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Abstract

Conventional oil palm nursery systems face significant challenges, including limited nutrient availability, land
dependency, and pest infestations, which drive the adoption of hydroponic systems as a sustainable alternative.
This study evaluated the effect of liquid organic fertilizer (LOF) derived from goat manure and straw waste on the
growth of pre-nursery oil palm seedlings (Elaeis guineensis) using a wick hydroponic system. While standard
hydroponic systems typically use water-soluble inorganic fertilizers like AB Mix, which provide complete macro-
and micronutrients readily available to plants, this study investigated LOF as a sustainable alternative that aligns
with organic agriculture principles. The experiment was conducted in a greenhouse over three months using a
non-factorial completely randomized design (CRD) with seven treatments and three replications. Treatments
included AB Mix (control) and mixtures of AB Mix with goat manure LOF or straw waste LOF at concentrations of
400, 800, and 1,200 ppm. Observed variables included plant height, leaf count, stem diameter, and leaf width.
Results indicated that the AB Mix treatment alone yielded superior vegetative growth compared to treatments
supplemented with goat manure or straw waste LOF. These findings suggest that while AB Mix remains more
effective for supporting oil palm seedling growth in the pre-nursery phase, LOF holds potential as a supplementary
nutrient in hydroponic systems with optimized formulations and concentrations. This research provides a
foundational basis for developing more efficient and sustainable oil palm nursery technologies.
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1. Introduction

Oil palm nurseries are generally carried out using a
conventional soil-based system that consists of two stages:
Pre Nursery and Main Nursery. In the pre-nursery stage,
superior cross-bred seedlings such as DxP 540 PPKS are
planted in a media box for £3 months in a limited area to
facilitate easier monitoring and care. DxP 540 PPKS
seedlings have the advantages of strong initial vigor,
straight stem growth, shiny green leaves, and a sturdy root
system, so that they are more adaptive when transferred to
the field. These advantages make DxP 540 PPKS seedlings
widely used as a standard in oil palm plantations because
they can produce plants with high productivity potential
(Saputra et al., 2017).

Although soil-based systems are considered practical
and widely used, they still have several limitations, such as
the often unbalanced nutrient availability in the growing
medium, the high risk of pest and disease attacks, and the
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need for large areas of land. These limitations are the main
weaknesses of conventional methods, resulting in
suboptimal land-use efficiency and plant productivity
(Panggabean and Wardati, 2015; Muhibuddin and Andik,
2014). Therefore, alternative approaches, such as
hydroponic cultivation with a wick system, have begun to
be implemented at the Pre-Nursery stage to increase
nursery efficiency and effectiveness. The wick system
allows for more controlled nutrient absorption through a
more sterile growing medium, reduces dependence on soil,
and saves space and water, making it considered more
adaptive to the challenges of modern nurseries.

The wick system allows for a stable distribution of
water and nutrients according to plant needs and reduces
the risk of overwatering, as absorption occurs via capillary
action through the wick. Implementing this system in the
pre-nursery stage of oil palm nurseries provides an
innovative solution to the limitations of conventional soil
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media, particularly in terms of nutrient absorption
efficiency, moisture control, and minimizing pest and soil
disease problems. Thus, the wick system not only enhances
oil palm seedling growth in the early stages but also
supports more environmentally friendly, resource-efficient
nurseries (Resh, 2004).

Wick systems are more suitable for small-scale use or
for beginners due to their simple design and low
operational costs (Mardhiah et al ., 2011). The trend
towards wick systems is growing because they offer cost
savings, are easy to set up, do not require pumps or
electricity, and are suitable for small-scale research or
nurseries. Nutrient distribution is also even, thus increasing
overall plant growth efficiency (Resh, 2004).

In this study, organic fertilizer (LOF) was produced
from goat manure, an easily obtained, nutrient-rich organic
material. Goat manure was fermented using Effective
Microorganism 4 (EM4) to accelerate the decomposition
process and increase nutrient content. The LOF from goat
manure contained 1.15% N, 60.68 ppm P, and 519.07 ppm
K, while the raw material contained approximately 31%
organic matter, with a C/N ratio of 25-30% (Lingga, 1991;
Suparhun, 2015). Furthermore, goat manure is readily
available, inexpensive, and efficient in increasing plant
growth and productivity (Rahmah et al., 2014; Liu et al.,
2011).

