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Introduction

Abstract: The productivity of okra (Abelmoschus esculentus L.) can be
improved through the utilization of locally available organic materials, such
as a combination of liquid organic fertilizer (LOF) derived from Leucaena
leucocephala leaves and rice husk ash. This research aimed to evaluate the
effects of the combination of these two organic inputs on the growth and
chlorophyll content of okra plants. The experiment employed a factorial
Completely Randomized Design (CRD) 4x4 with two factors: concentration
of Leucaena-based LOF (0%, 10%, 20%, and 30%) and dosage of rice husk
ash (0%, 5%, 10%, and 15%), each with three replications. Observed
parameters included plant height, fresh weight, and total chlorophyll
content. The results showed that the LOF treatment, rice husk ash treatment,
and their interaction had significant effects (p < 0.05) on all three parameters.
The combination of 30% LOF and 15% rice husk ash (A3B3) produced the
highest values for plant height (62.53 cm), fresh weight (158.93 g), and total
chlorophyll content (25.72 mg/L). These findings indicate that the combined
application of LOF and rice husk ash can effectively enhance physiological
efficiency and vegetative growth in okra plants.

Keywords: Chlorophyll; Lamtoro; Liquid organic fertilizer; Okra; Rice husk
ash

growth and physiological functions (Nooraminah et al.,
2023; Panjaitan et al., 2023; Mendrofa & Gulo, 2024).

Okra (Abelmoschus esculentus L.) is a high-value
horticultural commodity that is gaining popularity due
to its nutritional benefits, including antioxidant,
antidiabetic,c and cholesterol-lowering properties
(Elkhalifa et al., 2021; Salsabila et al., 2023). Its rich
nutritional profile positions okra as a promising
candidate for functional food development. Despite the
increasing demand, okra productivity in Indonesia
remains relatively low (Fuskhah et al., 2022; Haryanta et
al., 2024; Rian et al., 2024). One contributing factor is the
decline in soil fertility caused by excessive use of
inorganic fertilizers, which disrupts nutrient balance
and soil microbial activity, ultimately affecting plant

How to Cite:

The application of liquid organic fertilizer (LOF)
offers a sustainable approach to enhancing agricultural
productivity, as it can improve soil physical, chemical,
and biological properties while supplying nutrients in a
gradual and environmentally friendly manner
(Asmawanti S et al., 2022; Waruwu et al., 2024). One
potential local material for LOF production is Leucaena
leucocephala (lamtoro) leaves, which are known to
contain essential macronutrients such as nitrogen (N),
phosphorus (P), potassium (K), and magnesium (Mg)
(Thamaga et al., 2021; Ramadhan & Sabli, 2024). These
elements play critical roles in plant development:
nitrogen is essential for protein synthesis and tissue
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formation; phosphorus is involved in energy transfer
and root development; potassium regulates osmotic
balance and enzyme activation; and magnesium, as a
core component of the chlorophyll molecule, is directly
involved in photosynthesis (Albari, 2018; Virgiawan et
al.,, 2023; Anwar et al., 2025). According to Ramadhan et
al. (2024) and Pane et al. (2024), Leucaena leaves contain
approximately 3.48% nitrogen, 0.2% phosphorus, 2.06%
potassium, and 0.33% magnesium. However, the
relatively low phosphorus content may be a limiting
factor, as phosphorus is vital for root formation and
energy metabolism in plants. To address this limitation,
rice husk ash, which is rich in silica and potassium, can
be used as a complementary soil amendment. Silica not
only improves soil structure and enhances phosphorus
uptake efficiency but also strengthens plant tissues
against abiotic stress. Rice husk ash typically contains
87-97% silica and 1-5% potassium (Franga et al., 2017;
Al-Rubie et al., 2024).

The nitrogen and magnesium supplied by
Leucaena-based LOF, along with the silica from rice
husk ash, are known to play crucial roles in chlorophyll
synthesis —the primary photosynthetic pigment in
plants. Chlorophyll is vital for the photosynthesis
process, which provides the energy necessary for plant
growth and development (Mandal & Dutta, 2020;
Ardani & Sujalu, 2019). Consequently, increasing
chlorophyll content directly enhances the plant’s
capacity to produce biomass, such as plant height and
fresh weight. In other words, chlorophyll not only
reflects the physiological status of the plant but also
serves as a prerequisite for optimal growth (Kalaji et al.,
2016; R. Zhang et al., 2022; Sumardiharta & Ardi, 2001).

