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Abstract. The utilization of oil palm empty fruit bunch (EFB) residues as
a feedstock for nanocompost represents an innovative approach to enhance
soil fertility and promote sustainable nutrient management in oil palm
cultivation. This study evaluated the growth responses of oil palm seedlings
grown in Inceptisol to different types of EFB-derived nanocompost (EFB
only, EFB + solid decanter, and EFB + cow dung) combined with various
fertilization regimes (control, 100% NPK, 100% nanocompost, 50%
nanocompost + 50% NPK, and 75% nanocompost + 25% NPK). The
experiment was arranged in a factorial randomized block design under main
nursery conditions. Growth parameters, including plant height, stem
diameter, number of leaf sheaths, leaf area, root length, fresh and dry weight
of shoots and roots, were measured. Results showed that EFB-derived
nanocompost significantly improved seedling growth compared to the
control, and the integrated application of nanocompost and NPK
outperformed single applications of either nanocompost or NPK. Among the
treatments, the nanocompost EFB, which only contained 50% NPK,
produced the highest fresh and dry biomass, as well as balanced shoot and
root development, and enhanced nutrient availability due to the synergistic
effects between organic and inorganic sources.
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1 Introduction

Palm oil production generates large amounts of biomass, particularly empty fruit bunches
(EFB), which have the potential to be utilized as a source of organic matter in oil palm
cultivation systems. EFB has been extensively studied as a raw material for compost, biochar,
and organic soil amendments due to its high lignocellulose content and ability to improve
soil physical and chemical properties [1]. However, the effectiveness of EFB compost on
suboptimal soils varies due to its slow decomposition rate and uneven nutrient release [2].

Most oil palm nurseries in Indonesia are located on acidic soils, such as Ultisols,
Inceptisols, or acid sulfate soils, which generally have low cation exchange capacity, low pH,
high Al and Fe saturation, and limited macro- and micronutrients [3]. These conditions often
result in suboptimal plant responses to chemical fertilizers such as NPK (Hapsoh et al., 2020).
In practice, NPK fertilizers are generally applied to oil palms in high doses to maintain plant
growth and productivity. However, excessive application has the potential to increase
production costs and degrade long-term soil quality. Therefore, a fertilization strategy is
needed that can reduce dependence on NPK fertilizers while still supporting optimal plant
growth.

An integrated fertilization approach combining organic matter and NPK fertilizer has
been reported to increase soil nutrient retention, improve soil structure, and stimulate soil
microbial activity [4], [S]. However, conventional EFB compost formulations still have
limitations in nutrient bioavailability, resulting in inconsistent performance in the early stages
of plant growth. This opens up opportunities for the development of advanced formulations
based on material engineering.

Nanocompost are now being studied because they can increase the material's surface
area, adsorption capacity, and chemical and microbiological interactions in the soil [6], [7].
In this context, nanoparticles-enhanced compost has the potential to increase nutrient
availability and fertilizer efficiency compared to conventional organic materials, especially
in soils with low fertility [8]. Other studies have also demonstrated that integrating organic
matter and biochar can enhance soil carbon dynamics and soil respiration, which are crucial
for the rehabilitation of marginal lands [9].

Although various research results indicate the potential of using EFB and
nanotechnology to enhance soil fertility and fertilizer efficiency, empirical data on its
application in the oil palm nursery phase in Inceptisol are still limited. Thus, this study is
important for evaluating the effectiveness of EFB-derived nanocompost in acidic soil media
and for formulating a combination of organic and inorganic proportions that have the
potential to reduce dependence on NPK fertilizers while supporting optimal growth of oil
palm seedlings.

2 Materials and Methods

2.1 Experimental Site and Condition

This study evaluated the growth responses of oil palm seedlings grown in Inceptisol. This is
a pot experiment conducted in a greenhouse in Sengoagung Village, Purwosari District,
Pasuruan Regency, Indonesia, located at approximately 7°44°32.9” S and 112°43°49.9” E,
between February and October 2025. The analysis of oil palm shoots and roots was conducted
at the Integrated Laboratory of Universitas Islam Malang, Indonesia, while the production of
nanocompost using empty oil palm bunches was carried out in a field laboratory at the same
location.
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The soil used was Inceptisol order, collected from the topsoil layer (0—20 cm) of an oil
palm plantation in Central Kalimantan, Indonesia. The soil was air-dried, sieved to 2 mm,
homogenized, and analyzed for baseline properties including texture, pH (H=0), C-organic,
total N, available P, exchangeable K, CEC, and bulk density using standard soil analysis
procedures (Soil Survey Staff, 2014). The soils had a clay content of 29.5 %, a silt content of
35.3%, and a sand content of 35.2%, low soil pH (H20) 5.4 and pH (KCl) 4.33, very low
organic C (0.61 %) by Walkley and Black method, very low N total (0.07%) by Kjeldahl
method, very low P,Os (8.70 mg kg-1) by Bray I method, low exchangeable-K (0.18 me 100
g") and low cation exchange capacity (8.16 me100g™") soil by Ammonium acetate extraction
method.

