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Abstract

Oil palm (Elaeis guineensis Jacq.) is a major 
source of vegetable oil and an important plantation 
commodity in the Indonesian economy. This study 
aims to determine the effect of slow-release fertilizer 
on the growth of oil palm seedlings in the primary 
nursery and to determine the nutrient status through 
laboratory analysis and spectroradiometer. The study 
was conducted at the IPB experimental station in 
Cikabayan, Dramaga, Bogor. Analysis of soil and 
leaf samples at the AGH Test Laboratory of the IPB 
University Department from December 2023 to July 
2024. This study used a complete randomized block 
design with one factor, a nine-level fertilizer dose, and 
was repeated four times. Each experimental unit has 
10 plants, so the total plant population is 360. Slow-
release fertilizer can supply nutrients for a period 
of weeks. This study tested if it would benefit the 
growth of oil palm seedlings in the primary nursery. A 
slow-release fertilizer dose of 75% provides the best 
increase in oil palm seedling growth, whereas, at 50 
and 150% doses, it did not increase compared to the 
control. The agronomic effectiveness value is above 
95%.

Keywords:	efficiency, leaf nutrient analysis, nutrient 
content, plant morphology,

Introduction

Indonesia is the world’s largest crude palm oil (CPO) 
producer, with oil palm plantations covering 15.38 
million hectares in 2022. These plantations comprise 
6.37 million hectares of smallholder farms, 598.78 
thousand hectares of state-owned plantations, and 
8.4 million hectares of private estates. The country’s 
total CPO production reached 48.23 million tons per 

year, with smallholder plantations contributing 15.49 
million tons, state plantations 2.31 million tons, and 
private plantations 27.93 million tons. The average 
CPO yield is approximately 3.9 tons per hectare 
(Ministry of Agriculture, 2022). However, oil palm 
productivity is influenced by several factors, including 
land quality, genetic potential, and seed quality 
(Ministry of Agriculture, 2022).

Using high-quality, certified planting materials is 
critical to plantation success. Oil palm seeds must 
originate from certified superior varieties to ensure 
optimal growth and yield potential. Since the nursery 
phase is a preliminary stage requiring one year of 
preparation before field planting, proper nursery 
management is essential (Ariyanti et al., 2017).

Oil palm nurseries consist of two phases: the pre-
nursery phase (three months) and the main nursery 
phase (nine months) (Sulardi, 2022). Effective nursery 
management is essential for maximizing genetic 
potential, as inadequate growth conditions can 
limit plant development (Mangoensoekarjo, 2013). 
Proper seedling care, including optimal fertilization, 
is necessary to achieve vigorous growth (Santi and 
Goenadi, 2016).

Plant productivity is fundamental for sustainable 
palm oil cultivation (Ibragimov et al., 2019). Nutrient 
availability significantly influences oil palm growth 
(Kamal and Manan, 2020). Nutrient deficiencies 
during the nursery stage can severely impact seedling 
development. For instance, nitrogen (N) deficiency 
in 9-month-old seedlings has been shown to reduce 
plant height by up to 12% (Sudradjat et al., 2014), 
while imbalances in calcium (Ca) and magnesium 
(Mg) can decrease stem diameter by 14% (Ningsih 
et al., 2015). Since soils often fail to supply adequate 
nutrients for optimal productivity, fertilization is 
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necessary to maintain soil fertility and support plant 
growth (Khalida and Lontoh, 2019).

Fertilization strategies should minimize nutrient 
losses caused by leaching, volatilization, and erosion 
(Farrasati et al., 2021). Conventional fertilizers often 
result in nutrient inefficiency, leading to rapid depletion 
and potential environmental pollution. Slow-release 
fertilizers (SRFs) provide a controlled nutrient supply 
by gradually dissolving in soil moisture, reducing 
nutrient loss, and improving absorption efficiency 
(Cole et al., 2016). SRFs ensure prolonged nutrient 
availability, aligning nutrient release with plant 
demand, thus enhancing growth and productivity (Liu 
et al., 2021).

