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Abstract. The overuse of synthetic AB mix fertilizers in hydroponic 
systems raises concerns over chemical residues and long-term health 
risks. Incorporating Liquid Organic Fertilizer (LOF) is a potential 
strategy to improve nutrient efficiency and enhance crop productivity. 
This study aimed to evaluate the application of LOF as a sustainable 
strategy to reduce AB mix dependency while maintaining crop growth 
and productivity. The experiment was arranged in a Completely Ran-
domized Design (CRD) with five treatments: P1 (100% AB mix/con-
trol), P2 (25% LOF + 75% AB mix), P3 (50% LOF + 50% AB mix), 
P4 (75% LOF + 25% AB mix), and P5 (100% LOF). Plant growth and 
yield parameters were analyzed using Analysis of Variance (ANOVA) 
followed by Duncan’s Multiple Range Test (DMRT). The combination 
of LOF and AB mix significantly affected (P<0.05) plant height, root 
fresh weight, leaf number, and shoot fresh weight, but had no signif-
icant effect (P>0.05) on root length. All combinations of LOF and 
AB mix, including the 100% AB mix treatment, yielded statistically 
similar results across all measured parameters. However, the treat-
ment with 75% LOF + 25% AB mix tended to produce the highest 
values, enhanced flavor, and did not reduce shelf life, whereas the 
100% LOF treatment resulted in the lowest performance. These find-
ings highlight the potential of LOF to substantially reduce synthetic 
input in hydroponic lettuce production, supporting more sustainable 
and health-conscious cultivation practices.
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INTRODUCTION

Fertilization remains a critical practice 
for farmers to ensure sufficient nutrient 
availability for cultivated crops. In vegetable 
production systems, growers predominantly 
rely on inorganic fertilizers due to their rapid 
nutrient release and ease of use. However, 
such fertilizers may leave harmful chemical 
residues, especially in leafy vegetables 
directly consumed by humans (Munthe et al., 
2018).

Hydroponics has emerged as a widely 
adopted cultivation method, particularly 
suitable for areas with limited land availability. 
In this system, AB mix is commonly used as 
the standard nutrient solution (Al Toriq et al., 
2025). Despite its effectiveness, the AB mix, 
composed of synthetic inorganic compounds, 
raises environmental and health concerns due 
to potential residual accumulation in plants 
and surrounding ecosystems (Husnaeni & 
Setiawati, 2018). To address these concerns, 
Liquid Organic Fertilizer (LOF), derived from 
organic materials, has been introduced as a 
safer and more environmentally sustainable 
alternative. LOF is free from harmful side 
effects and supports ecological balance in 
crop production systems. Integrating LOF 
into nutrient regimes is expected to reduce 
the reliance on synthetic fertilizers, thus 
promoting more efficient and sustainable 
fertilization practices (Marliah et al., 2012). 
Moreover, LOF has been reported to enhance 
the flavor and nutritional quality of leafy 
vegetables, such as mustard greens, increase 
resistance to pests and diseases, extend post-
harvest shelf life (Hairuddin & Mawardi, 
2017), and improve leaf chlorophyll content 
(Khoiriyah & Nugroho, 2018). Recent studies 
further support these benefits. Dasumiati et 
al. (2024) demonstrated that the application 
of LOF significantly impacted the growth 
and yield of kale in hydroponic systems, 
indicating potential for sustainable vegetable 
production. The liquid organic fertilizer 
(LOF) used in this study was Nasa LOF. Nasa 

LOF is produced from organic materials, such 
as livestock waste, poultry waste, and plant 
residues. It therefore contains macro- and 
micronutrients, fats, proteins, organic acids, 
and plant growth regulators, including auxins, 
gibberellins, and cytokinins. 

