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ABSTRACT 
 

  

The green lettuce and Curly red lettuce have a high potential to be developed as 

commercial crops on limited land with verticulture cultivation system. The use of 

this cultivation system must be supported by adequate nutrients and water in 

addition to optimal environmental conditions. By using the vertical hydroponic 

plant cultivation method will increase the growth of Curly red and green lettuce 

plants. The method used is an experimental method and the data is processed using 

polynomial analysis method and descriptive method. The observation parameters in 

this study consisted of main parameters (flow rate, power requirement, energy 

requirement, and water pressure calculation). In addition, supporting parameters 

were evaluated including plant height, leaf count, fresh weight of plants, plant 

productivity, and harvest yield. Data were analyzed using descriptive and 

regression methods. The power requirement used from the initial stage of 

transplanting to harvest is 640.8 W. The total energy requirement used from the 

initial planting process to the harvest process is 2563.2 Wh. The average AB mix 

requirement of each stage of plant is 972.0 ppm; 1231.9 ppm; 1158.1 ppm; 1092.4 

ppm. Flow rate is directly proportional to temperature; if the temperature increases, 

the flow rate for nutrients will increase, and if the temperature decreases, the flow 

rate will decrease for the fertigation system. 

1. INTRODUCTION 

Lettuce is a horticultural crop with high prospects due to its popularity as a vegetable, especially among vegetable 

enthusiasts. Siregar et al. (2018) elucidated that lettuce consumption is rising due to the increasing population and 

technological advancements, leading to heightened awareness among the people regarding healthy living through 

vegetable consumption. Lettuce is increasingly favored by the public due to its raw consumption suitability and is 

included as ingredient in fast food that are currently trending. Lettuce cultivation is promising; apart from the taste 

aspect, this plant can be cultivated hydroponically, especially in urban areas with limited land (Jumiati et al., 2022). 

Hydroponic cultivation is rapidly expanding in urban areas (Ambarwati & Abidin, 2021; Anggraini, 2020). Land 

constraints and space limitations have led to increased hydroponic cultivation activities in urban areas (Kurniawati et 

al., 2020; Mazlina et al., 2021; Sinaga et al., 2022; Sulastri et al., 2021). Vertical hydroponic applications (Hadi et al., 

2022; Supriyanta et al., 2021) support the cultivation of green lettuce (Zulkifli & Zulfida, 2021) and curly red lettuce. 

Verticulture hydroponic systems equipped with fertigation greatly support cultivation in limited land areas (Aini & 

Azizah, 2018). Fertigation is a method of simultaneous fertilizer application with irrigation for cultivated plants 
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(Muharomah et al., 2020; Nabi et al., 2017; Siregar et al., 2018). In this method, fertilization and irrigation are 

conducted simultaneously to optimize nutrient absorption for the growth of cultivated plants (Lanya et al., 2020; Muli 

et al., 2021; Pitono, 2019; Rohmah et al., 2018). Irrigation systems with fertigation would be easier and more 

controlled if applied automatically (Kholilah et al., 2021). Automatic fertigation irrigation systems in verticulture 

hydroponic cultivation would enhance water and fertilizer usage efficiency (Nikmatullah et al., 2023). 

Air temperature can serve as a reference in the control system used in verticulture hydroponic. Temperature is one 

of the environmental factors that support the growth of cultivated plants (Dewanto et al., 2020; Riyanti & Prastyo, 

2022). Increased air temperature will escalate water usage for the growth of cultivated plants (Nasution & Harahap, 

2022). The design of hydroponic irrigation for plant verticulture is utilized for curly red and green lettuce cultivation 

using a control system based on air temperature to enhance irrigation flow for curly red and green lettuce cultivation. 

Controlled irrigation systems in green and red lettuce cultivation will enhance effective and efficient production of 

curly red and green lettuce. The use of a control system in lettuce cultivation, besides influencing increased production 

and efficiency, will require energy. The objective of this research is to determine the electric energy requirements and 

ascertain the AB Mix consumption recommendation needs for verticulture of curly red and green lettuce.  