Previous studies have demonstrated that solid-
compound SRFs significantly improve seedling growth 
and increase fresh fruit bunch (FFB) production in 
young oil palm plants (Wigena et al., 2006). Moreover, 
SRFs mitigate nutrient losses due to volatilization and 
leaching, reducing fertilizer application frequency and 
promoting sustainable nutrient management.

Given the advantages of slow-release fertilizers, 
further research is required to evaluate their efficacy 
in oil palm seedling development. This study aims 
to compare the growth performance of oil palm 
seedlings in primary nurseries using slow-release and 
conventional fertilizers. The findings will contribute to 
optimizing nursery fertilization practices, improving 
seedling vigor, and enhancing long-term plantation 
productivity.

Materials and Methods

This research was conducted at the IPB experimental 
field in Cikabayan, located at an altitude of 250 m 

above sea level in Dramaga, Bogor. The study period 
spanned from November 2023 to August 2024. The 
equipment used included a SPAD 502, digital scales, 
and ovens. The materials consisted of four-month-
old D x P oil palm seeds of the “Sriwijaya-5” variety, 
45 cm × 45 cm polybags, topsoil, and slow-release 
fertilizers NK 24-26.1, NPKMg 15-15-6-4, NPKMg 12-
12-17-2, SP 36, along with kieserite, fungicides, and 
insecticides.

This study utilized a completely randomized block 
design with one factor: fertilizer dose. Nine levels of 
fertilizer dose, each repeated four times, resulted in 36 
experimental units. Each experimental unit comprised 
ten plants, leading to a total plant population of 360. 
The treatment dosages are detailed in Table 1.

The nursery land was prepared in a 20 m x 20 m 
area, arranged in polybags spaced 90 cm × 90 cm × 
90 cm apart. The initial phase of this activity involved 
using composite soil samples for analysis. Topsoil 
was the medium previously sifted to separate the 
other materials from the soil. The fertilizer dosages 
were administered as follows: the standard fertilizer 
at 50% and 100%, and test fertilizer at 25%, 50%, 
75%, 100%, 125%, and 150%. Standard fertilizer 
refers to the recommended fertilization dosage for the 
oil palm nursery as per PPKS (PPKS, 2014), and the 
fertilizer dosage for each treatment was divided into 
18 applications at two-week intervals (see Table 1). 
Fertilization was performed by burying the fertilizers 
around the plants in the polybags. Plant care involved 
spraying fungicides and insecticides weekly. Weed 
control in the polybags was conducted manually.

Morphological measurements of seedling height 
(cm), stem diameter (cm), and number of fronds were 
carried out every month until the end of planting, 10 
months after planting. Observations of frond length 

Table 1. Dosages of standard and slow-release fertilizer for oil palm seedlings

Treatments

Slow-release fertilizer 
(g per plant) Standard fertilizer (g per plant)

NK
24-26.1

NPKMg
15-15-6-4

NPKMg
12-12-17-2 SP-36 Kieserite

Control (without fertilizer) 0 0 0 0 0
Standard fertilizer 50% 0 12.50 115.00 0 27.50
Standard fertilizer 100% 0 25.00 230.00 0 55.00
Slow-release fertilizer 25% 40.00 0 0 87.08 77.40
Slow-release fertilizer 50% 80.00 0 0 87.08 77.40
Slow-release fertilizer 75% 120.00 0 0 87.08 77.40
Slow-release fertilizer 100% 160.00 0 0 87.08 77.40
Slow-release fertilizer 125% 200.00 0 0 87.08 77.40
Slow-release fertilizer 150% 240.00 0 0 87.08 77.40
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(cm), leaf stalk width (cm), leaf length (cm), and plant 
dry weight (g) were performed at the end of planting 
10 months after planting. Physiological observation 
of leaf greenness level was measured using a SPAD-
502 Plus (Minolta) chlorophyll meter. One leaf from 
each sample, i.e., the 5th leaf from each treatment, 
was measured, totaling 36 plants. Leaf greenness 
level, N, P, K, Mg leaf content, was measured at the 
end of the planting period or 10 months after planting. 
The leaves were air-dried and then dried in an oven 
at a temperature of 60°C until a constant weight was 
reached before analysis.