Meanwhile, rice straw waste is one of the largest
agricultural wastes that has the potential to be used as raw
material for liquid organic fertilizer (LOF) because it
contains important nutrients such as N around 0.5-0.8%, P
around 0.07-0.12%, and K around 1.2-1.7% (Sari et al .,
2023). Using rice straw as LOF not only benefits plants but
also prevents nutrient loss from combustion (Rhofita and
Chana, 2019). LOF from straw is used because it has a high
nutrient content, can improve the quality of hydroponic
nutrient solutions, increase plant resistance to stress, and
support sustainable waste processing (Bachtiar and Ahmad,
2019; Siswanti, 2009).

The use of liquid organic fertilizer (LOF) in
hydroponic systems has been widely studied to improve
nutrient utilization efficiency and support sustainable
agriculture. Several studies have reported that LOF made
from organic waste, such as livestock manure and rice
straw, can enhance plant growth by improving nutrient
availability and microbial activity. However, its
effectiveness is greatly influenced by the raw material,
concentration, and cultivation system used. Previous
research has generally focused on horticultural crops or on
hydroponic systems other than wick systems, so
information on the effectiveness of LOF in oil palm
nurseries remains limited.

To date, studies directly comparing the performance of
AB Mix nutrients with a combination of AB Mix and goat
manure LOF and straw waste LOF in the pre-nursery phase
of oil palm using a wick hydroponic system are still rarely
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reported. Therefore, this study has the novelty of evaluating
the effects of various concentrations of goat manure LOF
and straw waste LOF combined with AB Mix on the
growth of oil palm seedlings in the pre-nursery phase. The
results of this study are expected to provide scientific
information on the potential of LOF as a supporting
nutrient in a wick hydroponic system and become the basis
for the development of oil palm nursery technology that is
more efficient, environmentally friendly, sustainable and
suitable for application on a wider scale in the oil palm
industry. The objectives of this study are: 1. To determine
the difference in the growth of oil palm seedlings in the
pre-nursery given AB mix goat manure LOF and AB mix
straw waste LOF compared to AB Mix. 2. To determine the
difference in the growth of oil palm seedlings in the pre-
nursery treated with goat manure LOF and straw waste
LOF. 3. To determine the difference in the growth of oil
palm seedlings in the pre-nursery against the concentration
of straw waste LOF given. 4. To determine the difference
in the growth of oil palm seedlings in the pre-nursery with
respect to the concentration of goat manure LOF given.

2. Material and Methods

This research was conducted in the greenhouse of the
Horticultural Seed Development Unit (UPT) in Deli
Serdang Regency, North Sumatra Province, Indonesia.
Geographically, the research site is located at 3°34' N,
98°40" E, at an altitude of approximately 25 meters above
sea level (masl). The research period was three months,
starting from November 2024 to January 2025.

The materials needed are DxP PPKS 540 cross-
pollinated oil palm seedlings, goat manure fertilizer, straw
waste, distilled water (5 liters), AB Mix nutrients (1 liter),
EM4, 96% ethanol, flannel cloth and rockwool measuring
15 x 15 x 7.5 cm.

The tools used are a square tub measuring 30 x 39.5
cm, Netpot, Impraboard, TDS Meter, 25 kg capacity
bucket, 30 cm diameter funnel, 25 liter jerry can, cloth
meter, glass beaker and measuring cup, filter paper,
analytical balance, knife, UV-Vis spectrometer with a
wavelength range of 190-1100 nm, used to measure the
intensity of light absorption of the solution in determining
plant chlorophyll parameters, Camera.

This research uses the Completely Randomized Design
(CRD) method. Non-factorial with amount treatment 7,
namely: K o = 0 control + (AB Mix with pH 6.2)
(1000ppm). LJ ; = 400 ppm straw waste + (AB Mix with
pH 6.2 ). LJ , = 800 ppm straw waste + (AB Mix with pH
6.2 ). LJ 3 =1,200 ppm straw waste + (AB Mix with pH 6.2
). KK ; = 400 ppm goat manure + (AB Mix with pH 6.2 ).
KK , = 800 ppm goat manure + (AB Mix with pH 6.2 ).
KK 3 = 1,200 ppm goat manure + (AB Mix with pH 6.2).
The data analysis method was a Non-Factorial Completely
Randomized Design (CRD-Non-Factorial) with one
treatment factor, namely the combination of AB Mix
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nutrient solution and liquid organic fertilizer (LOF), using
the mathematical model Y;[J = p + t; + &[J. Data analysis
was carried out using analysis of variance (ANOVA) at a
95% confidence level (a = 5%). If the treatment effect was
significant, a contrast test was used to determine
differences between treatments. Statistical analysis was
conducted using IBM SPSS Statistics version 26, while
initial data processing and graphical presentation were
conducted in Microsoft Excel 2019. The analytical tools
used included the ATC PH-009 digital pH meter (pH range
0-14), the Xiaomi Mi TDS Pen TDS meter (range 0-9990
ppm), the Shimadzu UV-Vis spectrophotometer
(wavelength range 190-1100 nm) for chlorophyll content
analysis, the Ohaus Pioneer PA214 analytical balance
(accuracy 0.0001 g¢g), and a camera for research
documentation. The following is a flowchart of research
implementation:

