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Abstract. Hydroponics, a farming technique using nutrient-enriched water, has been widely 

practiced due to its suitability for limited agricultural land. One of the key factors affecting 

hydroponic efficiency is the nutrient blend, with AB Mix and liquid organic fertilizer playing a 

crucial role. This study aims to evaluate the potential of nanotechnology-based nutrient solution 

in hydroponic to enhance nutrient absorption and improve plant growth in different vegetable 

species. Five vegetable species, which include red lettuce, red spinach, green spinach, pakcoy, 

and kailan, were selected to assess the interaction between nutrient composition and vegetable 

species. A study with factorial design was conducted using a randomized complete block design 

(RCBD). The primary factor was the fertilizer composition and the secondary factor was the type 

of vegetable. The treatments consisted of Control (Well water + AB Mix), P1 (Nanotechnology 

water + 100% AB Mix), P2 (Nanotechnology water + 25% nanotechnology liquid organic 

fertilizer + 75% AB Mix), P3 (Nanotechnology water + 50% nanotechnology liquid organic 

fertilizer + 50% AB Mix), P4 (Nanotechnology water + 75% nanotechnology liquid organic 

fertilizer + 25% AB Mix), and P5 (Nanotechnology water + 100% nanotechnology liquid organic 

fertilizer). Growth parameters measured included plant height, fresh weight, dry weight, number 

of leaves, and leaf area. Data were evaluated using a two-way ANOVA to assess the effects of 

fertilizer composition and vegetable type, followed by a 5% DMRT test for mean comparison. The 

findings indicated that the use of liquid organic fertilizer technology influenced plant growth. The 

most optimal average growth was recorded in the P2 treatment (a combination of nanotechnology 

water, 25% nanotechnology liquid organic fertilizer, and 75% AB Mix), while the least favorable 

result was observed in P5 (nanotechnology water combined with 100% nanotechnology liquid 

organic fertilizer). 
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1. Introduction 

The Indonesian population has consistently increased. According to the 2022 statistical data, 

approximately 275 million people, or 56.7%, reside in urban areas. The limited agricultural land 

is one of the factors contributing to the difficulty in meeting the population's food needs. An 

increase in population will lead to an increased demand for food, particularly vegetables [1]. As 

recent studies highlight, urban farming has become a potential solution to improve food security 

[2], especially in major Indonesian cities, through efficient land use and alternative farming 

https://doi.org/10.55043/jaast.v9i3.398
mailto:restifevria@fmipa.unp.ac.id
https://creativecommons.org/licenses/by-sa/4.0
https://crossmark.crossref.org/dialog/?doi=10.55043/jaast.v9i3.398&domain=pdf


Fevria et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 346-358 

 

 347 

techniques such as hydroponics [3]. Hydroponic planting is a method which can be applied to 

narrow land, enabling crop production to meet the community's food needs [4]. This method has 

been extensively explored in urban farming research, as demonstrated by Latue et al., where 

hydroponic farming is shown to effectively utilize limited land for growing various crops, 

contributing to food security and local economic development [5]. The characteristic of 

hydroponic cultivation is that it does not use soil; instead, the soil medium is replaced with water 

supplemented with a high-nutrient solution to provide adequate plant nutrition. Hydroponics can 

yield environmentally friendly products because the source of nutrients is derived from organic 

materials [6]. 

AB Mix is a widely used nutrient solution in hydroponic farming, containing both macro 

and micronutrients that aim to fulfill the nutritional requirements of plants [7]. In addition to AB 

Mix, liquid organic fertilizer can also be utilized in hydroponic cultivation as a nutrient solution. 

This fertilizer is composed of ecoenzymes or fermented organic waste [8]. The liquid organic 

fertilizer contains iron, manganese, calcium, magnesium, boron, molybdenum, sodium, 

phosphorus, potassium, sulfate, and magnesium [9]. However, hydroponic cultivation has some 

drawbacks, one of which is the uneven distribution of nutrients due to limited circulation. This can 

result in nutrient precipitation at the bottom of the hydroponic system, leading to moss growth and 

adversely affecting plant development [10,11]. To address this issue, nanotechnology-based 

nutrient solutions have been shown to enhance nutrient absorption efficiency, ultimately 

improving plant growth in hydroponic systems [12]. 

The nutrients that plants consume vary according to their growth stage [13]. The need for 

plant nutrients must be appropriately met to reduce the occurrence of precipitation in the 

hydroponic system by applying nanotechnology to the planting media and nutrient solutions used 

[14]. The development of this technology is one of renewable innovations to address agricultural 

problems. Nanotechnology is an innovation which changes particles into nanometer sizes [15]. 