The quantitative data was analyzed using the SPSS 
Statistics 25 program through the ANOVA variance 
test at a significant level of 5%; if there are significant 
differences, it will be further tested with the Duncan 
Multiple Range Test.

Results and Discussion

Seedling Height and Stem Diameter

The fertilizer dose treatment significantly affected 
the height of seedlings at 8, 9, and 10 months 
after planting. The 75% fertilizer dose treatment 
increased the height of oil palm seedlings by 10.06% 
at 8, 19.38% at 9, and 30.25% at 10 months after 
planting compared to the control (Table 2). In 
contrast, fertilizer treatments did not affect oil palm 
seedling stem diameter at 8, 9, and 10 months after 
planting (Table 2). However, the 75% fertilizer dose 
treatment increased the stem diameter by 34.38%, 
18.49%, and 23.14% at 8, 9, and 10 months after 
planting, respectively, compared to the control (Table 
2). The larger stem diameter was likely due to the 
optimal availability of N nutrients (Adileksana et al., 

Table 2.  Oil palm seedling heights and stem diameter at 8, 9, and 10 months after planting 

Treatments

8 months 9 months 10 months
Seedling 
heights 

(cm)

Stem 
diameter 

(cm)

Seedling 
heights 

(cm)

Stem 
diameter 

(cm)

Seedling 
heights 

(cm)

Stem 
diameter 

(cm)
Control (without fertilizer) 52.36abc 2.50 56.51d 3.04 66.95b 3.52
Standard fertilizer 50% 47.93bc 2.75 58.11bcd 3.20 81.54ab 3.67
Standard fertilizer 100% 55.74ab 2.81 65.47abc 3.48 84.20a 3.83
Slow-release fertilizer 25% 47.15c 2.74 59.21bcd 3.26 82.71ab 3.68
Slow-release fertilizer 50% 53.07abc 3.34 63.35abcd 3.46 90.22a 3.92
Slow-release fertilizer 75% 58.22a 3.81 70.10a 3.73 95.99a 4.58
Slow-release fertilizer 100% 55.19abc 2.90 67.45ab 3.59 90.91a 4.06
Slow-release fertilizer 125% 48.85bc 3.41 61.93abcd 3.39 82.96ab 4.01
Slow-release fertilizer 150% 54.23abc 2.99 64.89abcd 3.69 90.37a 4.14

Notes: Values followed by the same letter in the same column indicate no significant differences based on the DMRT at 
α=0.05. 

Table 3. Oil palm number of fronds at 8, 9, and 10 months after planting 

Treatments
Fronds number

8 months 9 months 10 months
Control (without fertilizer) 0.80b 2.84 2.84c
Standard fertilizer 50% 0.76b 3.37 3.37c
Standard fertilizer 100% 1.80a 4.16 6.07b
Slow-release fertilizer 25% 0.82b 3.44 4.34c
Slow-release fertilizer 50% 1.95a 4.17 6.75ab
Slow-release fertilizer 75% 2.17a 4.95 8.05a
Slow-release fertilizer 100% 2.02a 4.76 6.12b
Slow-release fertilizer 125% 1.3ab 3.86 6.11b
Slow-release fertilizer 150% 1.67a 4.61 6.25b

Notes: Values followed by the same letter in the same column indicate no significant difference based on the DMRT at 
α=0.05. 
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2020). The provision of NPK significantly increased 
the growth of oil palm stem diameter in the nursery 
(Syamsuwirman et al., 2023).

Number of Leaflets

The 75% slow-release fertilizer dose increased the 
number of oil palm fronds in 8 months by 63.13% 
and 64.72% at 10 months after planting, compared to 
the 0% fertilizer dose treatment (Table 4). A study by 
Siallagan et al. (2014) reported that a compound NPK 
significantly increased the number of oil palm fronds in 
immature plants and resulted in a quadratic response 
at 9, 11, and 12 months after treatment, whereas 
in Hamidah and Noor (2024) study compound NPK 
significantly increased the number of leaves fronds.