One of the easiest hydroponic systems 
to use is the wick system, which enables 
continuous delivery of water and nutrients 
without the need for electricity. This simplicity 
makes it particularly suitable for widespread 
use, including in low-resource settings. 
However, this system is considered passive 
because the nutrient solution flows into the 
growth medium from inside the container, 
assisted by a wick. Therefore, this system 
will only work optimally for small plants 
(Fitmawati et al., 2019). For this reason, it is 
particularly suitable for lettuce plants.

Green lettuce (Lactuca sativa L.) is 
a widely consumed vegetable commodity 
in Indonesia (Romalasari & Sobari, 2019), 
resulting in a continued increase in demand 
for green lettuce, which is linked to population 
growth and rising public awareness of nutrition 
(Ramadhanty et al., 2020). However, green 
lettuce production is declining due to limited 
land availability (Toriq, 2023). National data 
indicate a reduction in green lettuce yield 
from 41.11 tonnes in 2018 to 39.29 tonnes in 
2019 (Badan Pusat Statistik, 2019). Moreover, 
according to the Central Bureau of Statistics 
of DKI Jakarta Province (2021), domestic 
production remains insufficient to meet 
consumption needs, which average 35.30 kg 
per capita per year. Thus, cultivating green 
lettuce in a hydroponic wick system will 
help provide lettuce for households or hobby 
farmers.

Therefore, this study was conducted 
to determine the response of growth and 
production of green lettuce to the application 
of LOF in combination with AB mix, as well 
as to obtain the concentration of LOF that 
can reduce the reliance on AB mix in the 
hydroponic wick system. The results obtained 
are expected to serve as a reference for lettuce



Jurnal Biodjati 10(2): 293–303, November 2025 295

Jurnal Biodjati 10(2): 293–303, November 2025

http://journal.uinsgd.ac.id/index.php/biodjati

cultivation, reducing the use of inorganic 
fertilizers without compromising the quality 
of production in the hydroponic wick system.

MATERIALS AND METHODS

The research was conducted in the 
greenhouse of CV Hadid Indonesia Berkarya, 
located in Kampung Tengkolo, Gaga Village, 
Pakuhaji Subdistrict, Tangerang Regency, 
Banten, from January to April 2023. Green 
lettuce seeds (Var. LE 873 Kepmentan No. 
4175/Kpts/SR.120/11/2011) were used; 
meanwhile, the LOF used in this study was a 
commercially available product produced by 
NASA.

Research Design and Sample Collection
This study used a completely 

randomised design with five treatments, 
namely P1 (100% AB mix control), P2 (25% 
LOF + 75% AB mix), P3 (50% LOF + 50% 
AB mix), P4 (75% LOF + 25% AB mix), and 
P5 (100% LOF). Each treatment was repeated 
4 times. Each replicate consisted of four 
plants, resulting in a total of 80 experimental 
units.

Wick system hydroponic installation 
preparation, seeding, and planting

The hydroponic installation used 
consisted of 20 nutrient basins, each 
measuring 38×30×13 cm, and impermeable/
nutrient basin covers with four planting 
holes, approximately 5 cm in diameter and 
spaced 10 cm apart, resulting in a total of 80 
planting holes. A 2×50 cm flannel cloth was 
attached to the bottom of each netpot as a 
wick for nutrients. Plants were planted in a 
rockwool-based planting medium. Rockwool, 
measuring 3×3×3 cm, was placed in the 
seedling tray and watered with distilled water. 
Planting holes were made in the rockwool 
using sticks. Next, seeding was done.

Each hole in the rockwool planting 
media is filled with one lettuce seed, and 
during seeding, water is applied every 

morning (7:00-8:00) and afternoon (4:00-
5:00). Throughout this process, the planting 
media must be adequately watered until 12 
Days After Sowing (DAS). The seedlings 
can then be transplanted to the wick system 
hydroponic installation.

Seedlings are selected by choosing 
those with three leaves. The selected 
seedlings, along with the planting media, were 
transferred into a net pot and then inserted 
into the hole in the impervious board, which 
was placed in the wick system hydroponic 
tub. Each hydroponic tub contained four 
green lettuce seedlings.