The application of nanotechnology to fertilizers affects the release of fertilizer particles, which is 

more controlled and prevents plants from experiencing nutritional deficiencies due to the 

maintained nutrient content of fertilizers. The release of fertilizer in the planting medium occurs 

in the form of nanomaterials, which are released as nanoparticles [16]. Nanofertilizers, which 

utilize nanotechnology, have been proven to improve the efficiency of nutrient absorption in plants 

and minimize nutrient loss to the environment, thus contributing to more sustainable agriculture 

[17]. 

Numerous studies have been conducted on the application of nanotechnology in plant 

protection and assessed the efficacy of liquid organic fertilizer based on nanotechnology in 

hydroponic systems by evaluating plant growth [18]. Various nanomaterials have shown 
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significant effects on seed germination rates, plant height, number of leaves, root length and count, 

as well as fresh and dry biomass accumulation. In addition, nano-fertilizers have been reported to 

enhance nutrient uptake efficiency, improve plant productivity, and promote soil health, while also 

minimizing environmental impact, making them a promising solution for sustainable agriculture 

[19,20]. The application of nanotechnology in previous studies indicates a significant effect on 

plant growth; therefore, it is necessary to research other types of horticultural plants to determine 

the effect exerted by nanotechnology-based liquid organic fertilizer on the growth of plants 

cultivated hydroponically. Nanotechnology monitors substances, materials, and systems at the 

nanoscale, providing innovative results. It can accelerate sustainable agricultural growth through 

advanced techniques such as nanotechnology [21]. Therefore, the purpose of this study is to 

examine its effects on plant growth parameters, including plant height, fresh weight, dry weight, 

number of leaves, and leaf area. 

2. Materials and Methods 

This study employed a Factorial Randomized Complete Block Design (Factorial RCBD) 

with two factors: fertilizer composition (Table 1) and vegetable species. The vegetable species 

consisted of red lettuce (Lactuca sativa var. acephala), red spinach (Amaranthus tricolor L.), green 

spinach (Amaranthus hybridus L.), pakcoy (Brassica rapa), and kailan (Brassica oleracea). Each 

treatment combination was randomly assigned within experimental blocks to control for 

environmental variability, ensuring that all vegetable species received every fertilizer treatment. 

The study was conducted at the Wire House, Department of Biology, Universitas Negeri 

Padang from April to August 2024, under controlled environmental conditions suitable for 

hydroponic cultivation. Temperature, humidity, and light exposure were monitored to maintain 

optimal growth conditions for the tested vegetable species. 

2.1. Manufacturing of Nanotechnology Liquid Organic Fertilizer 

Nanotechnology-based liquid organic fertilizer was derived from organic fruit waste through 

anaerobic fermentation, utilizing a mixture of water and brown sugar. The process used a 1:3:10 

ratio of sugar, fruit waste, and water, which was then allowed to ferment under oxygen-limited 

conditions for three months. This fermentation period enables microbial activity to break down 

organic matter and enhance nutrient availability [22].  

After fermentation, the mixture was filtered to separate the solid residues from the liquid. 

The filtered liquid organic fertilizer was then processed into a nanotechnology-based fertilizer 

using a nanobubble aerator, generating ultrafine gas bubbles that improved nutrient dispersion and 

absorption efficiency [23]. The final product was stored in an airtight container at room 

temperature to prevent contamination and nutrient degradation. 
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2.2. Preparation of Planting Media and Seeding 

The planting medium was prepared using Rockwool, AB Mix solution, water, liquid organic 

nanotechnology fertilizer, plant seeds, seeding trays, a TDS meter, a pH meter, and a hydroponic 

system. 

In the first stage, Rockwool cubes measuring 2×2×2 cm were cut and moistened with water 

to create optimal conditions for seed germination. A small hole was made in each Rockwool cube, 

and a single seed was carefully inserted. The seeded Rockwool cubes were covered with black 

plastic to maintain darkness and placed in an area without direct sunlight. After 24 hours, the 

covering was removed, and the seedlings were exposed to sufficient sunlight for 7 to 8 days until 

they developed four true leaves, indicating their readiness for transplantation. 

After reaching an adequate stage of growth, the seedlings were relocated to a hydroponic 

setup employing the Nutrient Film Technique (NFT), a system that circulates a thin layer of 

nutrient-rich water along the root zone. This system accommodated a total of 6 liters of planting 

medium, filled with an equal volume of water enriched with nutrients: 5 ml/L of solution A, 5 

ml/L of solution B, and 50 ml/L of liquid organic fertilizer. The continuous nutrient flow within 

the NFT system provided consistent oxygen and nutrient availability to the roots while minimizing 

water stagnation, an advantage that makes this method widely favored in both research and 

commercial hydroponic practices [4]. Daily monitoring of pH and electrical conductivity (in ppm) 

was performed using a pH meter and a TDS meter to maintain ideal growth conditions. The 

research design outlining the composition of each treatment in the planting medium is presented 

in Table 1. 

