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ABSTRACT 
 

Hydroponic model SWU-01 is a new hydroponic system innovation that regulates watering 

automatically and independently by utilizing gravity and Archimedes' law. Dissolved oxygen 

concentration in SWU-01 is only around 3-4.2 mg/L. DO values can be increased by 

applying nanobubble technology. Ultrafine bubble or nanobubble is a gas bubble in a liquid 

that has a diameter of <200 nm. The purpose of this study was to determine the effect of 

nanobubble on dissolved oxygen concentration and growth of lettuce plants cultivated with 

SWU-01 hydroponics. The experiment used a one-factor randomized complete block design, 

namely intermittent administration of nanobubble for 15 min every 3 day (P1) and 7 days 

(P2), and without nanobubble (P0l). The results obtained based on the ANOVA test at the 

5% level with the Least Significant Difference (LSD) follow-up test, namely the parameters 

of fresh weight and number of leaves of lettuce P1 significantly different from P0 and P2, 

and no significant differences were found in root length, canopy width, and plant height. 

The P1 treatment is more effective in increasing dissolved oxygen concentration, leaf count, 

and fresh weight of lettuce produced in lettuce cultivation using the SWU-01 hydroponic 

system. 

1. INTRODUCTION 

Lettuce is a horticultural plant that is in great demand by the public because it contains many sources of minerals, 

vitamins, and fiber (Yang et al., 2021). The increasing population in Indonesia and increasing awareness of nutritional 

needs have caused the consumption and demand for lettuce commodity vegetables to increase rapidly, so lettuce is 

suitable for cultivation, because it has high prospects and economic value (Mulatsih et al., 2021). Lettuce is a seasonal 

plant that can be cultivated in the highlands or lowlands, and is suitable for hydroponic cultivation system. 

The hydroponic system allows for more consistent and efficient lettuce production, with multiple yields compared 

to conventional methods, with planting that can be done throughout the year without depending on the weather. In 

addition, high demand comes from the hotel sector, restaurants, to the export market, especially to neighboring countries 

looking for quality fresh vegetables. The challenge of initial investment costs for hydroponic installations has the 

potential to be covered by long-term benefits and higher production stability (Rajaseger et al., 2018; Kementerian 

Pertanian, 2020). 

Hydroponics is a plant cultivation system without using soil, but using a planting medium in the form of liquid or 

solid media such as water, cocopeat, rice husk charcoal, rockwool, and others (Lingga, 1984). Hydroponic plant 
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cultivation is a modern technology in agriculture that can be applied in narrow land, saves fertilization costs, and is more 

efficient in the use of irrigation water (Krestiani & Supriyo, 2022). Currently, there is a new innovation from the 

hydroponic system, namely Smart Watering Unpad model SWU-01.  

Smart Watering Unpad is an automatic and independent watering control tool in a hydroponic system that utilizes 

gravity and Archimedes' law so that it is free from electricity use. Smart Watering Unpad uses a water control component, 

namely a float that moves up and down following the water level. Smart Watering Unpad can be applied to various 

substrate hydroponic systems and water cultures. The recommended level of dissolved oxygen (DO) for hydroponic 

cultivation is 4 - 8 mg/L (Dwiratna et al., 2022). Research by Amin et al. (2023), stated that the average DO value of 

Smart Watering Unpad and Autopot is 3.0 mg/l to 4.2 mg/l, this shows that the Smart Watering Unpad and Autopot 

systems do not meet the DO needs of plants. High temperatures in the long term can cause a decrease in DO in the 

nutrient solution (Krisna et al., 2017). The DO value in the nutrient solution can be increased by applying nanobubble 

technology. Nanobubble applications can be found in agriculture, namely that they can significantly increase plant 

growth in optimizing the growth of shoots and roots that are treated with nutrient deficits in their planting (Iijima et al., 

2020).  

Ultrafine bubbles or Nanobubbles are gas bubbles in liquids that have a diameter of <200 nm and have several unique 

physical properties (Ebina, et. al., 2013), nanobubble gas bubbles can be dissolved in water for a long time. Nanobubble 

is a new technology in Indonesia that has become the center of attention because it can be applied in various fields, such 

as: wastewater treatment, fisheries cultivation, food processing, biomedical engineering, and agriculture (Ahmadi & 

Khodadadi Darban, 2013). Meanwhile, according to Ebina et al. (2013), one of the uses of nanobubble technology in 

agriculture is to increase plant growth with hydroponic cultivation methods. Nano bubbles effectively increase oxygen 

content in water and increase vegetative growth through nutrient solutions (Sritontip et al., 2022). Therefore, the purpose 

of this study was to determine the effect of nano bubbles on increasing dissolved oxygen and lettuce growth with SWU-

01 hydroponic cultivation. 