However, although the individual benefits of these
organic materials have been previously studied,
research integrating the combined use of Leucaena-
based LOF and rice husk ash — particularly in relation to
their effects on chlorophyll content and okra plant
growth—remains limited. Moreover, few studies have
emphasized the interconnection between physiological
enhancement  via  chlorophyll  content and
morphological responses through growth indicators.

Therefore, this research aims to evaluate the effects
of Leucaena-based liquid organic fertilizer and rice husk
ash, both individually and in combination, on the
growth and chlorophyll content of okra plants. This
research is expected to fill the knowledge gap regarding
the synergy between biologically and mineral-based
organic fertilizers on two major aspects of plant
performance in an integrated manner and to serve as a
reference for developing sustainable, locally based
horticultural cultivation practices.
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Location and Time of Research

This research was conducted from February to May
2025. The preparation of the liquid organic fertilizer
(LOF) was carried out in Deah Raya Village, Syiah Kuala
Subdistrict, Banda Aceh City. The experimental
treatments on okra plants were conducted in
Lamgapang Village, Krueng Barona Jaya Subdistrict,
Aceh Besar District.

Experimental Design

The experiment employed a factorial Completely
Randomized Design (CRD) with a 4x4 arrangement,
consisting of two treatment factors. The first factor was
the concentration of Leucaena leaf-based LOF:

* A0 =0% (control, 1000 mL water)

* A1=10% (100 mL LOF + 900 mL water)

* A2=20% (200 mL LOF + 800 mL water)

* A3 =30% (300 mL LOF + 700 mL water)

The second factor was the dosage of rice husk ash:
* BO=0% (4000 g of soil)

* B1=>5% (200 g rice husk ash + 3800 g soil)

* B2=10% (400 g rice husk ash + 3600 g soil)

* B3 =15% (600 g rice husk ash + 3400 g soil)

Each treatment combination was replicated three
times, resulting in a total of 48 experimental units. The
test plant used was okra (Abelmoschus esculentus L.),
F1 Greenie variety, grown in polybags filled with
homogeneous soil media.

Preparation of Leucaena Leaf Liquid Organic Fertilizer

A total of 2.5 kg of fresh Leucaena leaves were
blended and mixed with 5 L of water, 250 mL of
molasses, 250 mL of EM4 (Effective Microorganisms-4),
and 1 L of rice washing water. The mixture was
fermented in a sealed container for 28 days. After
fermentation, the liquid was filtered and used according
to the treatment concentrations.

Preparation of Rice Husk Ash

Rice husk ash was produced by burning the husks
in a perforated cylindrical metal drum. The husks were
inserted and burned using a chimney system to
minimize smoke and control combustion temperature.
Once the husks uniformly turned black, the process was
halted by dousing with water for cooling.

Planting and Maintenance
Okra seeds were soaked for 12 hours prior to direct
sowing in polybags at a depth of approximately 3 cm,
with one seed per hole. Plants were watered daily at
4:00-5:00 PM (WIB, Western Indonesian Time). Weeding
was performed manually. Harvesting was conducted at
80 days after planting (DAP).
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Treatment Application

The LOF treatments were applied via soil
drenching starting from 14 DAP, with a 10-day interval
between applications. The total application volume was
kept consistent across all units. Rice husk ash was
applied once, 7 days after planting, by broadcasting onto
the soil surface according to the respective dosage.

Observed Parameters
The parameters measured in this research included:

* Plant height (cm): measured from the soil surface to
the apical growth point every 10 days until the final
observation.

* Fresh plant weight (g): total biomass weight recorded
at the end of the vegetative phase (80 DAP).