Table 1. The research design for the composition of each treatment on the planting medium 

Experiment Design 

Research Treatment Composition 

Control Well Water + AB Mix 

P1 Nano Water + 100% AB Mix 
P2 Nano Water + 25% nanotechnology liquid organic fertilizer + 75% AB Mix 

P3 Nano Water + 50% nanotechnology liquid organic fertilizer + 50% AB Mix 

P4 Nano Water + 75% nanotechnology liquid organic fertilizer + 25% AB Mix 
P5 Nano Water + 100% nanotechnology liquid organic fertilizer 

 

2.3. Measurement Parameters 

Plant measurements consist of several parameters. Plant height (cm) was measured every 

three days, starting from one week after planting until the plants reached four weeks of age. The 

number of leaves (sheet) was measured weekly at one, two, three, and four weeks after planting. 

Only fully developed leaves, defined as those with a complete shape and fully expanded surface, 

were included in the count. Leaf area (cm2) was measured at four weeks after planting by assessing 

all leaves, except for the first two leaves that emerged during germination. The fresh weight (g) 
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was recorded in the fourth week after planting by weighing the entire plant, including roots, stems, 

and leaves. Dry weight (g) was also measured in the same week by drying all plant components, 

which included leaves, stem, and roots, in an oven at 60°C until a constant weight was reached.  

2.4. Data Analysis 

The collected data were subjected to analysis of variance (ANOVA). If significant 

differences were found, further comparisons were conducted using Duncan's New Multiple Range 

Test (DMRT) at a 5% significance level. 

3. Results and Discussion 

3.1. Plant Height 

The ANOVA test conducted at the 5% level indicated a significant difference in the plant 

height data. A follow-up test using DMRT at the 5% level showed that the highest plant height 

was found in the P4 treatment of red spinach, with a value of 37.2 cm, while the lowest was 

recorded in the P5 treatment of pakcoy, with a value of 9.27 cm. These results are shown in Fig. 

1. 

 
 

Fig. 1. The comparison of Plant Height of five species of vegetables in the present study 

 

3.2. Fresh Weight 

The ANOVA test conducted at the 5% level indicated a significant difference in the fresh 

weight data. A follow-up test using DMRT at the 5% level showed that the highest fresh weight 

was recorded in the P2 treatment of pakcoy plants, with a value of 20.15 grams, while the lowest 

was recorded in the P2 treatment of red spinach, with a value of 0.48 grams. The highest fresh 

weight observed in treatment P2 can be attributed to the ability of liquid organic fertilizer to 

enhance the planting medium's capacity to regulate temperature, thereby ensuring a sustainable 

supply of nutrients. These results are shown in Fig. 2. 
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Fig. 2. The comparison of fresh weight of five species vegetables in the present study 

 

3.3. Dry Weight 

The ANOVA test conducted at the 5% level indicated a significant difference in the dry 

weight data. A follow-up test using DMRT at the 5% level showed that the highest dry weight was 

found in the P2 treatment of pakcoy plants, with a value of 1.33 grams, while the lowest was 

recorded in the P5 treatment of red spinach, with a value of 0.007 grams. Giving liquid organic 

fertilizer at excessively high concentrations can lead to plasmolysis in plants, resulting in 

suboptimal growth, as observed in treatment P5. These results are shown in Fig. 3.  

 

Fig. 3. The comparison of dry weight of five species vegetables in the present study 

 

3.4. Number of Leaves 

The ANOVA test conducted at the 5% level indicated a significant difference in the number 

of leaves. A follow-up test using DMRT at the 5% level showed that the highest number of leaves 

was found in the P2 treatment of green spinach, with a value of 34 strands, while the lowest was 

recorded in the P5 treatment of kailan, with a value of 4.25 strands. The natural hormones present 

in nanotechnology-based liquid organic fertilizers can stimulate root growth, thereby enhancing 



Fevria et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 346-358 

 

 352 

overall plant development. These results are shown in Fig. 4. 