2. MATERIAL AND METHODS 

The equipment used in this research are as follows: 1) 12V Battery, 2) Cutter, 3) DC wattmeter, 4)  Pipe dop               

(diameter 4 inch), 5) Plastic drum, 6) Bucket, 7) End cap / hose plug, 8) Water filter, 9) 5L measuring cup, 10) Pipe 

saw, 10) Grinder, 11) Hot gun, 12) Thermohygrometer, 13) Hose connector, 14) Tap/valve, 15) Pipe glue, 16) Net pot, 

17) Ruler, 18) 1.5m and 2m long (diameter 4 inch) PVC pipes, 19) DC water pump, 20) Rockwool, 21) One set of drip 

irrigation tools with NFT hose on Verticulture pipe, 22) 0.5 cm diameter clear hose (pump input debit system) 10m 

long, , 24) Marker, 25) TDS/EC Meter, 26) Digital Timer. The materials used in this research are as follows: 1) AB-

Mix nutrient material, 2) Green lettuce and curly red lettuce. 

 

    

 (a) (b) (c) (d) 

Figure 1. Controlled verticulture hydroponic system: (a) system design, (b) emitter for fertigation, (c) net pot on the pipe hole, and 

(d) pipe for verticulture system 

2.1. Preparation for Verticulture System 

The vertical pot system was designed to meet the water needs of lettuce plants (Figure 1). Lettuce plant varieties were 

segregated within different vertical systems. The nutrient source originates from the same reservoir. The net pot was 

placed in a hole with a slant (about 10 degrees) so that the water does not spill out. Water was sprayed through a 

nozzle placed under the Net pot. The wick on the net pot was sprayed with a liquid mixture of water and nutrients (test 

concentration) through nozzles connected in series and in parallel. The mixture was pumped through a hose. 
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The 4-inch diameter PVC pipe was cut to lengths of 2 m (pipe A) and 1.5 m (pipe B). The pipe was then drilled 

with a diameter of 5 cm which will be used as a support for the net pot. The space between holes was 30 cm for 2 m 

PVC (pipe A) and 20 cm for 1.5 m PVC (pipe B). Thus, both pipes were supported with 8 plant holes. The pipe was 

drilled using a hole cutter according to the size of the net pot. The pipe was then heated using a hot gun until a hole 

can be made in the pipe using a used glass bottle. Next, the net pots were installed in the hole. 

2.2.  Automatic Fertigation System Construction 

The prepared pipes A and B were equipped with hoses and drip emitters on the planting holes (8 pieces). Hoses and 

drip emitters were assembled according to the holes that have been made. The other part of the hose was connected in 

series to the irrigation water and AB Mix fertilizer mixture reservoir. The control system of drip flow rate (dripper) 

was adjusted according to the temperature in the growing medium. 

2.3. Seedling and Seed Transfer to Planting Holes 

Lettuce seeds are selected by soaking them in water. Seeds that sink were selected and planted in a nursery bed, which 

is a plastic tray with a size of 50 cm x 30 cm x 5 cm. Rockwool was cut to size of 2.5 cm x 2.5 cm x 3 cm and then 

arranged in the tray. A piece of rockwool was filled with one seed of curly green lettuce or curly red lettuce. Rockwool 

was wetted with water until saturated. The seed tray with rockwool containing the seeds was placed in a dark place for 

24 h until the seeds germinated. After the seeds sprouting, the seeding tray was moved to a place exposed to sunlight 

for seven days until the curly lettuce seedlings grow leaves. The lettuce seeds were then transferred to the prepared 

planting media (net pots) (one curly lettuce seed for each netpot). One pair of pipes A and pipe B were used for red 

lettuce and another pair for green lettuce cultivation. Solution of Fertilizer A and Fertilizer B (500 g each) were 

prepared and then stored in bottles A and B. A container was filled with the nutrient solution of fertilizer A and 

fertilizer B and water according to the dosage (The CaCl2 stock is prepared by dissolving CaCl2 in 1000 mL of water.) 