2.2 Preparation of EFB-Derived Nanocompost

Empty fruit bunches (EFB) from a local palm oil mill were processed into compost using a
controlled aerobic decomposition system for 30 days, employing effective microorganisms.
The EFB compost was then mixed with decanter cake and cow dung, each in a 1:1 ratio, as
treatments P2 and P3. The three treatments were then composted again for 30 days using an
effective decomposer. The matured compost was subsequently refined into nanocompost
using a high-energy grinder milling technique for 4 hours at 300 rpm to achieve particle sizes
in the nano—micro range (<100-500 nm). The nanocompost was characterized for its C-
organic content, C/N ratio, total N, P, and K. The results of the nanocompost characteristics
are presented in Table 1. The next stage involves enriching the nanocompost with ZnO and
Si02 nanoparticles at concentrations of 400 and 200 mg/kg of compost, respectively.

Table 1. The result of the chemical analysis of the nanocompost

Parameter P1 P2 P3
(EFB only) (EFB+Decanter (EFB+Cow dung)
Cake)
pH (H20) 7.36+0.020 10.36+0.015 8.84+0.015
C-Organic (%) 35.90+0.375 30.39+0.746 27.51+1.850
N-Total (%) 2.50+0.148 2.83+0.042 2.28+0.082
C/N 14.4140.908 10.73£0.114 12.08+1.109
Organic Matter (%) 61.90+0.647 52.39+1.287 47.42+3.189
P20s (%) 1.08+0.051 2.12+0.031 4.43+0.032
K20 (%) 2.01+0.026 2.56+0.040 2.71+0.036
Lignin (%) 16.24+0.848 11.5240.125 11.98+0.230
Polifenol (%) 2.31+0.046 0.45+0.020 0.44+0.021

Remark: The results of chemical analysis from different types of EFB-derived nanocompost (P1 =
EFB only, P2 = EFB + solid decanter, and P3 = EFB + cow dung)

2.3 Experimental Design

A factorial randomized block design (RBD) under nursery conditions was used with two
factors, namely factor I: different types of EFB-derived nanocompost (P1 = EFB only, P2 =
EFB + solid decanter, and P3 = EFB + cow dung) and factor II: various fertilization regimes
(TO = control, T1 = 100% NPK, T2 = 100% nanocompost, T3 = 50% nanocompost + 50%
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NPK, and T4 = 75% nanocompost + 25% NPK). Each treatment was repeated five times with
three oil palm seedling samples, resulting in 225 experimental units.

2.4 Data Collection

Growth parameters were measured monthly and included plant height, stem diameter,
number of leaf sheaths, leaf area, leaf petiole length, and the fresh and dry weights of biomass
(shoot and root).

2.5 Data Analysis

At the 5% level, the data collected were statistically examined for variance (F-test). Using
Minitab Version 14.12, a 5% Tukey test or Honestly Significant Difference (HSD) test was
utilized to identify differences between treatments if the analysis findings indicated a
significant effect. The graphs were displayed using Microsoft Excel.

3 Result and Discussion

3.1 Plant Height of Oil Palm Seedlings

The research findings demonstrated that, at 5-6 months after transplanting (MAT), the height
of oil palm seedlings was considerably impacted by the EFB-derived nanocompost and
fertilizer combination; however, at 7 months after planting, the difference between the
treatments was no longer significant. For the majority of the observation period, P1T3 (EFB
only and 50% nanocompost + 50% NPK) and P1T4 (EFB only and 75% nanocompost + 25%
NPK) treatments produced the tallest plants and differed statistically from the control (Fig.

).