Preparation of Tools and Materials
Hydroponic Media Preiparation & Installation
Seedling Sowinig and Selection
ProvidingiTreatment
l

Plant Maintenance

l

Growth Parameter Observation

l

Data analysis

|

Conclusion

The research implementation flow is presented as a
diagram to clarify the stages of the research, from the
preparation of tools and materials to data analysis.

3. Results and Discussion
3.1. Plant Height

Data on plant height for the liquid straw waste LOF
and goat pen LOF treatments aged 2, 4, 6, 8, 10 and 12
MST, along with the analysis of variance, are presented in
Appendix 3-14. Based on the results of the analysis of
variance with a non-factorial Completely Randomized
Design (CRD), as shown in Table 2.

Based on Table 2, the application of LOF from goat
manure and straw waste significantly affected the height of
oil palm seedlings at 4 weeks after planting, but had no
effect at 2, 6, 8, 10, and 12 weeks after planting. The results
of the orthogonal analysis are presented in Table 3.

Based on Table 3, the results of the orthogonal test
show that the administration of straw waste LOF (LJ) and
goat manure LOF (KK) in the pre-nursery phase of oil
palm seedlings did not significantly affect plant height at
the age of 12 WAP. The control treatment (K0), which
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applied AB Mix fertilizer showed the highest plant height
growth, averaging 30.33 cm, higher than the LOF treatment
(LJ + KK), which produced an average of 28.02 cm, with a
difference of 2.31 cm. Quantitatively, these results are in
line with previous studies, which reported that the use of
inorganic nutrients in the pre-nursery phase resulted in oil
palm seedling heights ranging from 29-32 cm at the age of
12 WAP, while the application of liquid organic fertilizer
resulted in plant heights of around 26—29 cm at the same
age.

The comparison between the LJ and KK treatments
also showed no significant difference, where LJ produced
an average plant height of 27.99 cm, while KK produced
28.06 cm, with a difference of only 0.07 cm. These results
support previous research, which reported that different
types of liquid organic fertilizers provide a relatively small
increase in plant height, namely less than 1 cm, and are not
statistically significant. Furthermore, the absence of
significant differences between treatment levels in both LJ
1 —LJ; and KK ; — KK ; indicates that increasing the
LOF dose does not always significantly increase plant
height. Previous research also reported that increasing the
LOF dose increases plant height by only 0.5-1.2 cm, so the
growth response is often statistically insignificant.

3.2. Number of Leaves

The number of leaves with the treatment of liquid
waste, LOF straw and goat pen LOF aged 2, 4, 6, 8, 10 and
12 MST, along with the analysis of variance, can be seen in
Appendix 15-26. Based on the results of the analysis of
variance with a non-factorial Completely Randomized
Design (CRD), as shown in Table 4.

Based on the results of observations of plant height at
the age of 2 to 12 WAP, the application of liquid straw
waste LOF and goat manure LOF showed a relatively
uniform growth response at each observation time. At the
age of 12 WAP, the plant height produced by the LOF
treatment ranged from 26.59-29.02 cm, while the control
treatment with AB Mix nutrients produced a plant height of
30.33 cm. Quantitatively, the difference in plant height
between the LOF and inorganic nutrient treatments reached
1.31-3.74 cm. These results are in line with previous
research which reported that the application of liquid
organic fertilizer in the pre-nursery phase of oil palm
resulted in a plant height of around 25-29 cm at the age of
12 WAP, while the use of inorganic nutrients was able to
produce a higher plant height, which ranged from 29-32
cm. This difference indicates that inorganic nutrients are
more quickly available and absorbed by plants than liquid
organic fertilizers, which require a decomposition process
before the nutrients can be optimally utilized. In addition,
increasing the LOF dose from 2 to 12 WAP at age 2 did not
result in a significant increase in plant height.
Quantitatively, the difference in plant height between dose
levels only ranged from 0.5-1.2 cm, so statistically there
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was no significant difference.