(Kamalia et al., 2017). A timer is set to operate 3 times (at 07:00, 13:00, and 16:00) for 2 min a day so that the plant's 

water needs are always met. 

2.4. Parameters and Measurements 

Temperature and relative humidity data during plant growth were measured with a thermohygrometer and electrical 

power was measured with a DC watt meter (at 07:00, 13:00, and 16:00). Plant growth data was taken at every 16:00. 

The EC value of the solution in the reservoir was measured daily at 16:00 using TDS and EC meters. Lettuce water 

requirements were measured daily by measuring water loss in the water and nutrient reservoirs. Plant growth was 

recorded daily including plant height and number of leaves. After harvest, the wet weight of the plants was recorded. 

Flow rate measurements were carried out to determine the performance of the DC pump used in this study. The 

relationship between fertigation system and flow rate is to evaluate if the generator uses more power. The higher the 

power used, the higher the operational cost. Flow rate also affects plant growth in the fertigation system because too 

rapid water flow will hinder the plant growth process, making it difficult for plant roots to absorb the nutrients 

contained in the water (Rosnina et al., 2022; Asmana et al., 2017). As stated by (Krishnastana et al., 2018), the flow 

rate (Q, L/min) can be calculated from the amount of water volume (V, L) delivered during a period of time (t, min) 

using the following equation: 

Q = V/t         (1) 

2.4.1. Power and Energy Requirement 

Power (P, watt) and energy (E, Wh) requirement were simply calculated from electric current (A, ampere) and voltage 

(V, volt) during a time t (h) according to Equation (2) and (3), respectively (Rifki & Rijanto, 2017). 

P = V × I       (2) 

E = P × t      (3) 
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2.4.2. AB Mix Nutrient Concentration 

Nutrient concentration of the AB Mix was observed using an EC meter. This observation was started from the first day 

of plant transfer to the vertical planting media until harvesting. 

2.5. Data Analysis 

The polynomial regression method was employed to determine the AB mix fertilizer requirements for the cultivation 

of curly red and green lettuce. Additionally, a regression approach was used to determine the amount of electric power 

and energy required to maintain red and green lettuce plants. The observation parameters in this study consisted of 

main parameters (flow rate, power requirement, energy requirement, and water pressure calculation). In addition, 

supporting parameters were evaluated including plant height, leaf count, fresh weight of plants, plant productivity, and 

harvest yield. Data were analyzed using descriptive and regression methods. 

3. RESULTS AND DISCUSSION  

3.1. Irrigation Flow Rate in Vertical Cultivation of Green and Curly Red Lettuce 

Observation results on flow rate variables and temperature variables in the fertigation irrigation system can be seen in 

Figure 2. From the observed data/week, the average flow rate measured at 07:00 is 2.18 L/min, at 13:00 is 2.23 L/min, 

and at 16:00 is 2.19 L/m. Observation results on air temperature, the average at 07:00 is 27.7 C, the average air 

temperature at 13:00 is 29.7 C, and the average air temperature at 16:00 is 29 C. As the temperature increases, the 

flow rate also increases. It can be concluded that the flow rate is directly proportional to the air temperature. From the 

graph, it can be observed that the fertigation system operates according to the principle of fertigation system, which is 

regulated according to temperature conditions. 

 

 

Figure 2. Average flow rate for curly red and green lettuce as well as temperature  

According to the research design, the flow rate is regulated using speed controllers to adjust pump pressure, and 

the operation principle of the fertigation system is regulated by temperature conditions (Yerkat et al., 2017). The 

difference in flow rates occurs because the branching drip circuit causes pressure loss from the pump thrust, resulting 

in suboptimal flow rates, and affecting plant growth. Installation of serial pumps does not affect the increase in flow 

rate but significantly affects the increase in pump pressure and hydraulic power. Meanwhile, the installation of parallel 

pumps significantly affects the increase in flow rate but does not affect the increase in pump pressure and hydraulic 

power (Syahrizal & Perdana, 2019). 