 

Fig. 4. The comparison of number of leaves of five species vegetables in the present study 

 

3.5. Leaf Area 

The ANOVA test conducted at the 5% level indicated a significant difference in the leaf 

area. A follow-up test using DMRT at the 5% level showed that the highest number of leaves was 

found in the P4 treatment of red lettuce, with a value of 40.25 cm2, while the lowest was recorded 

in the P5 treatment of green spinach, with a value of 2.02 cm2. The appropriate dosage of fertilizer 

significantly influences the optimal leaf area for plants. Administering fertilizer in accordance with 

the recommended dosage will affect optimal plant growth. In the case of red lettuce, optimal plant 

growth is achieved at treatment P4. The data are presented in Fig. 5. 

 

Fig. 5. The comparison of leaf area of five species vegetables in the present study 

Following the ANOVA, Duncan’s Multiple Range Test (DMRT) at the 5% significance level 

was performed to identify treatment groups with statistically significant differences. A 

recapitulation of the DMRT test results for all observed parameters in each vegetable type is 

provided in Table 2. 
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Table 2. Recapitulation of DMRT Test Results for All Growth Parameters and Vegetable Types 
Parame

ter 

Treatm

ent 

Red Lettuce Red Spinach Green 

Spinach 

Pakcoy Kailan 

Mea

n 

Symb

ol 

Mean Symb

ol 

Mea

n 

Symb

ol 

Mean Symb

ol 

Mean Symb

ol 

Plant 

Height 

P1 27.8

75 

b 7.1 a 14.4

5  

a 18.6  b 23.1 c 

P2 33.2

25 

bc 15.85 ab 16.9

5  

a 21.67

5  

d 21.5 c 

P3 36.4

25 

c 15.95 b 20.1

25  

ab 20.07

5  

c 16.92

5  

b 

P4 32.2

25 

bc 17.6 bc 27.8

5  

bc 18.7  b 15.72

5  

b 

P5 10.5 a 18.9 c 29.9

75  

c 9.275  a 10.55  a 

Fresh 

Weight 

P1 11.5

75 

b 1.76  a 2.69

75  

a 9.592

5  

b 11.84

25  

c 

P2 16.7

43 

b 2.052

5  

ab 3.31

5  

a 20.15

25  

c 7.192

5  

b 

P3 16.1

53 

b 2.575  b 8.5  a 18.26  c 5.142

5  

ab 

P4 17.0

15 

b 3.75  bc 16.2

1  

b 9.955  b 5.13  ab 

P5 1.18 a 3.75  c 17 b 1.145  a 1.782

5  

a 

Dry 

Weight 

P1 0.92

25 

b 0.632

5  

a 0.20

75  

a 0.932

5  

bc 1.067

5  

c 

P2 1.32

5 

b 0.692

5  

a 0.26

25  

a 1.335  d 0.712

5  

bc 

P3 1.32 b 1.082

5  

ab 0.66  a 1.18  cd 0.465  ab 

P4 1.15

5 

b 1.522

5  

b 1.17

4  

b 0.77  b 0.452

5  

ab 

P5 0.09

25 

a 1.545  b 1.3 b 0.107

5  

a 0.21 a 

Numbe

r of 

Leaves 

P1 8.75 b 6.5 ab 18.7

5  

a 13.5  bc 10.5  cd 

P2 10.7

5 

b 8.25 b 24.2

5  

ab 17.25  d 12.5  e 

P3 11.2

5 

b 8.75 b 27 ab 16 cd 12.25  de 

P4 9.25 b 8.75 b 31.5  bc 12.5  b 7.75  b 

P5 5.25 a 9.25 c 34 c 6.75 a 4.25 a 

Leaf 

Area 

P1 34.0

33 

b 68.91  ab 2.72

25  

a 10.92

25 

b 17.6  b 

P2 30.3

18 

b 75.75

5  

bc 3.38

5  

a 13.43  bc 9.995  a 

P3 31.5

48 

b 151.2

05  

cd 10.5

4  

b 14.28  c 7.042

5  

a 

P4 40.2

53 

b 208.4

55  

d 12.2

4  

b 11.28

25  

b 9.562

5  

a 

P5 8.73

75 

a 239.4

75  

d 13.7

1  

c 2.575  a 6.857

5  

A 
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Microorganisms degrade nanotechnology-based liquid organic fertilizers into simpler 

compounds, enhancing nutrient accessibility and absorption by plant roots compared to chemical 

fertilizers, which require decomposition. This finding aligns with the work of 

Phibunwatthanawong and Riddech, who demonstrated that microbial activity in liquid organic 

fertilizers enhances plant growth in hydroponic systems by increasing nutrient bioavailability, 

thereby improving nutrient uptake efficiency [24]. 