Table 1. Height of Oil Palm Seedlings (Pre-Nursery) with Treatment of Straw Liquid Waste LOF and Goat Pen LOF in

the Wick System Hydroponic Method
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Plant Height Age

Treatment 2 MST AMST 6 MST BMST 0 MST 12 MST
.................................... (CM). e

K 8.64 14.26 18.29 22.28 25.76 30.33
Ly, 8.21 12.72 16.76 20.3 24.33 28.04
L, 8.07 12.88 16.58 21.2 25.43 29.02
L, 8 11.73 15.46 19.53 22.43 26.92
KK , 8.73 13.67 17.66 22.25 24.7 28.65
KK, 9.18 13.66 18.07 21.1 24 26.59
KK 8.48 12.99 17.33 22.14 25.94 28.93
Information tn. * tn. tn. tn. tn.

Note: * sign indicates significant difference, tn: not significant

Table 3. Orthogonal Test Results for Oil Palm Seedling Height ( Pre-Nursery ) with Straw Liquid Waste LOF and Goat

Pen LOF Treatment in the Wick System Hydroponic Method

Average Value (cm)

Contrast 12 VST Information
K ovs LI+KK 30.33 vs 28.02 tn.
LJvs KK 27.99 vs 28.06 tn.
LJjvsLI, Ll 28.04 vs 27.97 tn.
LJ,vs LI, 29.02 vs 26.92 tn.
KK ;vs KK , KK 3 28.65 vs 27.76 tn.
KK ,vsKK 4 26.59 vs 28.93 tn.

Description: tn sign: not real

Table 4. Number of Leaves of Oil Palm Seedlings ( Pre-Nursery ) with Treatment of Straw Liquid Waste LOF and Goat

Pen LOF in the Wick System Hydroponic Method

Age Number of Leaves

Treatment 2MST ZMST 6 MST 8MST 10 MST 2 MST
................................... (Strands). . ...cooceeeveenneeenieneeee
K, 117 1.92 2.42 3.08 3.75 458
L, 1 1.92 233 267 3.33 45
L, 0.75 1.17 233 267 35 4.42
Lis 0.75 15 2.08 2.92 3.42 45
KK , 1.25 1.83 217 3.25 3.75 4.83
KK, 0.83 158 2.25 2.75 3.42 4.08
KK & 0.58 158 2.42 2.92 3.17 433
Information tn. * tn. tn. tn. tn.

Note: * sign indicates significant difference, tn: not significant

Based on Table 4, the provision of liquid organic
fertilizer (LOF) derived from goat manure and straw waste
had a significant effect on the number of leaves of oil palm
seedlings in the prenursery phase, especially at 4 Weeks
After Planting (WAP) in the wick hydroponic system.
Meanwhile, at the ages of 2, 6, 8, 10, and 12 WAP, the
provision of LOF did not significantly affect the number of
leaves in oil palm seedlings. Furthermore, the results of the
orthogonal analysis of the number of leaves at the age of 4
WAP are presented in Table 5.

Based on Table 5, the results of the orthogonal test on
the number of leaves of oil palm seedlings aged 12 weeks
after planting show that the number of leaves of oil palm
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seedlings aged 12 weeks after planting is in the range of
4.42-4.58 and is not statistically significantly different
between fertilizer treatments. This average value is
relatively comparable to the results of research by Siregar
et al. (2015) which reported that the number of leaves of oil
palm seedlings aged 12 weeks after planting is between
4.5-5.0, with an average difference of around 0.4-0.6 (£8-
12%).

Similarly, research by Nasution and Lubis (2018)
reported that applying liquid organic fertilizer and
inorganic fertilizer during the early seedling phase resulted
in a leaf count of approximately 4.6 leaves, a quantitative
difference of only 0.02-0.18 leaves compared to the highest
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yield in this study (4.58 leaves). This relatively small
difference indicates that leaf growth responses during the
12-week post-planting phase tend to be stable and less
responsive to variations in fertilizer type and dosage.

The lack of significant differences between treatment
levels (LJ; —LJ; and KK; — KK ; )isalso in line
with the findings of Putri et al. (2020), who stated that

Page 499 of 503

increasing fertilizer doses in the early stages of oil palm
nursery growth does not always significantly increase leaf
number because genetic factors and the physiological phase
of the plant more influence leaf growth. Thus, the results of
this study, both quantitatively and statistically, confirm that
increasing fertilizer doses has not provided significant
benefits for leaf formation at 12 weeks after planting.