3.2. Power Usage 

Observation results of power usage in vertical fertigation systems of curly red and green lettuce can be seen in Figure 

3. From the observation data in Figure 3, the power requirements used from the initial transplanting stage to harvest 
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for green lettuce are 640.8 W (a), while for curly red lettuce it is 450.6 W (b). This indicates that the total power usage 

is highest in maintaining green lettuce, with a difference of approximately 190.2 W. The relationship between power 

requirements during maintenance until harvest for curly red lettuce can be determined by the following equations: 

 
Figure 3. Accumulative power requirement for curly red lettuce and green lettuce  

 

 

 

Figure 4 Air temperature (°C) and energy (Wh) for curly green lettuce and red lettuce during maintenance 

 

The total power usage during the maintenance of green and curly red lettuce plants is 640.8 W and 450.6 W, respectively. Red 

and green lettuce utilize power ranging from approximately 21 to 26.1 W, depending on the air temperature. This can be observed 

in Figure 4. For 28 days after planting, curly red and green lettuce plants utilize the lowest power, with 21 W and 26.1 W, 

respectively. Meanwhile, the highest power usage during daily maintenance for curly red and green lettuce plants with automatic 

vertical cultivation systems is 26.7 W and 31.5 W, respectively. 

This irrigation system utilizes real-time temperature data for automatic control of the pump. As the temperature rises, the flow 

rate automatically adjusts to ensure a higher flow rate of water to the vertical cultivation system. The power usage in this automatic 

vertical irrigation system is influenced by the pump's energy consumption, which functions to provide flow to this vertical 

cultivation system. This pump operates with speed control settings following air temperature. The greater the flow rate, the higher 

the power usage, leading to increased operational costs. As observed in the test, the highest power requirement is in maintaining 

green lettuce compared to cultivating curly red lettuce. The optimal pump flow controller based on air temperature is in cultivating 

curly red lettuce. Whereas, in the pump of the green lettuce vertical cultivation system, the power usage is quite high compared to 

cultivating curly red lettuce, even though the air temperature is the same. 

3.3. Energy Consumption 

Observation results on the energy consumption of the automatic vertical hydroponic cultivation system for green and 
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harvest is 2563.2 Wh for green lettuce and 640.8 Wh for curly red lettuce. The highest energy requirement for green 

lettuce cultivation is on the thirteenth day, which is 106.8 Wh, while for curly red lettuce, the highest value is on the 

6th day after transplanting, which is 31.5 Wh. The lowest energy requirement for green lettuce cultivation is on the 

twenty-eighth day, which is 84 Wh, and for curly red lettuce, it is 26 Wh on the 21st day. Energy requirements are 

directly proportional to the power requirements of the fertigation system. The higher the power requirement needed by 

the fertigation system, the greater the energy requirement. Fertilization activities consume 44% of the total energy 

usage in agricultural land (Shine et al., 2020), which also affects operational costs, especially in hydroponic vertical 

cultivation. Energy usage comes from electricity, thus increasing operational costs in agricultural production activities. 

To reduce costs in fertilization activities, an integrated osmosis method can be used (Dewanto et al., 2020). 

 

Figure 5. Energy consumption graph in vertical cultivation of green and curly red lettuce  

The difference in energy requirements needed by the fertigation system is influenced by manual speed controller 

settings and the duration of flow rate. Hence, the longer the flow rate duration and the higher the power requirement 

value, the greater the energy requirement. To reduce operational costs using PLN electricity, a hybrid system with 

solar energy as a combination of energy usage in fertilization activities in crop cultivation is recommended (Brekel et 

al., 2023; Bina et al., 2018). 