The nutritional composition provided plays a crucial role in the growth of hydroponically 

grown plants. The use of nanotechnology liquid organic fertilizer has a significant effect on plant 

growth, with the most effective compositions being P2 (25% nanotechnology liquid organic 

fertilizer + 75% AB Mix) and P3 (50% nanotechnology liquid organic fertilizer + 50% AB Mix). 

According to a study by Marginingsih et al. [25], the mixture of 25% and 50% AB Mix promotes 

optimal plant growth. By blending AB Mix with liquid organic fertilizer, the plants' macro and 

micronutrient needs are met, which are essential for supporting physiological and metabolic 

processes. Similar findings were reported by Muhadiansyah et al. [26] who observed that a 50% 

AB Mix and 50% liquid organic fertilizer mixture positively influenced plant growth, as shown by 

increased leaf count and overall plant weight. Additionally, lettuce plant development was 

enhanced by the mixture of 75% AB Mix and 25% liquid organic fertilizer. 

The mixture of AB Mix and liquid organic fertilizer enhanced with nanotechnology has a 

significant influence on plant growth. According to Fevria et al. [27], hydroponically grown 

vegetables showed enhanced nutritional quality compared to those grown non-hydroponically. 

Similarly, the concentration of AB Mix is positively correlated with plant development, where 

higher concentrations tend to optimize growth [28]. However, excessive nutrient application can 

lead to phytotoxicity, which is often indicated by changes in leaf coloration. Exceeding nutrient 

concentrations beyond the specific requirements of the plant may lead to reduced growth and 

impaired nutrient uptake [29]. This phenomenon occurs because an overly concentrated solution 

can limit the absorption process and overall plant development, as demonstrated in the study by 

Nasir and Sato [30] on hydroponic tomato cultivation with varying nutrient levels. 

The application of nanotechnology-based liquid organic fertilizers to plant media is closely 

related to microorganisms that enhance the nutritional quality of the growing medium and support 

plant growth. This study indicates that treatment P5 (100% liquid organic fertilizer with 

nanotechnology) resulted in a significantly lower growth rate compared to other treatments. The 

application of nanotechnology-based liquid organic fertilizers can have a substantial impact on 

plant growth, with effects varying from low to high concentrations. Research has demonstrated 

that increased concentrations of liquid organic fertilizers, including those utilizing 

nanotechnology, can lead to stunted development. This phenomenon is attributed to the emergence 
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of antagonistic effects that do not benefit plant growth [31]. Furthermore, the pH of liquid organic 

fertilizer typically ranges from 3 to 5, primarily due to the lactic acid produced by microorganisms 

during the fermentation process. High-quality liquid organic fertilizers generally maintain a pH of 

around 5. 

Nanotechnology can enhance hydroponic plant growth by reducing particles to a nanoscale 

with the assistance of a nanobubble aerator. The nanostructure of the particles produced by the 

nanotechnology has better capabilities than the previous particle structure; the use of 

nanotechnology is more effective because it has a nano size [32]. Research suggests that reducing 

the particle size of raw materials alters the properties of fertilizers, allowing them to be more easily 

absorbed by leaf cell membranes. This improves absorption, fertilizer quality, and the productivity 

of corn plants. According to research by Kyebogola et al. [33], nanotechnology has been shown to 

enhance fertilizer absorption in plants, improving the efficiency of nutrient uptake. This 

improvement is largely due to the use of slow-release fertilizers (SRF) that regulate the gradual 

release of nutrients, allowing for a more consistent and efficient absorption pattern by the plants. 

4. Conclusions 

Each vegetable responded optimally to different treatments. Red lettuce performed best 

under P3 and P4, with most parameters peaking at P3. Red spinach showed optimal growth in P3 

and P4, although several parameters were highest under the control and P1. Green spinach had the 

best results in P1 and P2, with most growth parameters peaking at P2. Pakcoy consistently showed 

optimal growth in P2, except for leaf area, which was best in P3. Kailan performed best in P1 and 

P2, with the majority of parameters highest in P1. In general, P2 (a combination of 25% 

nanotechnology-based liquid organic fertilizer and 75% AB Mix) proved to be the most effective 

treatment for promoting vegetative growth across different vegetable types in wick-based 

hydroponic cultivation systems. The organic matter content in each liquid organic fertilizer can 

yield different results on plant growth. Future research should focus on the organic matter content 

in liquid organic fertilizers, as it can significantly affect plant growth. 

Abbreviations 

AB  Mix A and B nutrient mix 

RCBD  Randomized complete block design 

DMRT  Duncan’s multiple range test 

TDS  Total dissolved solids 

NFT  Nutrient film technique 

SRF  Slow-release fertilizer 
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