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 Many lettuce plants are grown hydroponically because they produce better 
quality.The problem with hydroponic systems is that the plant roots are 
submerged in the nutrient solution, therefore it will  rot easily due to lack of 
oxygen in the root area. To overcome this problem, hydroponics with 
microbubble technology is applied. This research aims to determine the 
performance of the ventury dual nozzle in producing microbubbles and its 
effect on the growth and productivity of lettuce plants. This research was 
carried out by assembling a hydroponic system equipped with a ventury model 
aerator, measuring bubble characteristics using the image processing method 
and analyzing plant parameters using variance analysis. Ventury nozzle with 
a pressure of 260 KPa produces microbubbles measuring between 200 - 300 
m and a spray range of 6.13 cm with a resistance of around 3.2-4.6 seconds. 
The use of a ventury nozzle model aerator increases dissolved oxygen and 
distributes it evenly in the hydroponic nutrient solution, thereby increasing the 
growth and yield of lettuce plants. 
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1. INTRODUCTION 
 The increasing population growth, as well as public knowledge of nutritional needs, has resulted in an 
increase in demand for fresh vegetables [1] [2] [3]. Lettuce (Lactuca sativa L) is a horticultural plant with 
promising commercial potential. Lettuce is often grown hydroponically because it produces better quality at a 
higher selling price on the market [4] [5] [6] [3]. Hydroponically grown lettuce products are fresher, more hygienic, 
cleaner and more appealing to the customers. This practice also gave farmers more optimal agricultural results [7] 
[8] [9] [10]. Floating hydroponic systems are widely used because they are simpler, lower in investment and 
operational costs, also easy to use [11] [12] [13]. In this system, the plant is placed in a floating Styrofoam hole 
and the roots are submerged in a nutrient solution [3] [14]. The problem with floating hydroponics is that the roots 
tend to rot quicker due to the lack of dissolved oxygen in the root area [15] [16]. Innovation is needed to overcome 
the problem of plant growth in floating hydroponics, one of them is by applying microbubble technology. 
Microbubbles are small bubbles that contain oxygen and air, it can survive in water for a long time, and able to 
increase the diffusion of air into the liquid [17] [18] [19]. However, microbubble technology is mostly applied for 
fisheries, shipping, food processing, purification of polluted water and medical areas [20] [21]. Therefore, this 
research aims to determine the characteristics of microbubbles from venturi nozzles and their influence on lettuce 
plant production. 
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2. MATERIALS AND METHODS  

 This research uses a floating hydroponic system with a pond size of 150x75 cm, which is equipped with a 
venturi dual nozzle aeration system. The flow pressure will decrease if it flows through a narrow pipe section 
(Figure 1). The water in the hydroponic pond is sucked in by the pump machine and passed to the venturi nozzle 
which will produce microbubbles. The flow pressure is measured using a pressure gauge, then the flow rate is 
calculated. Measurement of the dimensions and range of bubbles uses image processing methods by recording the 
image using a digital camera. A completely randomized design with one factorial is used in this experiment, 
namely the distance of the lettuce plant from the aerator system (11.3 cm, 34.30 cm and 61.30 cm) with 4 
replications. Data were processed using Microsoft Excel applications and Variance Analysis. 

 
Figure 1. Ventury dual nozzle 

 
3. RESULTS AND DISCUSSION  

Differences in pipe cross-sectional area cause differences in velocity and pressure along the venturi. The 
pressure inside the pipe is lower than atmospheric pressure, therefore the air is sucked into the fluid flow through 
a small hole in the pipe. The flow becomes turbulent in the downstream area and the shear stress causes the 
incoming air to be dispersed into microbubbles. According to [22], microbubbles are defined as bubbles which 
have a diameter in the range of millimeters and micrometers, with the highest probability, 150-300 μm.  

The venturi nozzle aerator system works at an average pressure of 260 KPa and an average discharge of 31.2 
lpm to produce microbubbles with a size of 230-300 μm. The microbubbles produced by the venturi nozzle have 
a spray distance of around 6.13 cm (Figure 2). The size and range of the bubble is influenced by pressure and 
discharge. The greater the pressure, the smaller the bubble size and the farther the reach of the bubble to spread. 
Because the flow is more turbulent, the bubble will break more easily. In accordance with the statements of [23] 
[24] [22] [25], the important parameters in the bubble formation process are flow pressure and discharge, where 
the pressure will be inversely proportional to the discharge. Mawarni and Korawan's [22] research used an 
microbubble generator  of orifice-porous tube type with an average discharge of 45 lpm to produce microbubbles 
with a diameter of 300 – 450 μm. Batubara et al [24] used an microbubble generator  of swirl flow type  to produce 
microbubbles of 100 – 200 μm at an average discharge of 0.40 lpm. 

