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Abstract---The development of electronic technology in the era of globalization is very rapid. Utilization of this 

technology as a means to assist in agriculture, especially hydroponic plantations that are currently developing, to 

obtain optimal results, it is necessary to monitor the humidity and temperature conditions of the growing media. In 

previous research, a system was made that was able to maintain the humidity and temperature of the water following 

what the plant needed. The tool consists of a temperature sensor, humidity sensor, ATMega328 microcontroller, 

ADC and water pump. Temperature and humidity sensors function to detect temperature and humidity. The ADC 

functions to change the amount of voltage measured by temperature and soil moisture into a digital quantity which is 

then forwarded to the ATMega328 microcontroller to be processed into a digital display on the LCD. The 

ATMega328 microcontroller also regulates the ON and OFF of the water pump engine.  The next research is to 

apply the tools that have been made in real terms. This research will apply the tools that have been made to the water 

spinach plant (Pomea Aquatic Forsk). 

Keywords---ADC, ATMega328, humidity, temperature, water spinach. 

 

 

Introduction 
 

Agriculture has now shifted from natural farming to a hydroponic model because agricultural land in the form of 

land is limited. Hydroponics is planting without soil. The media used for hydroponic planting uses water, gravel, 

coarse sand, rockwool coconut fiber, perlite and wood fiber. Several things influence plant growth in a hydroponic 

plant system, including: environmental conditions, water, nutrient solutions, light, nurseries, plant media, and 

measuring tools (Permana et al., 2021). 

Water functions as a nutrient solvent as well as an important substance needed by hydroponic plants. You must 

pay close attention to the condition of the water because excess and dirty water can disrupt the plant growth process 

(Kimball et al., 1997; Davis et al., 2016). Hydroponic plants require the right amount of water according to the 

environmental conditions of the day, therefore proper watering control is needed. So this research will be carried out 

on the application of a hydroponic plant watering automation tool based on the ATMega328 microcontroller to water 

spinach (pomea aquatic Forsk) plants (Zakariyya et al., 2017; Sharma et al., 2023). 
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Materials and Methods 
 

This research will apply tools that have been made to kale plants (pomea aquatic Forsk). In this research, the growth 

components of kale plants will be observed, namely: plant height, number of leaves, stem diameter, leaf area and 

physiological parameters observed including chlorophyll content, carotenoid content, and number of stomata 

(Agustono & Paramita, 2010). 

 

Results and Discussion 
 

To plant vegetables using a hydroponic system you can do it in several steps, namely: The first stage is to sow kale 

seeds using rock wool. The method is quite easy, starting with wetting the rock wool that will be used for sowing 

(Kastella, 2019). After that, make a planting hole in the rock wool using a toothpick or something similar (Hock, 

2003; Demirbas, 2004). Place the seeds in the planting hole and cover the seedlings until the seeds burst (1-4 days) 

as shown in Figure 1. After bursting the new seeds expose the seedlings to sunlight. After the seedlings grow true 

leaves (1-7 days), the seedlings are ready to be transplanted as shown in Figure 2. 
 

 
Figure 1. Seedling results in 1-4 days 

 
Figure 2.  Results of kale plants after 7 days 

 

The second stage is to move the plant to the net pot that will be used. Before moving it to the net pot, first, fill the net 

pot with a flannel cloth. After the netpot is filled with flannel cloth, the water spinach plants are transferred to the 

netpot along with the rock wool (Fu et al., 2011; Yang et al., 2012). After the plants are moved to the netpot, the kale 

is planted and the plants are placed in a hydroponic system. As in Figure 3. 
 

 
Figure 3. Water spinach plants that have been transferred to a hydroponic system 

 

Plant growth component data is taken by measuring and recording plant height, number of leaves, stem diameter, 

leaf length and leaf width. The results of the data recording are shown in Table 1. 
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Table 1  

Observation data on the growth of water spinach plants 

 

 
Height  

(cm) 

Stem diameter 

(cm) 

Leaf length 

(cm) 

Leaf width 

(cm) 

Number of 

leaves (pieces) 

k1 30 0.3 5 1 8 
k2 21 0.3 7.5 1.4 8 
k3 19 0.3 3.5 1.2 7 
p1 32 1 20 4 32 
P2 29 1.1 18 3 30 
P3 26 1.2 18 2 24 
P4 26 1.2 21 4 24 
p5 26 1.1 21 5 24 

 Ki = control 

 Pi = plants are given treatment 

 

Component data Physiological parameters including chlorophyll content, and carotenoid content were tested in the 

LAB with FMIPA with UV-Vis and the number of stomata was carried out in the LAB. Biology FMIPA Udayana 

University with results as shown in Table 2. 