Plant Height (cm)

Treatment

Fig. 1. Plant height of oil palm seedlings due to interaction effect between types of EFB-derived
nanocompost and fertilization at 5, 6, and 7 MAT ( HSD 5%)

This result is in agreement with several studies that show the growth of oil palm
seedlings in the pre-nursery and main nursery can be enhanced by the combination of oil
palm EFB compost and NPK fertilizer when compared to single applications; however, plant
response is greatly influenced by the dosage and quality of the compost [4]. Adding oil palm
EFB compost with NPK plus during the early growth phase can enhance growth
characteristics and nutrient absorption in oil palm plants, which is consistent with the trend
of increased plant height in the combination treatments [5].

3.2 Stem Diameter of Oil Palm Seedlings

All treatments showed an increase in stem diameter, although notable variations didn't show
up until 7 months after planting. This suggests that the response to treatment for stem cell
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enlargement is cumulative and takes longer than the increase in height. The best treatment
was also seen in treatments P1T3 (EFB only and 50% nanocompost + 50% NPK) and P1T4
(EFB only and 75% nanocompost + 25% NPK) (Fig. 2).

Fig. 2. Stem diameter of oil palm seedlings due to the interaction effect between types of EFB-
derived nanocompost and fertilization at 5, 6, and 7 MAT ( HSD 5%)

This pattern is consistent with studies conducted on other plants in acidic soils, where it
has been demonstrated that applying oil palm EFB-based biochar or compost enhances the
physical characteristics of the soil (porosity, aeration, and water-holding capacity),
supporting the growth of woody tissue and stem enlargement [10], [11]. Additionally,
research on oil palm EFB biochar in Ultisols reveals an increase in organic carbon, CEC, and
a decrease in extra-alpha, all of which are favourably associated with plant biomass and stem
diameter [10].

3.3 Number of Leave Sheaths of Oil Palm Seedlings

Although there was a rising trend from 5 to 7 MAT, there was no significant difference in
leaf number between treatments at any of the observation dates. Treatments P1T4 (EFB only
and 75% nanocompost + 25% NPK) were the best treatments (Fig. 3).

Fig. 3. Number of leaf sheaths of oil palm seedling due to interaction effect between types of EFB-
derived nanocompost and fertilization at 5, 6, and 7 MAT ( HSD 5%)\

These findings are consistent with several oil palm nursery studies, which show that the
contribution of fertilizer application is more evident in terms of height, diameter, and biomass
production. In contrast, early leaf number is more influenced by seedling age and genetic
factors [12]. The trend toward increased leaf count in the combination of EFB-derived
nanocompost and NPK fertilizer suggests a possible improvement in nutritional status, which
enhances photosynthetic activity; however, the differences are not statistically significant [1],
[10].

3.4 Leaf Area of Oil Palm Seedlings

There was no discernible difference in leaf area across treatments at 5 and 6 MAT, as
observed. The NS indication indicates that the fertilizer application did not significantly
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impact the early development phase. However, the 5% HSD test revealed substantial
variations between the treatments 7 MAT. The treatments P1T4 (EFB only and 75%
nanocompost + 25% NPK) and P1T3 (EFB only and 50% nanocompost + 50% NPK) differed
considerably from the control and displayed the highest leaf area values (Fig. 4). In
comparison to the control or single fertilizer treatments, treatments based on a combination
of EFB-derived nanocompost and NPK fertilizer typically produced larger leaf areas.

Fig. 4. Leaf area of oil palm seedlings due to interaction effect between types of EFB-derived
nanocompost and fertilization at 5, 6, and 7 MAT ( HSD 5%)

This pattern indicates that the leaf area response to fertiliser application is gradual, with
considerable increases only emerging once the plants enter a more stable growth phase. This
finding is consistent with other research, which shows that leaf area responds more slowly
than other growth metrics because it is linked to enhanced photosynthetic capacity and leaf
tissue differentiation [13].

3.5 Leaf Petiole Length of Oil Palm Seedlings

At 5 MAT, there was no significant difference in leaf petiole length. At 6 MAT, differences
started to show up. The P3T4 (EFB + cow dung, 75% nanocompost + 25% NPK) treatment
had the highest value and was significantly different from the other treatments, followed by
the P2T1 (EFB + solid decanter, 100% NPK) and P3T3 (EFB + cow dung, 50% nanocompost
+ 50% NPK) treatments. This pattern persisted until 7 MAT, with the P3T4 (EFB + cow
dung, 75% nanocompost + 25% NPK) treatment having the highest value in comparison to
the control (Fig. 5).