Table 5. Results of Orthogonal Test on the Number of Leaves of Oil Palm Seedlings ( Pre-Nursery ) with Treatment of
Liquid Straw Waste LOF and Goat Pen LOF in the Wick System Hydroponic Method

Average Value (strand)

Contrast 2 MST Information
K gvs LI+KK 458 vs 4.44 tn.
LJvs KK 4.47 vs 4.42 tn.
LJ,vsLI,L); 450 vs 4.46 tn.
LJ,vs LI3 4.42 vs 4.50 tn.
KK ;vs KK , KK 3 4.83vs4.21 tn.
KK ,vsKK 3 4.08 vs 4.33 tn.

Description: tn sign: not real

3.3. Diameter of the Stem Circumference

Data on the circumference diameter of plant stems
treated with liquid straw waste LOF and goat manure LOF
were observed at 2, 4, 6, 8, 10, and 12 weeks after planting
(WAP). These observations were accompanied by analysis
of variance to determine the effect of the treatment on the

observed parameters. All observation data and complete
analysis are presented in Appendices 27 to 38. Based on the
analysis results, a non-factorial Completely Randomized
Design (CRD) was used for each treatment. The results of
the analysis are briefly shown in Table 6.

Table 6. Diameter of Oil Palm Seedling Stem Circumference ( Pre-Nursery ) with Straw Liquid Waste LOF and Goat Pen

LOF Treatment in the Wick System Hydroponic Method

Age of Stem Circumference Diameter

Treatment

2 MST 4 MST 6 MST 8 MST 10 MST 12 MST
.................................... (MM). i,

Ko 3.83 5.23 6.43 7.2 8.48 10.61
LJ, 4.3 4.99 5.8 7.19 7.96 9.95
LJ, 4.03 4.61 5.12 6.53 7.15 10.03
LJ 3 3.75 4,75 5.61 6.74 7.58 9.81
KK 1 3.88 4,79 5.48 6.81 7.94 10.17
KK, 3.98 4.7 5.8 6.37 7.43 9.7

KK ;3 3.99 4,73 5.24 6.37 7.35 9.71
Information tn. tn. * tn. tn. tn.

Based on Table 6, the provision of LOF derived from
goat manure and straw waste has a significant effect on the
diameter of the stem circumference of oil palm seedlings in
the pre-nursery phase, especially at the age of 6 Weeks
After Planting (MST) in the wick hydroponic system, while
at the age of 2, 4, 8, 10 and 12 MST the effect given is not
significant. Furthermore, the results of the orthogonal
analysis of stem circumference diameter at 10 MST are
presented in Table 7.

Quantitatively, these results align with research by
Siregar et al. (2016), who reported that the stem diameter of
pre-nursery-phase oil palm seedlings at 6-8 weeks after
planting ranged from 5.5-6.8 mm, with a significant
response to initial nutrient availability. The difference in
stem diameter values in this study was relatively small,
around 0.1-0.7 mm, indicating that stem growth patterns in
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the early phase tended to be uniform and were strongly
influenced by readily available nutrients.

Research by Nasution et al. (2019) also reported that
applying liquid organic fertilizer to oil palm nurseries
increased stem diameter by 8-15% compared with
unfertilized controls, but this effect was only evident during
the early growth phase. This pattern is consistent with the
results of this study, in which the difference in stem
diameter was significant only at 6 weeks after planting and
did not persist until 12 weeks after planting. This indicates
that, quantitatively, the effectiveness of liquid organic
fertilizer in increasing stem diameter is temporary and is
more pronounced in the early phase of stem tissue
formation.

Based on Table 7, the results of the orthogonal test on
the stem circumference diameter of oil palm seedlings aged
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12 weeks after planting showed that the treatments did not
provide significant differences. The control treatment (KO0)
showed the highest stem circumference diameter growth,
with an average of 10.61 mm, compared to the LOF
treatment (LJ + KK), which had an average of 9.89 mm.
Similarly, the comparison of LJ vs. KK showed no
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significant effect, with LJ producing an average of 9.93
mm and KK producing 9.86 mm. In contrast, comparisons
between treatment levels, such as LJ 1 vs. LJ 2 and LJ 3, as
well as KK 1 vs. KK 2 and KK 3, did not show significant
differences.

Table 7. Results of Orthogonal Test of the Circumference Diameter of Oil Palm Seedling Stems ( Pre-Nursery ) with
Treatment of Straw Liquid Waste LOF and Goat Pen LOF in the Wick System Hydroponic Method

Average Value (mm)

Contrast 2 MST Information
Kovs LI+KK 10.61 vs 9.89 tn.
LJ vs KK 9.93 vs 9.86 tn.
LI,vsLI,L), 9.95 vs 9.92 tn.
LI,vs LI, 10.03 vs 9.81 tn.
KK ;vs KK ,KK ; 10.17 vs 9.70 tn.
KK ,vs KK 5 9.70vs 9.71 tn.