 

Table 2 

Physiological Data of Water Spinach Plants 

 

Treatment 

 

chlorophyll content 

(mg/Kg) 

carotenoid content 

(mg/100 g) 

number of stomata 

stomata/10mm2) 

k1 168.02 11651.26 15 

k2 139.30 8119.41 11.4 

k3 279.60 11758.17 19.4 

p1 366.90 10780.87 12.6 

P2 423.50 11130.91 17.4 

P3 328.82 10052.01 8.8 

P4 254.75 8390.49 8.4 

p5 343.59 7101.19 11.6 

 

Plant height, number of leaves, stem diameter, leaf length and leaf width from the data in Table 1 can be graphed as 

in Figure 4. 

 

 
Figure 4. Growth graph of kale plants 
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Figure 4, it can be seen that the control plants have a smaller stem diameter compared to the treated plants. If you 

look at the height of the plants, the plants that were given the treatment are taller when compared to the control, if 

you look at the length and width of the leaves, the plants that were given the treatment are wider and longer when 

compared to the plants that were not given the treatment and if you look at the number of leaves produced It was also 

found that a greater number of leaves were treated when compared to those that were not treated (Wang et al., 2008; 

Bashir et al., 2018). Physiological Data on Water Spinach Plants as in Table 2 can be graphed in Figure 5. 

 

 
Figure 5. Graphed Physiology of Water Spinach Plants 

  

Figure 5, shows that the chlorophyll content and carotenoid content of control plants are smaller than that of treated 

plants, while the number of stomata produced by control plants is greater than that of treated plants. 

 

Conclusion 

 

The conclusions from the research that has been carried out are as follows: 1. The ATMega328 microcontroller-

based hydroponic plant watering automation tool can be applied to water spinach plants (pomea aquatic Forsk; 2. 

From plant development, the results showed that control plants had smaller growth compared to treated plants; 3. 

Plant physiology shows that the chlorophyll content and carotenoid content of control plants are smaller than that of 

treated plants, while the number of stomata produced by control plants is greater than that of treated plants. 
 

  

Acknowledgements 

Praise God, the writer offered the Presence of God Almighty because of His blessings and blessings the writer could 

complete this paper. On this occasion, we also did not forget to thank: the Udayana University Chancellor as the fund 

holder, Udayana University Institute of Research and Community Service (LPPM) who provided the opportunity to 

carry out research, the Dean of the Faculty of Mathematics and Natural Sciences, Udayana University, Physics Study 

Program, University Mathematics Faculty Udayana and Friends of the Physics Study Program Lecturer at Udayana 

University. 

 

 

References 

Agustono, A. S. W., & Paramita, W. (2010). Kandungan Protein Kasar dan Serat Kasar pada Daun Kangkung Air 

(Ipomoea aquatic) yang Difermentasi. Journal Ilmiah dan Kelautan, 2(1). 

Bashir, S., Zhu, J., Fu, Q., & Hu, H. (2018). Cadmium mobility, uptake and anti-oxidative response of water spinach 

(Ipomoea aquatic) under rice straw biochar, zeolite and rock phosphate as amendments. Chemosphere, 194, 579-

587. https://doi.org/10.1016/j.chemosphere.2017.11.162 

Davis, R. E., McGregor, G. R., & Enfield, K. B. (2016). Humidity: A review and primer on atmospheric moisture 

and human health. Environmental research, 144, 106-116. https://doi.org/10.1016/j.envres.2015.10.014 

Demirbas, A. (2004). Effects of temperature and particle size on bio-char yield from pyrolysis of agricultural 

residues. Journal of analytical and applied pyrolysis, 72(2), 243-248. https://doi.org/10.1016/j.jaap.2004.07.003 