Leaf Petiole Length (cm)

< < < < < < < <« &« < < & &

Fig. 5. Leaf Petiole length of oil palm seedlings due to interaction effect between types of EFB-
derived nanocompost and fertilization at 5, 6, and 7 MAT ( HSD 5%)

This trend suggests that when it comes to improving the vegetative growth of oil palm
seedlings in acidic soil, the combination of oil palm EFB-derived nanocompost and NPK
fertilizer works better than either treatment alone. This delayed reaction is consistent with
the physiological traits of oil palms, which indicate that longer fronds develop after the plant
has established sufficient root and stem tissue and achieved a better nutritional status. While
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NPK supplies easily accessible nutrients, the use of nanocompost is believed to enhance soil
chemistry and boost nutrient availability, acting in concert to promote frond growth. These
findings are consistent with other studies, which show that, particularly in acidic soils, a
combination of organic and inorganic fertilizers can improve oil palm vegetative
characteristics, such as frond length [12].

3.6 Shoot Fresh and Dry Weights of Oil Palm Seedlings

There were significant differences between treatments in the shoot fresh and dry weights of
oil palm seedlings. P1T3 (EFB only, 50% nanocompost + 50% NPK), P1T4 (EFB only, 75%
nanocompost + 25% NPK), P2T4 (EFB + solid decanter, 75% nanocompost + 25% NPK),
P3T3 (EFB + cow dung, 50% nanocompost + 50% NPK), and P3T4 (EFB + cow dung, 75%
nanocompost + 25% NPK) were the best treatments (Fig. 6).

Shoot Cry Welgh fg)
Woow %

BN

Fig 6. Shoot fresh (A) and dry (B) weights of oil palm seedlings due to interaction effect between
types of EFB-derived nanocompost and fertilization at 5, 6, and 7 MAT (HSD 5% )

By increasing the active surface area and nutrient adsorption capability, nanocompost
contributes to the increased availability of nutrients [6], [7]. Through a synergistic process of
delayed and rapid nutrient release, the combination of organic and inorganic sources
enhances fertilizer efficiency. Additionally, the higher photosynthetic activity, N uptake, and
chlorophyll creation are linked to dry biomass formation [§]. Nanostructures that enhance
interactions with functional microorganisms and accelerate the mineralisation of organic
materials also amplify this effect.

3.7 Root Fresh and Dry Weights of Oil Palm Seedlings

The combination of EFB-derived nanocompost and inorganic fertilizer resulted in a
considerable increase in both fresh and dry root weights. For both fresh and dry shoot
weights, the best treatment trends were P1T3 (EFB only, 50% nanocompost + 50% NPK),
P1T4 (EFB only, 75% nanocompost + 25% NPK), P2T4 (EFB + solid decanter, 75%
nanocompost + 25% NPK), P3T3 (EFB + cow dung, 50% nanocompost + 50% NPK), and
P3T4 (EFB + cow dung, 75% nanocompost + 25% NPK) (Fig. 8).
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Fig 7. Root fresh (A) and dry (B) weights of oil palm seedlings due to interaction effect between
types of EFB-derived nanocompost and fertilization at 5, 6, and 7 MAT (HSD 5%)

Nano-organic materials have also been shown to bind toxic AI** and Fe?" in acidic soils,

increasing root bulk and length [3], [11]. Larger roots enhance canopy growth, as they can
absorb more water and nutrients, thereby supporting the growth of the entire plant.
Additionally, applying nanocompost creates a robust and long-lasting root structure in
addition to momentarily increasing biomass [14]. The combination of NPK fertilizer and
organic fertilizer (biochar/EFB compost) enhanced root density and nutrient absorption
capacity in the oil palm nursery phase, as supported by these results [12], [15].

4. Conclusion

In acidic Inceptisol soil, oil palm seedling growth can be enhanced by using nanocompost
generated from empty oil palm fruit bunches (EFB) in conjunction with NPK fertilizer. In
several important growth indices, including plant height, stem diameter, leaf area, SPAD
value, and shoot and root biomass, P1T3 (EFB only, 50% nanocompost + 50% NPK), P1T4
(EFB only, 75% nanocompost + 25% NPK), treatments consistently produced the greatest
results.

The authors would like to thank the Plantation Fund Management Agency (BPDP) for the funding
support for this research through the 2025 Palm Oil Research Grant scheme.
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