 
Figure 2. Bubble from the dual nozzle ventury. 
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The bubble has a resistance of 3.2-4.6 seconds before it bursts, therefore it can reach plant roots. The presence 
of microbubbles in the root area results in increased oxygen which can stimulate plant roots to respire properly. 
This result agrees with the statement of [26] that microbubbles significantly increase the concentration of dissolved 
oxygen in water. Increasing oxygen in the hydroponic system can also maintain a stable ideal water temperature 
of 31ºC. From this result, the problem with floating hydroponics can be prevented by using venturi in floating 
hydroponics. Several studies from [27] [28] [29] found that using microbubble technology will result in optimal 
hydroponic systems. Oxygen absorbed by the roots affects the growth of lettuce plants. The average height of 
lettuce plants using the venturi dual nozzle 22 days after planting was 19.23 cm (Figure 3). 

 
Figure 3. Lettuce crop yield. 

According to [47] [15], the use of microbubbles increases plant vegetative growth in plant height and number 
of leaves. They also found that using a venturi nozzle will produce air bubbles which can increase the dissolved 
oxygen content in the water. Other studies by [30] [31] [32] also stated that microbubble technology can increase 
the amount of oxygen concentration in water because more air bubbles are produced. 

Research on the use of a hydroponic system with added nutrients by [33] resulted in a height of 15.60 cm for 
lettuce plants 20 days after planting. Research on several types of hydroponic growing media by [34] shows that 
the average height of lettuce plants 21 days after planting was 12.80 cm. Optimal oxygen content can improve root 
performance, especially the absorption speed of water and mineral nutrients [35]. The presence of oxygen in the 
root area will increase the respiration rate. Root respiration is useful for the development of root cells and 
absorption of plant nutrients. Aerobic respiration produces sufficient energy in the process of absorbing water and 
mineral nutrients which causes plants to grow and develop well. This is supported by research done by [36] [37] 
[38], where they found that oxygen plays an important role in the metabolic process that produces energy in cells, 
so a lack of oxygen in the root area will disrupt metabolic activity and energy production. 

The average weight of fresh lettuce plants 22 days after planting was 33.6 grams. The oxygen produced by 
the microbubbles will push nutrients into the plant root cell walls. Rapid uptake of water and nutrients by roots 
will increase the net assimilation rate and plant growth rate, so that sufficient nutrition can increase plant growth 
and production. According to [8], lettuce growth and production elevated with an increase in oxygen 
concentration in the planting medium. Other research on the response of lettuce plants to various types of nutrients 
using a hydroponic system is done by [39]. They found that the average fresh weight of plants 28 days after 
planting was 26.62 grams. [40] used a modified floating hydroponic system and obtained an average weight of 
fresh lettuce plants 35 days after planting as 23.53 grams. [41] [42] found that plant growth was 2.1 times larger 
in high concentration dissolved oxygen compared to normal dissolved oxygen. This was result from increasing 
in the hydraulic conductivity of the roots that cause greater mineral absorption and more efficient photosynthesis. 

According to [43] [44], plants that lack oxygen in the root area will have their metabolism affected and reduced 
productivity. Lack of oxygen also causes unstable nutrient transport and slows plant growth. This is in tune with 
the statement of [45] [46] that symptoms of nutrient deficiencies include stunted growth of roots, stems, and leaves, 
leading to decreased yield. The analysis of variance showed that the distance of the plant from the venturi nozzle 
had no effect on lettuce yield (Table 1). This shows that dissolved oxygen is homogeneous in the hydroponic pond 
and is not a factor causing differences in plant yields. The application of a ventury model aerator with double 
nozzles placed in the middle of the pond, produces microbubbles that are evenly distributed in the floating 
hydroponic nutrient solution. 
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4. CONCLUSION 
 The use of a dual nozzle ventury in floating hydroponics with a pressure of 240 KPa produces a bubble size 
of 200 - 300 m and a spray range of 6.13 cm with a resistance of around 3.2-4.6 seconds. The average height and 
fresh weight of lettuce plants at 22 days after planting were 19.23cm and 33.6g respectively. The use of a venturi 
nozzle in a floating hydroponic system can increase dissolved oxygen in the root area, thereby increasing lettuce 
plant yields. The fresh weight had no effect due to differences in plant distance from aerator system on lettuce 
plants. 
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