 

Figure 6 Graph of AB Mix nutrient solution concentration during cultivation of curly red and green lettuce  
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after planting (DAP) to 7 DAP. The second stage is from 8 DAP to 14 DAP for curly red and green lettuce. The third 

stage is from 14 DAP to 21 DAP, and the fourth stage is from 22 DAP to 28 DAP. The concentration of AB mix in 

each stage of plant growth can be seen in the table below: 

Table 1 Concentration of AB Mix solution (ppm) during maintenance of curly red and green lettuce plants 

Stage of Plant 

Growth 

Plants Age 

(DAP) 

Average 

Concentration 

Minimum 

Concentration 

Maximum 

Concentration 

1 1-7 972.0 862.0 1196.0 

2 8-14 1231.9 1150.0 1325.0 

3 14-21 1158.1 980.0 1339.0 

4 22-28 1092.4 980.0 1230.0 

The AB Mix solution requirement during the maintenance of curly red and green lettuce plants using the vertical 

cultivation method can be seen in the figure below: 

 

Figure 7 Graph of AB Mix solution requirement (ppm) during cultivation of curly red and green lettuce  

From the observation data, at ten days old, the nutrient solution concentration used by the plants is 17 ppm. At fifteen 

days old, it is 53 ppm, at twenty days old, it is 193 ppm, at twenty-five days old, it is 599 ppm, at thirty days old, it is 

737 ppm, and at thirty-five days old, it is 1290 ppm. The addition of AB mix nutrient solution concentration can be 

calculated from the plant age (x, days) using the following equation: 

y = 0.3 x
2.5065

    (R
2
 = 0.9857)   (6) 

Nutrient deficiency can slow down plant growth and development. The optimal nutrient range for lettuce plants is 560-
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1, 2, 4, 5, 7, 11, 14, 15, and 16. 
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Figure 8. Height of curly green (top) and red lettuce (bottom) plants  

 

 

 

Figure 9. The number of leaves of curly green (top) and red lettuce (bottom) plants 
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According to (Wahyuni & Parmila, 2019; Waskito et al., 2017), the ability of the medium to retain water and 

provide nutrients will affect plant growth for optimal growth. This research shows that the optimal nutrient availability 

for lettuce plants is 9 leaves in curly red lettuce cultivation. The automatic temperature control vertical irrigation 

system provides nutrients directly with irrigation. The pump provides energy to the top with each emitter delivered to 

the planting hole. Optimal growth occurs in planting holes 4, 9, and 15. This means that the water seepage from the 

drip emitter accumulates in planting holes 4, 9, and 15. The drip is arranged in series up to the planting holes at the 

top. This causes the drip rate at the bottom to be less optimal than at the bottom, resulting in uneven distribution of 

nutrients and water delivered by the fertigation system to all plants. 

4. CONCLUSIONS  

The conclusions drawn from the research conducted using the verticulture method to observe the electrical energy 

requirements of curly red lettuce plants (Lactuca sativa var.) are as follows: The power requirement used from the 

initial stage of transplanting to harvest is 640.8 W. The difference in power requirements needed by the fertigation 

system is influenced by the manual adjustment of the speed controller and the duration of the flow rate. The total 

energy requirement used from the initial planting process to the harvest process is 2563.2 Wh. The average AB mix 

requirement for each plant phase is 972.0 ppm; 1231.9 ppm; 1158.1 ppm; 1092.4 ppm. Flow rate is directly 

proportional to temperature; if the temperature increases, the flow rate for nutrients will increase, and if the 

temperature decreases, the flow rate will decrease for the fertigation system. An automatic irrigation system 

(temperature-based) will enhance lettuce production, with increasing power and energy requirements. Differences in 

flow rates occur due to branching drip systems causing pressure loss from the pump's driving force, resulting in 

suboptimal flow rates. The recommendation from this study is that it is better if the drip system is placed from the 

center so that the flow rate is more even and optimal, as it significantly affects plant growth. 
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