Leaf Size, Leaflet Length, and Leaf Greenness Levels

The fertilizer dosage significantly affected the length 
of the fronds of oil palm seedlings in the main nursery. 
A 75% fertilizer dosage increased the length of plant 
fronds by up to 51% compared to the treatment 
without fertilization (Table 5). This is likely due to 
more nitrogen availability when fertilizer is applied. 
Compound NPK ensures the long-term availability 
of nitrogen because it is a slow-release fertilizer. 
Rasid et al. (2014) stated that providing slow-release 
fertilizers significantly increased leaf stem length.

Fertilizer dosage significantly affected the width and 
length of the fronds. A 75% fertilizer dosage increased 
the width of plant fronds by up to 52% compared to the 
treatment without fertilization and the leaflet length by 
22% to control (Table 5).

Leaf formation of oil palm seedlings depends on 
the availability of nutrients, light intensity, and water 
(Adileksono et al., 2020). The leaf area reflects the 

area of ​​the part that carries out photosynthesis; 
therefore, if the leaf area is higher, photosynthesis will 
also increase (Shintarika et al., 2015).

The fertilizer dosage significantly affected the level 
of leaf greenness in palm oil seedlings in the main 
nursery. A 75% fertilizer dosage increases the level 
of leaf greenness by up to 69.00% compared to the 
treatment without fertilization (Table 5). In a report 
by Sudradjat et al. (2015), the provision of NPK 
compound fertilizer packages to young (< 1 year 
old) oil palms significantly increased leaf area, leaf 
chlorophyll content, nitrogen, and phosphorus.

Plant Dry Weight

A 75% fertilizer dosage increased the plant’s dry 
weight by 26.90% compared to the control (Table 
6). Dry weight is a growth parameter that reflects 
the nutritional status of plants and assimilation 
through photosynthesis (Syahrovy et al., 2015). In a 
study by Ginting et al. (2021), the highest biomass 
accumulation in oil palms was found in the stems, 
followed by the roots and leaves.

The effects of NPK Mg compound fertilizer to the 
levels of N, P, K, and Mg nutrients in the leaves is 
shown in Table 4. The results of the leaf tissue analysis 
showed that the concentration of tissue nutrients for 
growth was in the sufficient zone when compared to 
those at the critical nutrient levels. It is not yet mature 
for 2.50% N (Ollagnier and Ochs, 1981). The leaf N 
level from the control treatment did not exceed the 
critical N limit at 10 months after planting.

The optimum concentrations of P and K in palm oil 
leaves are 0.165% and 0.9-1.3% (Foster et al., 1988). 
The results of the analysis of leaf P content in Table 
4 were almost all below the optimum concentration. 

Table 4. Leaf stalk length and width, leaflet length, and leaf greenness level 10 months after planting 

Treatments Leaf length 
(cm)

Leaf width 
(cm)

Leaflet length 
(cm) Leaf greenness level 1)

Control (without fertilizer) 54.48 c 0.87 d 24.61 b 46.20 c
Standard fertilizer 50% 65.08 bc 0.96 bcd 27.04 ab 42.12 c
Standard fertilizer 100% 67.45 bc 1.05 bcd 28.90 a 71.75 a
Slow-release fertilizer 25% 66.66 bc 0.93 cd 27.04 ab 47.52 c
Slow-release fertilizer 50% 69.67 ab 1.08 bcd 28.85 a 55.65 bc
Slow-release fertilizer 75% 82.56 a 1.33 a 30.26 a 78.20 a
Slow-release fertilizer 100% 73.50 ab 1.13 abc 28.98 a 74.67 a
Slow-release fertilizer 125% 65.74 bc 1.10 bcd 28.11 a 69.82 ab
Slow-release fertilizer 150% 70.49 ab 1.18 ab 30.09 a 78.57 a