* Total chlorophyll content (mg/L):
through spectrophotometric analysis.

determined

Chlorophyll Content Analysis
A total of 0.5 grams of fresh okra leaves from each
experimental unit were extracted using 25 mL of 95%
ethanol and filtered. The filtrate was then measured
using a Spectronic 20D+ spectrophotometer at
wavelengths of 649 nm and 665 nm. Chlorophyll content
was calculated based on the method of Wintermans and
De Mots using the following equations:
* Chlorophyll a (mg/L) = (13.7 x ODges) - (5.76 %
ODeso)
* Chlorophyll b (mg/L) = (25.8 x ODg4e) - (7.7 %
ODése6s)
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* Total chlorophyll (mg/L) = (20 X ODg4o) + (6.1 X
ODsss)

Data Analysis

The data for plant height, fresh plant weight, and
total chlorophyll content were analyzed using two-way
Analysis of Variance (ANOVA) at a 5% significance level
to determine the effects of Leucaena leaf LOF, rice husk
ash, and their interaction.

Result and Discussion

Plant Height

The application of Leucaena-based liquid organic
fertilizer (LOF), rice husk ash, and their interaction had
a significant effect on the plant height of okra (p < 0.05).
The treatment combination A3B3 (30% LOF and 15% rice
husk ash) resulted in the tallest plants, reaching an
average height of 62,53 cm, while the control treatment
(AOBO) produced the shortest plants, with an average
height of 22,78 cm (Table 1). The interaction graph in
Figure 1a illustrates that increasing the LOF
concentration from 0% to 30% tended to result in
increased plant height, particularly when combined
with 10% and 15% rice husk ash. At lower ash dosages
(0-5%), the increase in plant height was less pronounced
compared to higher ash levels. This pattern suggests that
the plant response to LOF becomes more optimal when
supported by an adequate amount of rice husk ash.

Table 1. Mean Value of Plant Height, Fresh Weight, and Chlorophyll Content of Okra Under Various Combinations

of Lamtoro Liquid Organic Fertilizer and Rice Hush Ash

Treatments Combinations Plant Height (cm) Fresh Weight (g) Chlorophyll Content (mg/L)
AO0BO 22.78 31.93 17.46
AO0B1 24.16 44.80 19.13
A0B2 25.59 52.77 20.13
A0OB3 34.39 65.57 20.56
A1BO 27.54 60.80 20.54
A1B1 36.46 68.50 20.95
A1B2 37.72 72.20 21.69
A1B3 44.95 87.90 22.39
A2B0 40.72 75.93 21.83
A2B1 47.30 93.60 22.56
A2B2 48.64 116.20 2281
A2B3 56.33 121.53 23.33
A3B0 42.74 81.50 21.95
A3B1 58.42 123.80 24.05
A3B2 60.52 135.77 24.93
A3B3 62.53 158.93 25.72
Fresh Plant Weight AOBO treatment showed the lowest value at 31.93 g

The application of Leucaena LOF, rice husk ash,
and their interaction also significantly affected the fresh
weight of okra plants (p < 0.05). The A3B3 treatment
yielded the highest fresh weight at 158.93 g, while the

(Table 1). The interaction plot in Figure 1b displays a
consistent increase in fresh weight with increasing LOF
concentration, particularly at 10% and 15% rice husk ash
dosages. These results indicate that the combination of
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biologically based organic input (LOF) and mineral
input (ash) exerts an accumulative effect on the increase
in fresh biomass.

Total Chlorophyll Content

Total chlorophyll content was also significantly
influenced by both the individual treatments and the
interaction between LOF and rice husk ash (p < 0.05).
The highest total chlorophyll content was observed in
the A3B3 treatment (25.72 mg/L), whereas the lowest
was recorded in the control treatment AOBO (17.46
mg/L) (Table 1). The interaction graph in Figure 1c
shows a positive correlation between increasing LOF
concentration and total chlorophyll content, particularly
when combined with >10% rice husk ash. The upward
trend of the graph across treatment combinations
suggests a sustained enhancement of chlorophyll
synthesis, with no apparent saturation point, indicating
that the combined application of these two materials
consistently supports chlorophyll formation.

A summary of observational data on three primary
parameters- plan height, fresh weight, and total
chlorophyll content of okra- under various combinations
of treatments is presented in Table 1. Visual
representations of each parameter are separately
illustrated in Figure 1a, 1b, and 1c.