Preparation of LOF and AB Mix Treatment 
Solutions

The Liquid Organic Fertilizer (LOF) 
used in this study was a commercial product 
known as LOF NASA, produced by PT.  
Natural Nusantara (NASA), Indonesia. 
This LOF is produced through a controlled 
anaerobic fermentation process that 
involves a mixture of organic raw materials, 
including livestock manure, poultry waste, 
and decomposed plant residues. During 
fermentation, beneficial microorganisms such 
as lactic acid bacteria and decomposers break 
down complex organic matter into simpler, 
plant-available compounds.

In the experiment, the LOF was applied 
in combination with an AB mix nutrient 
solution to investigate the effects of partial 
organic substitution on plant growth. The 
AB mix nutrient solution was prepared by 
separately diluting stock solutions A and 
B to avoid precipitation. Nutrient level 
measurements can be determined based on 
parts per million (ppm) using the TDS meter. 
In this study, all treatments were adjusted to 
the same nutrient concentration each week: 
500 ppm, 600 ppm, 700 ppm, and 800 ppm, 
while the doses of AB mix and LOF used to 
achieve these concentrations varied according 
to the treatment, referring to Zamani's 
research (2022) as follows:
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1.	 100% AB mix (control): 5 mL of stock 
solution A and 5 mL of stock solution B 
were added to 2000 mL of water, resulting 
in a nutrient concentration of 500 ppm.

2.	 25% LOF + 75% AB mix: 2.5 mL 
LOF, 3.75 mL of stock solution A, 
and 3.75 mL of stock solution B 
were added to 2000 mL of water.

3.	 50% LOF + 50% AB mix: 2.5 mL 
LOF, 2.5 mL of stock solution A, 
and 2.5 mL of stock solution B 
were added to 2000 mL of water.

4.	 75% LOF + 25% AB mix: 7.5 mL 
LOF, 1.25 mL of stock solution A, 
and 1.25 mL of stock solution B 
were added to 2000 mL of water.

5.	 100% LOF: 12 mL LOF was 
added to 2000 mL of water.

Application of LOF and AB Mix Treatment 
Solutions

The LOF fertilizer treatment solution 
and AB mix were added to 20 hydroponic 
containers according to the treatment code at 
3:30 p.m., and the TDS values were measured. 
For the initial transplanting stage of green 
lettuce, the nutrient concentration was set at 
500 ppm (Zahra et al., 2023). The nutrient 
concentration was subsequently increased 
in accordance with plant age, as the nutrient 
requirements of hydroponically grown green 
lettuce vary on a weekly basis (Senen et al., 
2022).

Maintenance and Harvesting of Green 
Lettuce Plants

Plant maintenance during the 
cultivation of green lettuce included stirring 
the nutrient solution twice daily, monitoring 
the nutrient concentration (ppm) using a 
TDS meter every two days, adjusting the 
nutrient concentration when it fell below the 
required level, manual inspection for pests 
and diseases, and insecticide application 
at 12, 21, and 28 Days After Transplanting 

(DAT). Regular monitoring of the hydroponic 
container cleanliness was also performed. 
All hydroponic containers were drained and 
cleaned of algae every five days until the 
plants were ready for harvest.

Green lettuce was harvested at 35 
DAT, when the plants had reached the 
appropriate leaf size for harvest. Harvesting 
was conducted by removing the plants along 
with the rockwool from the net pots. Post-
harvest observations included measurements 
of plant height, root length, fresh root weight, 
number of leaves, total fresh plant weight, 
and chlorophyll content.