Notes: 1) = based on the SPAD values. Values followed by the same letter in the same column indicate no significant 
difference based on the DMRT at α=0.05. 
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Table 4 shows that only slow-release fertilizer 100% 
resulted in the leaf optimum K value of 0.9%. The 
leaf analysis method is sensitive enough to detect 
depletion of soil reserves that cannot be measured 
by soil analysis, which aims to avoid the risk of over-
fertilization without deviating significantly from the 
maximum results (Dubos et al., 2019). According to 
Obi et al. (2022), the amount of fertilizer applied will 
significantly increase nutrient absorption. Nitrogen is 
a major component of chlorophyll, which is required 
for photosynthesis. Increased nitrogen levels during 
the vegetative growth stage can strengthen and 
support root growth, allowing plants to take up more 
water and nutrients. This causes plants to grow faster 
and produce leaves, resulting in high productivity 
(Sudradjat, 2020). Nitrogen-deficient plants are 
generally small and slow-growing; older leaves turn 
yellow or pale green owing to a lack of chlorophyll, 
starting at the lower leaf tips and eventually 
spreading throughout the plant (Sudradjat, 2020). 
It is difficult to identify symptoms of P deficiency in 
palm oil plants. However, P deficiency may cause 
stunted plant growth, characterized by short fronds 
and pyramid-shaped stems (Sudradjat, 2020). 
Potassium deficiency appears in oil palm plants as 

orange spots, yellowing of the crown center, and 
white stripes (Sudradjat, 2020). The initial symptoms 
of magnesium deficiency appear with a color change 
from green to dark yellow on leaf stalks; the color 
change occurs especially on leaf stalks exposed to 
direct sunlight. Under severe deficiency conditions, 
the leaves change from dark yellow to bright yellow 
and then dry out (Sudradjat, 2020).

Relative Agronomic Effectiveness

Relative agronomic effectiveness compares the 
relative agronomic effectiveness of each fertilizer 
tested with that of a standard fertilizer. Relative 
agronomic effectiveness compares the increase in 
crop yield after treatment with the tested fertilizers 
and the increase in crop yield with standard fertilizer 
multiplied by 100 % (Machay et al., 1984). The 
recommended fertilizer in this study was the standard 
fertilizer treatment of 100% dose. Fertilizers are 
considered agronomically effective if their relative 
effectiveness value exceeds 95%.

Table 6. Oil palm leaf nutrient levels 10 months after planting 

Treatments Leaf
N (%)

Leaf
P (%)

Leaf
K (%)

Leaf
Mg (%)

Control 2.31 0.16 0.61 0.39
Standard fertilizer 50% 2.50 0.14 0.54 0.44
Standard fertilizer 100% 2.67 0.15 0.76 0.36
Slow-release fertilizer 50% 2.73 0.15 0.83 0.37
Slow-release fertilizer 100% 2.71 0.14 0.90 0.39

Notes: Values followed by the same letter in the same column indicate no significant difference based on the DMRT at 
α=0.05. 

Figure 2.	Relative agronomic effectiveness values (calculated based on Machay et al., 1984) of different 
doses of slow-release fertilizer. 
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The calculation results of the relative agronomic 
effectiveness value (Figure 2) show that the slow-
release fertilizer at 50% has reached agronomic 
effectiveness of >95%. Compared with conventional 
fertilizer treatments, solid compound slow-release 
fertilizers can reduce the amount of fertilizer for oil 
palm farmers because of the increased fertilization 
efficiency by 50-60% to obtain the same FFB 
production (Figure 2); a similar finding is reported by 
Wigena et al. (2006). These findings confirmed the 
results of Purnama and Afrillah (2022) that ensuring 
nutrient availability in oil palm seedlings at an early 
young age improved the growth of oil palm seedlings.

Conclusions

Slow-release fertilizers significantly affect the growth 
of oil palm seedlings at a dose of 75%. The slow-
release fertilizer doses of 50% to 150% produced oil 
palm seedling growth that was at least as good as 
the standard fertilizer comparison and significantly 
better than the control, producing relative agronomic 
effectiveness above 95%.
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