Description: tn sign: not real

3.4. Leaf Width

Data on leaf width with the treatment of liquid straw
waste LOF and goat pen LOF aged 2, 4, 6, 8, 10 and 12
MST, along with the analysis of variance, can be seen in

Appendices 39-50. Based on the analysis of variance
results for a non-factorial Completely Randomized Design
(CRD), Table 8 shows.

Table 8. Leaf Width of Oil Palm Seedlings ( Pre-Nursery ) with Treatment of Straw Liquid Waste LOF and Goat Pen

LOF in the Wick System Hydroponic Method

Leaf Width Age

Treatment 2MST AMST 6 MST 8 MST 0 MST 12 MST
.................................... (5310 ) TR

Ko 1.93 3.2 358 417 4.68 5.55
L, 1.98 3.29 3.8 4.25 4.48 5.08
L, 1.78 2.97 3.22 3.72 4.18 4.85
LJ, 1.88 2.95 3.18 3.65 417 479
KK , 1.9 3.13 3.41 3.9 4.18 4.93
KK, 1.95 3.18 351 3.9 423 481
KK 5 1.65 3.08 3.49 3.99 43 481
Information tn. * * * tn. *

Note: * sign indicates significant difference, tn: not significant

Based on Table 8, the provision of liquid organic
fertilizer (LOF) derived from goat manure and straw waste
had a significant effect on the leaf width of oil palm
seedlings in the pre-nursery phase, especially at the
observation of the ages of 4, 6, 8, 10, and 12 Weeks After

Planting (WAP) in the wick hydroponic system, while at
the age of 2 WAP did not show a significant effect.
Furthermore, the results of the orthogonal analysis of leaf
width at the age of 6 WAP are presented in Table 9.

Table 9. Results of Orthogonal Test of Leaf Width of Oil Palm Seedlings ( Pre-Nursery ) with Treatment of Liquid Straw
Waste LOF and Goat Pen LOF in the Wick System Hydroponic Method

Average Value (cm)

Contrast 12 MST Information
K ovs LI+KK 5.55vs 4.88 *
LJ vs KK 491 vs 4.85 tn.
LI, vsLI,L)3 5.08 vs 4.82 tn.
LJ,vs LI, 4.85vs 4.79 tn.
KK ;vs KK ;KK 3 4.93vs 4.81 tn.
KK ,vsKK 3 4.81vs4.81 tn.

Note: * sign indicates significant difference, tn: not significant

Based on Table 9, the results of the orthogonal test on
the leaf width of oil palm seedlings aged 12 weeks after
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planting showed a significant difference. The control
treatment (KO) differed significantly from the combination
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of straw waste LOF and goat manure LOF (LJ+KK), with
average leaf widths of 5.55 cm and 4.88 cm, respectively.
However, comparisons between LJ and KK, or between the
dose levels of LJ 2 and LJ 3 and KK 1 and KK 2 and KK 3,
did not show a significant effect.

Quantitatively, these results align with research by
Siregar et al. (2016), which reported that the leaf width of
pre-nursery oil palm seedlings at 10-12 weeks after
planting ranged from 5.2 to 6.0 cm in the complete
inorganic nutrient treatment. Compared with the results of
this study, leaf width in the control treatment differed by
only approximately 0.45-0.05 cm, indicating a consistent
leaf growth pattern in the pre-nursery phase.

3.5. Pre-Nursery  Oil Palm  Seedlings between
Treatments of AB Mix with Goat Pen LOF and
Straw Waste LOF
The addition of goat manure LOF and straw waste

LOF did not provide a significant synergistic effect,
possibly due to limited availability of macro- and micro-
nutrients and the slower release of elements in the LOF, so
it did not provide a significant additional contribution to the
initial growth of oil palm seedlings. This finding aligns
with the research of Ramadhan et al. (2025), who stated
that hydroponic nutrients must contain all essential
nutrients to support vegetative growth, underscoring the
importance of a well-formulated nutrient regimen for
successful vegetative growth in the pre-nursery phase.