Chlorophyll Content Analysis
Chlorophyll analysis was conducted by 

laboratory staff at the Testing Laboratory of the 
Department of Agronomy and Horticulture, 
Faculty of Agriculture, IPB University. The 
samples consisted of five fresh green lettuce 
leaves collected at 40 days after transplanting 
(DAT). Chlorophyll content was determined 
following the method of Sims & Gamon 
(2002) using a spectrophotometer at 
wavelengths of 537 nm, 647 nm, and 663 
nm. Total chlorophyll content was calculated 
using the formula: 

Total Chlorophyll = Chlorophyll a + Chlorophyll b

RESULTS AND DISCUSSION

Growth and Yield of Lettuce under 
Combined LOF and AB Mix Treatments

Lettuce growth generally follows 
three distinct phases: a slow growth phase 
at 7–14 Days After Transplanting (DAT), a 
linear growth phase from 21–35 DAT, and a 
senescence phase, which was not observed 
in this study due to the harvest occurring at 
35 DAT (Supiana et al., 2022). All treatments 
involving combinations of LOF and AB mix 
exhibited similar growth patterns throughout 
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the 35-day observation period. Plant height 
increased steadily each week, indicating 
consistent growth until harvest, although 
minimal growth was observed at 7 DAT. 
This early stagnation is associated with the 
plants’ recovery and acclimatization post-
transplanting, during which root systems are 
not yet fully active in nutrient uptake (Aroca 
et al., 2012).

As the plants matured, particularly 
between 21–35 DAT, root activity increased, 

enhancing nutrient absorption and 
subsequently stimulating the development 
of meristematic tissues (Senen et al., 2022). 
Among all treatments, P5 (100% LOF) 
consistently showed lower plant height and 
leaf number compared to the other treatments. 
Notably, the average number of leaves 
declined slightly at 21 DAT before increasing 
again by 35 DAT (Figure 1). This temporary 
reduction was attributed to the yellowing and 
senescence of basal leaves.

Figure 1.  Growth pattern of green lettuce from 7 to 35 Days After Transplanting (DAT) for plant height and 
		    leaf number under different treatments of Liquid Organic Fertilizer (LOF) and AB mix. P1 (100%

AB mix control); P2 (25% LOF + 75% AB mix); P3 (50% LOF + 50% AB mix); P4 (75% LOF +
25% AB mix); P5 (100% LOF) 

    
Lettuce was harvested by uprooting 

the entire plant, and the following production 
parameters were observed: plant height, root 
length, fresh root weight, number of leaves, 
and fresh plant weight. The combination of 
liquid organic fertilizer (LOF) and AB mix 
treatments significantly affected plant height, 
fresh root weight, leaf number, and fresh 
plant weight (P<0.05). However, there was no 
significant effect on root length (P>0.05). All 
treatments combining LOF and AB mix, as 
well as the 100% AB mix treatment, produced 
similar responses across all parameters and 
were significantly different from the 100% 
LOF treatment (Table 1).

All treatments combining LOF with AB 
mix showed growth responses similar to those 
of the 100% AB mix control, demonstrating 
the efficiency of AB mix use. However, using 
100% LOF did not result in better growth 
than other treatments. This indicates that 
green lettuce still requires AB mix, albeit 
in small quantities, for optimal growth. 
According to Sundari et al. (2016), AB mix 
is formulated from water-soluble mineral salts 
that efficiently meet the plant’s nutrient needs, 
as the roots readily absorb them. Nutrients 
like nitrogen (N), found in both LOF and AB 
mix, are essential for green lettuce growth, 
particularly in increasing plant height. As the
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amount of nitrogen absorbed by the plant 
increases, the meristematic tissue in the stem 
becomes more active, thereby promoting 
height growth (Febrianna et al., 2018). The 
100% LOF treatment was insufficient to 
support plant growth due to its slow-release 
nature (Lestari & Putri, 2022). This finding 
is consistent with the results reported by 
Ramli and Makky (2019), who observed that 
hydroponically grown Ipomoea aquatica under 
a 100% LOF treatment showed significantly 
lower plant height and fresh weight than the 
control (100% AB mix). This suggests that 
LOF primarily functions as a supplementary 
nutrient source rather than a complete 
replacement for the AB mix in fulfilling plant 
nutritional requirements.