2. RESEARCH MATERIALS AND METHODS 

This experiment used a single-factor randomized block design (RAK), namely the frequency of nanobubble 

administration for 15 min every 3 days (P1), 7 days (P2), and without nanobubble (P0) with each treatment consisting 

of 9 plants. This study used the following tools: DO meter, DO sensor, EC sensor, pH sensor, 3 SWU-01 hydroponic 

installation units, nanobubble generator, ruler, TDS meter, thermohygrometer, and digital scales. The materials used in 

this study were raw water, lettuce seeds, AB mix nutrients, and rockwool. 

2.1. Time and Location of Research 

The research was conducted in February-September 2024 at the Urban Farming Laboratory, Faculty of Agricultural 

Industrial Technology, Padjadjaran University. 

2.2. Preparation 

Research preparation includes literature studies, preparing tools and materials, installing racks and components of the 

SWU-01 hydroponic installation as shown in Figure 1. 

2.3. Procedure 

The study began by determining the generation time and frequency by measuring the DO, pH and EC values in SWU-

01 without plants. The nanobubble generator was generated in a 48 L nutrient solution tank for 30 min and measured 

every 1 hour for 7 days. Lettuce seeds were sown using rockwool seedling media for 10 days until 4 leaves grew. Lettuce 

seedlings were transplanted into SWU-01 which had been filled with water and AB mix nutrient solution with a ratio of 

1:1. The concentration level of the nutrient solution in Parts per Million (PPM) was adjusted to the growth and needs of 

lettuce plants. The initial DO value was 3.1 mg/L with a temperature of 27.7℃, pH 7.3, and EC 0.206 mS. For 30 DAP, 
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generation was carried out according to the treatment and measurement of DO, pH, EC, temperature and humidity as 

well as measurement of plant growth rate. 

 

 

Figure 1SWU-01 hydroponic installation design 

2.4. Parameter 

The main parameters include DO and temperature values while pH and EC are supporting parameters. Growth rate 

parameters include plant height, canopy width and number of leaves, while plant productivity parameters include fresh 

weight of harvest and root length. 

2.5. Measurement of DO and Temperature During the Growing Period 

Measurements of DO and temperature were conducted three times daily at 8:00 AM, 12:00 PM, and 4:00 PM using a 

DO meter equipped with DO, pH, and EC sensors. The measurements were carried out under different nanobubble 

application frequencies: every 3 days (P1), every 7 days (P2), and without nanobubble application (P0). 

 

Figure 2. Measuring canopy width using a ruler 
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2.6. Measurement of Plant Growth Rate and Productivity 

Measurement of growth rates such as plant height and canopy width (length of the growth diameter of all leaves on 1 

plant) was carried out every 2 days using a ruler as in Figure 2, while plant productivity parameters such as fresh weight 

of the harvest, root length and number of leaves were measured at harvest time, namely at 30 days after planting (DAP). 

2.7. Data Analysis 

Water quality measurement data including DO and temperature values were compiled using Microsoft Excel and 

analyzed by T-test using SPSS software. Lettuce plant data were compiled using Microsoft Excel and analyzed by 

ANOVA on SPSS software with a further Least Significant Difference (LSD) test at 5% level to see significant 

differences. 

3. RESULTS AND DISCUSSION  

3.1. Dissolved Oxygen Level 

Dissolved oxygen levels in the 3 day, 7 day and control nanobubble application frequency treatments had different 

values as shown in Figure 3. The once 3 day nanobubble application treatment showed greater dissolved oxygen values 

than the once 7 day treatment and the control. This is because the more often the nanobubbles are added, the more visible 

the effect on the increase in dissolved oxygen values. This is in line with Wang et al. (2021), the increase in dissolved 

oxygen was higher in High Treatment (application of nanobubbles every 2 h) than in Low Treatment (application of 

nanobubbles once a day). Sritontip et al. (2022), proved that MNBs treatment for 5 min can increase dissolved oxygen 

which cannot be achieved in treatment without MNBs. One of the formations of nanobubbles is due to the collapse of 

microbubbles. 

 
Figure 3. Effect of nanobubble frequency on dissolved oxygen values 

 
Figure 4. Nutrient Solution Temperature 
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3.2. Nutrient Solution Temperature 

Nutrient solution temperature data in SWU-01 hydroponics shows a fluctuating graph as in Figure 4. The solution 

temperature for 30 days ranged from 25.5 - 26.3℃ in the 3-day frequency treatment, 24.9 - 26.6℃ in the 7-day frequency 

treatment, and 24.4 - 26.3℃ in the control. The temperature of the nutrient solution can be affected by environmental 

conditions. An increase in temperature can affect the level of dissolved oxygen content, when the temperature increases 

it causes oxygen consumption and results in a decrease in the solubility of dissolved oxygen (Saputri et al., 2014). 