The findings of this research demonstrate that the
combined application of Leucaena-based liquid organic
fertilizer (LOF) and rice husk ash had a significant effect
on the plant height, fresh weight, and total chlorophyll
content of okra plants. These three parameters are
interrelated and function as components of the plant’s
integrated physiological system. The increase in
chlorophyll content, as a key physiological indicator,
reflects enhanced photosynthetic efficiency, which
ultimately leads to greater energy production and the
synthesis of organic compounds necessary to support
morphological growth, including plant height and
biomass accumulation.

Chlorophyll is a critical pigment in the
photosynthesis process, and its synthesis is strongly
influenced by the availability of nitrogen and
magnesium. Nitrogen plays a role in the synthesis of
proteins and enzymes involved in chloroplast
formation, while magnesium serves as the central atom
in the chlorophyll molecule structure (Xie et al., 2024;
Benchasri, 2012). Both elements are present in Leucaena
leaf LOF (Parna et al., 2025; Idawati, 2012), making its
application a potential means to enhance chlorophyll
content in plants. The increase in chlorophyll levels due
to LOF application allows plants to capture light more
efficiently and enhances the rate of photosynthesis.
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Figure 1. Effects of combined treatments of lamtoro liquid
organic fertilizer and rice husk ash on (a) plant height, (b)
fresh weight, and (c) chlorophyll content

Efficient photosynthesis leads to the production of
a greater quantity of assimilates, such as sugars and
other carbon compounds, which are then transported
through the phloem to actively growing organs like
stems and leaves (X. Zhang et al., 2022; Naz et al., 2012).
This process explains the observed increase in plant
height in the highest treatment combination (A3B3). The
potassium content in LOF facilitates the translocation of
photosynthetic products to the apical meristems by
maintaining osmotic pressure and regulating stomatal
opening (Sardans & Pefiuelas, 2021; Naritatih et al,,
2013). Meanwhile, rice husk ash complements the
nutrient content of LOF, particularly by supplying
phosphorus, which is essential for ATP synthesis as a
source of metabolic energy (Mosharrof et al., 2021; Ali et
al., 2013; Wibowo et al., 2012). Additionally, the silica in
rice husk ash contributes to the strengthening of cell
walls and leaf tissues, and it enhances the uptake

490



Jurnal Penelitian Pendidikan IPA (JPPIPA)

efficiency of other essential nutrients (Murniati &
Bimasri, 2022; Jiang et al., 2017).

The relationship between increased chlorophyll
content and plant growth is not linear, but rather
mutually reinforcing. Higher chlorophyll levels promote
optimal photosynthesis, which in turn increases
assimilate production that is distributed throughout the
plant to support organ development, including
morphological growth such as plant height and fresh
weight (Widyawati et al., 2023; Ramdani et al., 2024;
Purba et al., 2021). Fresh plant weight reflects biomass
accumulation derived from photosynthetic products
along with water and nutrient absorption from the soil
(Sania et al., 2025; Fageria et al., 2009). The increase in
fresh weight observed in the combination treatments
indicates that the plant’s metabolic system functioned
more efficiently due to the balanced nutrient availability
provided by both organic materials.

In conclusion, the observed increases in plant
height, fresh weight, and chlorophyll content are the
result of physiological and morphological responses to
optimal nutrient conditions. The combination of
Leucaena LOF and rice husk ash functions
synergistically as an integrated fertilization system.
Leucaena LOF supplies nitrogen, potassium, and
magnesium, supporting tissue formation and
photosynthetic activity, while rice husk ash contributes
silica and phosphorus, promoting metabolic energy
production and tissue reinforcement. This mutually
reinforcing interaction renders the A3B3 treatment
combination the most effective in enhancing the overall
performance of okra plants.

Conclusion

The combined application of Leucaena leaf liquid
organic fertilizer (LOF) and rice husk ash was proven to
significantly influence plant height, fresh weight, and
total chlorophyll content of okra plants. The best
treatment combination was achieved with 30% LOF and
15% rice husk ash (A3B3), which resulted in the most
optimal vegetative growth and physiological status of
the plants. These findings indicate that the synergy
between biologically derived and mineral nutrient
sources in the combined treatment can enhance
photosynthetic  efficiency and overall biomass
accumulation. Therefore, the use of Leucaena LOF and
rice husk ash represents an effective and sustainable
organic fertilization strategy for okra cultivation.
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