All treatments, with or without AB mix, 
showed similar root length responses. The 
roots were constantly submerged in water, 
and nutrients were always available, so root 
growth was not influenced by hydrotropism, 
geotropism, or chemotropism, all of 
which typically stimulate root elongation. 
Hydrotropism refers to the growth direction 
of plant roots towards water sources, allowing 
them to grow actively in any direction towards 
water. Geotropism is influenced by gravity, 
which determines the direction of root growth 
towards the center of the Earth (Dietrich, 
2018).

Chemotropism drives roots to search for 
and grow towards available nutrient sources 
(Henke et al., 2014). However, root fresh weight 

showed a different response to AB mix use, as 
root enlargement is influenced by the products 
of photosynthesis, which are translocated 
by the phloem to all plant tissues, including 
the roots, to promote size increase. Hasan & 
Pakaya (2020) suggested that roots absorb the 
necessary nutrients and water required by the 
canopy for photosynthesis, and the canopy, 
in turn, supplies photosynthates to support 
root growth. Additionally, the presence 
of growth hormones, such as cytokinin, 
in LOF has been shown to enhance root 
growth (Riddech et al., 2025). The calcium 
(Ca) and phosphorus (P) found in both LOF 
and AB mix can also accelerate healthy root 
growth, thereby increasing fresh root weight 
(Munthe et al., 2018).

The number of leaves and fresh plant 
weight showed similar responses across all 
treatments combining LOF with the AB mix 
and the 100% AB mix, except for the 100% 
LOF treatment. This similarity is attributed 
to the sufficient nitrogen (N) content supplied 
by both the LOF and AB mix, which supports 
leaf formation. According to Mas’ud 
(2009), high nitrogen content in hydroponic 
nutrients stimulates leaf proliferation and 
enhances green pigmentation. A deficiency 
in nitrogen causes leaves to turn yellow or 
pale green and accelerates leaf senescence. 
Leaf number is also closely related to 
plant height, as taller plants tend to have 
more internodes and nodes, which serve as 
attachment sites for leaves (Novriansyah et 

Treatments Plant height 
(cm)

Root length 
(cm)

Fresh root 
weight (g)

Number of 
Leaves (blade)

Fresh plant 
weight (g)

P1 19.33a 11.63 17.77a 13.50a 81.09a
P2 20.29a 11.03 18.68a 13.00a 107.59a
P3 18.17a 10.53 17.88a 12.67a 86.67a
P4 18.35a 12.38 15.74a 12.75a 79.25a
P5 6.62b 11.09 4.46b 4.58b 8.67b

Treatments: P1 (100% AB mix control); P2 (25% LOF + 75% AB mix); P3 (50% LOF + 50% AB mix); P4 (75%  
LOF + 25% AB mix); P5 (100% LOF).

Table 1. Average plant height, root length, fresh root weight, number of leaves, and fresh plant weight of green 
lettuce at 35 Days After Transplanting (DAT) under combined treatments of Liquid Organic Fertilizer
(LOF) and AB mix.
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al., 2017).
Similarly, fresh plant weight is 

influenced by water and nutrient absorption 
through the root system, which is then 
translocated to various plant organs. 
When nutrient availability is optimal and 
not excessive, lettuce plants can reach 
productive levels of fresh weight (Romza 
et al., 2024). The combination of LOF and 
AB mix enriches the hydroponic nutrient 
solution, stimulating metabolic activity and 
facilitating effective cell elongation and 
differentiation. According to Evelyn et al. 
(2012), fresh plant weight reflects the nutrient 
composition within plant tissues. One of the 
key elements is potassium (K), which is 
required for carbohydrate metabolism, acts as 
an activator of various enzymes involved in 
photosynthesis and respiration, and regulates 
cell osmotic potential, which is critical for 
stomatal opening and closing (Novriansyah 
et al., 2017).