The difference in treatment is also reflected in the daily
changes in PPM values. A decrease in PPM indicates
intensive nutrient uptake by plants, while stagnation or an
increase in PPM indicates solution saturation. These
concentration changes are influenced by nutrient absorption
and water evaporation in the hydroponic system. Nutrient
content analysis shows that the LOC contains 0.002 N;
0.003-0.005 P; and 0.004-0.02 K. The lower nitrogen (N)
content in the straw waste LOC compared to the goat
manure LOC is thought to be the cause of the lower growth
in these treatments. This aligns with the opinion of
Sulistianingtyas and Kurnia (2025), who stated that optimal
nutrient concentrations are crucial for maintaining a
balance  between nutrient availability and plant
physiological needs. Nutrient deficiencies can reduce
photosynthesis, inhibit root growth, and impede tissue
formation, while excess nutrients can cause osmaotic stress
that disrupts ion balance and reduces growth rate.

The addition of goat manure fertilizer and straw
waste fertilizer actually inhibits leaf area growth. This is
thought to be due to inappropriate concentrations and
excessively high levels of salt or dissolved nutrients, which
increase osmotic pressure around the roots and inhibit
water and nutrient absorption. Furthermore, incomplete
fermentation in fertilizer can produce phytotoxic
compounds, such as ammonia or organic acids, that
negatively impact plant metabolism. An imbalance in the
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ratio of macro- and micro-nutrients in fertilizer can also
trigger competition between elements, preventing some
essential nutrients from being optimally absorbed by plants.
As a result, leaf tissue growth is inhibited, photosynthesis
decreases, and plant development is suboptimal.

Research by Nastiti and Asngad (2024) also
confirmed that inappropriate concentrations of LOF can
inhibit plant growth. The use of AB Mix in hydroponic
systems has been proven effective in supporting vegetative
growth, including increasing leaf width, because its
separate composition between Mix A and Mix B prevents
the formation of deposits that can inhibit nutrient
absorption (Romiyadi et al ., 2025). Research by Romiyadi
et al. (2025) reported that the use of AB Mix nutrients in
hydroponic systems can increase plant leaf area by 15-25%
compared to liquid organic fertilizers, due to their more
stable composition of macro- and micro-nutrients and
minimal sediment formation. This increase is in line with
the difference in leaf width between AB Mix and LOF
treatments in this study, which ranged from 12-14%,
indicating that quantitatively AB Mix is more effective in
supporting vegetative growth, especially leaf expansion, in
the pre-nursery phase of oil palm.

The results of this study indicate that the goat manure
LOF and straw waste LOF treatments resulted in lower leaf
area/width, ranging from 4.79-4.88 cm, compared to the
inorganic nutrient treatment (AB Mix), which reached 5.55
cm at 12 WAP. Quantitatively, the decrease in leaf width
due to LOF administration was approximately 0.67-0.76
cm, or 12-14% lower than the control treatment, indicating
inhibited leaf tissue expansion.

This finding aligns with research by Nastiti and
Asngad (2024), who reported that application of organic
fertilizer (LOF) at an inappropriate concentration reduced
plant leaf area by 10-20% compared to inorganic nutrient
treatments. This percentage decrease is comparable to the
results of this study, which showed a decrease in leaf width
of 12-14%, thereby quantitatively supporting the
hypothesis that osmotic pressure and nutrient imbalance in
LOF inhibit leaf growth.

3.6. Pre-Nursery Oil Palm Seedlings with Goat Manure

Fertilizer and Straw Waste Fertilizer

The lower nitrogen content in straw waste compared to
goat manure LOF is thought to be the cause of reduced leaf
growth, which subsequently affects chlorophyll levels
across several LJ treatments. This condition is consistent
with the statement by Putri and Asngad (2024) that
nitrogen (N) plays a very important role in leaf formation
and development. Nitrogen deficiency causes leaves to be
paler or yellow and inhibits leaf growth, while adequate
nitrogen availability can stimulate cell division and
elongation, thereby increasing the number of leaves formed.

Optimal nitrogen availability not only promotes leaf
expansion but also increases chlorophyll content, which
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supports photosynthesis more efficiently. Research by
Nurdin et al. (2025) shows that high nitrogen absorption
directly  increases  chlorophyll levels,  enabling
photosynthesis to run more optimally and resulting in
biomass accumulation, reflected in increased leaf size and
quality. According to Huesesan et al. (2025), high or low
fertilizer concentrations can affect the metabolic processes
and growth of oil palms. Phosphorus (P) deficiency, for
example, can inhibit the processes of respiration,
photosynthesis, and cell division that are involved in root
elongation. Potassium deficiency has been reported to
inhibit carbohydrate accumulation, decrease starch content,
disrupt nitrogen metabolism, and inhibit enzyme activity,
thereby impacting the growth of roots and other vegetative
parts (Fakhrorrozi and Fathurrahman, 2023).