3.3. Plant Height Growth 

The results showed that the frequency of nanobubble application showed no significant difference in plant height 

parameters as shown in Figure 5. The highest lettuce plant height at harvest was in the nanobubble application treatment 

every 3 days and the control, there was an interaction between the concentration of the solution and nanobubble water 

on plant height growth in the 3rd, 4th, and 5th weeks (Figure 5). This is in line with Thichuto et al. (2022), that there was 

no statistical difference in the height of cherry tomato stems given Micro Nanobubbles (MNB) and without MNB at 14 

- 49 DAP, but increased leaf length. 

 

 

Figure 5. Effect of nanobubbles on plant height growth 

 

 

Figure 6. Effect of nanobubble frequency on canopy width growth 
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3.5. Number of Leaves 

The results showed that the frequency of nanobubble showed a significant difference. The addition of nanobubbles to 

the nutrient solution affected the growth of the number of lettuce leaves in the 2nd, 3rd, 4th, and 5th weeks as shown in 

Figure 7. The number of lettuce leaves given nanobubbles every 3 days was greater than other treatments. 

 

Figure 7. Effect of nanobubble frequency on leaf number growth 

 

Figure 8. Effect of nanobubble frequency on lettuce growth and harvest yield  
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The provision of nanobubbles in lettuce cultivation using SWU-01 hydroponics gave greater results than lettuce without 

nanobubbles or control. Figure 8 shows a graph of lettuce harvest results after 30 DAP. The results of the analysis of 

lettuce harvest yields given nanobubble frequency treatments every 3 days, every 7 days, and without nanobubbles 

(control) are shown in Table 1. 

Table 1. Lettuce harvest results on SWU-01 hydroponics 

Treatment 

Nutrition Plant parameters (at harvest time) 

EC (mS) pH 
Plant height 

(cm) 

Canopy width 

(cm) 

Number of 

leaves  
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(g) 

Root length 

(cm) 

Control 1.63𝑎 6.7𝑎 32.5𝑎 39.2𝑎 14𝑎 101.67𝑎 25.2𝑎 

3 days 1.64𝑎 6.5𝑎 34.1𝑎 40.8𝑎 15𝑏 125.56𝑏 24.3𝑎 

7 days 1.65𝑎 6.6𝑎 31.3𝑎 42.6𝑎 14𝑎 103.33𝑎 22.1𝑎 

Note: The same letter notation means there is no significant difference in the LSD test at 5% level. 

This study shows that the frequency of nanobubble application and without nanobubble did not have a significant 

difference in the parameters of plant height, canopy width and root length. The parameter of the growth rate of the 

number of leaves showed an effect on the frequency of nanobubble application, with the best treatment being a frequency 
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of once every 3 days. Application of nanobubble for 15 min with different frequencies showed significantly different 

results on the fresh weight of lettuce plants. The higher fresh weight of lettuce was at a frequency of once every 3 days. 

This is in line with Sritontip et al. (2022) that application of MNB for 5 min to green oak lettuce grown hydroponically 

can increase the fresh weight and dry weight of leaves, as well as the total weight of plants. 

Nanobubble treatment increased the fresh weight yield of lettuce at harvest and increased dissolved oxygen in the 

planting medium. This is in line with Jiang et al. (2016) that the application of MNB significantly increased the dissolved 

oxygen content, thereby increasing plant growth, yield, and quality of lettuce. According to Wang et al. (2021), the 

application of nanobubbles with high intensity can increase nutrient absorption activity and low nutrient residues in the 

planting medium, resulting in rice yields reaching 2-8% higher than the control. The application of nanobubbles activates 

energy metabolism (carbon fixation in photosynthetic organisms) which shows an increase in growth energy in rice 

plants (Wang et al., 2021). Nanobubbles can attach to plant roots and attract positively charged nutrient ions from the 

environment (Takahashi, 2005; Nirmalkar et al., 2018) so that they can increase plant growth. In addition, nanobubbles 

have a negative surface charge which can increase nutrient absorption (Lou et al., 2000). 

4. CONCLUSION  

The application of nanobubble technology in the Smart Watering System SWU-01 hydroponic system significantly 

increased the concentration of dissolved oxygen in the nutrient solution, which plays an important role in supporting the 

growth of lettuce plants. Periodic application of nanobubbles for 15 min increased the dissolved oxygen content above 

6 mg/L with the best treatment being a frequency of once every 3 days. The application of nanobubbles significantly 

affected the number of leaves and fresh weight of lettuce produced, but there was no significant difference in plant 

height, canopy width and root length. 
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