Fresh plant weight is also affected by 
leaf number; higher leaf number leads to 
greater overall plant weight. Additionally, 
fresh weight is determined by the extent of 
branching and the vigor of lettuce plants 
(Perwitasari et al., 2012). Thus, the availability 
of essential nutrients through the combined 
LOF and AB mix treatment enhances both 
the number and size of plant cells, influencing 
water content and thereby increasing total 
fresh plant weight (Damanik, 2019).

Chlorophyll Content of Green Lettuce 
under Combined LOF and AB Mix 
Treatments

Chlorophyll is a green pigment found 
within the chloroplasts of all photosynthetic 
organisms. It captures solar energy and 
converts it into carbohydrates, thereby 
providing energy to support overall plant 
function (Dharmadewi, 2020). In higher 
plants, chlorophyll primarily exists in two 
forms: chlorophyll a and chlorophyll b, both of 
which play essential roles in photosynthesis. 
Chlorophyll b functions as a light-harvesting 
antenna, collecting light energy and 
transferring it to the photosynthetic reaction 
center, which is predominantly composed 
of chlorophyll a. The results of this study 
indicated that the chlorophyll a, b, and total 
chlorophyll contents in green lettuce leaves 
varied significantly across treatments 
(Table 2).

All treatments combining liquid 
organic fertilizer (LOF) with AB mix 
resulted in chlorophyll contents that were 
comparable to P1 treatment, indicating that 
LOF application successfully optimized the 
use of AB mix while maintaining sufficient 
chlorophyll production. The addition of LOF 
helped balance nitrogen availability in the 
AB mix to meet the chlorophyll-formation 
needs of green lettuce. According to Khan 
et al. (2019), nitrogen is one of the primary 
nutrients absorbed by plants for chlorophyll 

Treatments: P1 (100% AB mix control); P2 (25% LOF + 75% AB mix); P3 (50% LOF + 50% AB mix); P4 (75%  
LOF + 25% AB mix); P5 (100% LOF).

Table 1. Chlorophyll a, chlorophyll b, and total chlorophyll content of green lettuce leaves under different 
	    combinations of Liquid Organic Fertilizer (LOF) and AB mix nutrient treatments.

Treatments
Chlorophyll Content (mg/g)

Chlorophyll a Chlorophyll b Total chlorophyll 
P1 0.65 0.41 1.06
P2 0.89 0.57 1.46
P3 0.65 0.39 1.04
P4 0.79 0.50 1.29
P5 0.17 0.09 0.26
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synthesis, as indicated by lush canopies and 
dark green leaves. Panjaitan et al. (2019) 
also noted that lettuce, being a short-cycle 
crop, responds positively to nutrient uptake 
from LOF due to its ease of absorption by 
the roots.

However, the P5 treatment did not 
yield chlorophyll content as high as the other 
treatments, likely due to nitrogen deficiency, 
as indicated by chlorotic, yellowish-green 
leaves. The use of LOF alone, without 
supplementation from the AB mix, failed to 
meet the nitrogen requirements for optimal 
chlorophyll biosynthesis in green lettuce. 
Sangadji (2018) stated that nitrogen-deficient 
plants exhibit stunted growth, impaired leaf 
development, and leaf yellowing.

Based on all measured production 
parameters and chlorophyll content, the use 
of LOF at various concentrations was able 
to reduce and optimize the use of AB mix 
by 25–75% (P2-P4). The highest yield was 
obtained under P2 treatment. However, 
since no significant differences were found 
among the three LOF–AB mix combination 
treatments, the P4 treatment is considered. 

CONCLUSION

The combination of liquid organic 
fertilizer (LOF) and AB mix produced growth 
and yield responses in green lettuce similar to 
those of the 100% AB mix treatment (P1) in 
a hydroponic wick system. The 100% LOF 
treatment (P5) without AB mix produced the 
lowest response in all growth and production 
parameters. The 75% LOF (7.5 mL in 2000 
mL of water) + 25% AB mix (P4) was the 
most effective in optimizing AB mix use.
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