The application of LOF tends to yield higher values
than the control or treatment at low concentrations. This
indicates that the optimal concentration supports plant
growth, especially by providing potassium (K) nutrients.
Potassium plays an important role in supporting
photosynthesis and plant metabolism, as well as increasing
the canopy's dry and wet weight. This is in line with the
statement of Sasami et al. (2025), who stated that
potassium content can increase the dry and wet weight of
the plant canopy because it functions as an osmoregulatory
regulator, an enzyme activator, and a support for
carbohydrate formation. Furthermore, according to Taulabi
et al. (2024), the water and nutrient content in the AB mix
solution used in the hydroponic medium was optimal,
resulting in no significant differences in plant fresh weight
between treatments. This indicates that water content plays
a dominant role in determining plant fresh weight because
it maintains cell turgidity, which enables leaf enlargement.
Thus, although the application of LOF did not have a
significant effect on root dry weight, the availability of
water and nutrients from the hydroponic medium remains a
major determinant of the growth and development of oil
palm seedlings.

This finding is consistent with research by Nurdin et al.

(2025), which reported that increased nitrogen uptake can
increase leaf chlorophyll content by 15-25%, thereby
increasing photosynthesis and plant biomass accumulation.
This percentage increase is comparable to the trend of
increasing leaf size and quality observed in this study, thus
demonstrating the consistency of plant physiological
responses to nitrogen availability. Furthermore, research by
Sasami et al. (2025) found that increasing potassium
availability can increase dry weight and wet weight of plant
shoots by 12-22%, respectively, through its role in
osmoregulation and enzyme activation. These results are
quantitatively consistent with this study, in which
treatments with optimal LOF concentrations showed
relatively higher shoot weights than control or low-dose
treatments, although not always statistically significant.
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3.7. Differences in the Growth of Pre-Nursery Oil Palm
Seedlings Against the Concentration Given for
Straw Waste LOF Treatment
Adequate and balanced nutrient availability is a key

factor in determining successful vegetative growth.

According to Sipayung et al. (2025), meeting macro- and

micronutrient requirements promotes better plant organ

formation, including leaf expansion, which plays a crucial
role in photosynthesis and ultimately influences leaf
chlorophyll content.

Excessive doses disrupt nutrient absorption, leading to
suboptimal plant metabolism. This aligns with Saputra and
Sembiring (2025), who found that nitrogen availability
significantly influences photosynthetic surface area, leaf
number, and chlorophyll content. Furthermore, according
to Nasution et al. (2025), goat manure fertilizer also
contains natural hormones that play a role in the formation
of plant organ tissue, stimulate root and shoot growth, and
enhance plant nutrient absorption.

3.8. Differences in the Growth of Pre-Nursery Oil Palm
Seedlings on the Concentration of Given Goat
Manure LOF Treatment
The availability of nutrients is a major factor in

stimulating plant growth, such as nitrogen and other
nutrients such as phosphorus (P), potassium (K),
magnesium (Mg), and microelements such as manganese
(Mn) and iron (Fe), which also play a role in the synthesis
and stability of photosynthetic pigments. According to
Mustafa and Rahmawati (2025), the availability of
balanced nutrients and the stimulation of growth hormones
from LOF can increase photosynthetic efficiency, improve
leaf morphological quality, and support total chlorophyll
accumulation. Higher chlorophyll content will enhance
photosynthetic activity, ultimately providing energy and
carbohydrate reserves for the vegetative growth of oil palm
seedlings. A goat manure LOF concentration of 400 ppm
can be recommended as the optimal concentration for
supporting seedling performance in the pre-nursery phase
in a wick hydroponic system.

4. Conclusion
The results of this study demonstrate the superiority of

using AB Mix nutrients in a wick hydroponic system
because it can provide the optimal vegetative growth of oil
palm seedlings in the pre-nursery phase compared to the
use of goat manure LOF or straw waste LOF, especially in
the parameters of plant height, leaf width, and chlorophyll
content. However, goat manure LOF at 400 ppm and straw
waste LOF at 800 ppm still show potential as alternative
nutrient sources that are more environmentally friendly,
with relatively stable growth, especially in supporting
chlorophyll formation and early vegetative growth.
Therefore, the results of this study recommend the use of
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AB Mix for oil palm nurseries that are oriented towards
fast and uniform growth, while goat manure LOF and straw
waste LOF can be used as alternative supporting nutrients
or partial substitutions in sustainable nursery systems,
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