Fu, H., Xie, B., Ma, S., Zhu, X., Fan, G., & Pan, S. (2011). Evaluation of antioxidant activities of principal 

carotenoids available in water spinach (Ipomoea aquatica). Journal of Food Composition and Analysis, 24(2), 

288-297. https://doi.org/10.1016/j.jfca.2010.08.007 

0

2000

4000

6000

8000

10000

12000

14000

k1 k2 k3 p1 P2 P3 P4 p5

chlorophyll content
(mg/Kg)

carotenoid content
(mg/100 g)

number of stomata
stomata/10mm2)

https://doi.org/10.1016/j.chemosphere.2017.11.162
https://doi.org/10.1016/j.envres.2015.10.014
https://doi.org/10.1016/j.jaap.2004.07.003
https://doi.org/10.1016/j.jfca.2010.08.007


         38 

Hock, R. (2003). Temperature index melt modelling in mountain areas. Journal of hydrology, 282(1-4), 104-115. 

https://doi.org/10.1016/S0022-1694(03)00257-9 

Kastella, A. (2019). Pertumbuhan Tanaman Kangkung (Ipomeaguatice Forsk) Sebagai Indikator Tingkat 

Pencemaran Air Sungai. Biolearning Journal, 6(2), 47-51. 

Kimball, J. S., Running, S. W., & Nemani, R. (1997). An improved method for estimating surface humidity from 

daily minimum temperature. Agricultural and forest meteorology, 85(1-2), 87-98. https://doi.org/10.1016/S0168-

1923(96)02366-0 

Nandy. (2021).   Types of Hydroponic Plants that are Easy to Plant, Jenis Tanaman Hidroponik Yang Mudah 

Ditanam - Best Seller Gramedia, Gramedia. 

Permana, A. N., Wibawa, I. M. S., & Putra, I. K. (2021). DS18B20 sensor calibration compared with fluke hart 

scientific standard sensor. International Journal of Physics & Mathematics, 4(1), 1-7. 

https://doi.org/10.31295/ijpm.v4n1.1225  

Putri, K. S. (2019). Cultivation of Mustard/Caisin Vegetables, Water Spinach, Katuk, Scallions; 

Sayuran_SawiCaisin_Kangkung_Katuk_Bawang_Daun.pdf (jabarprov.go.id). 

Sharma, D., Jain, R. K., Sharma, R., Shan, B. P., & Shiney, O. J. (2023). Analysis of BPM/Pulse rate and its 

correlation with BMI for sprint activity using ATMega328 based Arduino Uno. Materials Today: 

Proceedings, 80, 3851-3856. https://doi.org/10.1016/j.matpr.2021.07.401 

Ucihadiyanto. (2021). Kangkung, Kangkung : Klasifikasi, Nama Ilmiah, Tanaman, Ciri-Ciri & Jenis 

(tanahkaya.com). 

Ucihadiyanto. (2021). Water Spinach Cultivation, Budidaya Kangkung : Kangkung Darat, Kangkung Cabut, & 

Kangkung Air (tanahkaya.com). 

Wang, K. S., Huang, L. C., Lee, H. S., Chen, P. Y., & Chang, S. H. (2008). Phytoextraction of cadmium by Ipomoea 

aquatica (water spinach) in hydroponic solution: effects of cadmium speciation. Chemosphere, 72(4), 666-672. 

https://doi.org/10.1016/j.chemosphere.2008.03.034 

Yang, U. J., Yoon, S. R., Chung, J. H., Kim, Y. J., Park, K. H., Park, T. S., & Shim, S. M. (2012). Water spinach 

(Ipomoea aquatic Forsk.) reduced the absorption of heavy metals in an in vitro bio-mimicking model 

system. Food and Chemical Toxicology, 50(10), 3862-3866. https://doi.org/10.1016/j.fct.2012.07.020 

Zakariyya, S. O., Salami, A. F., Alabi, O. O., & Usman, A. M. (2017). Design of a Bimodal Home Automation 

System using ESP8266 and ATMEGA328 Microcontroller. Computer Engineering and Applications 

Journal, 6(3), 95-108. 

https://doi.org/10.1016/S0022-1694(03)00257-9
https://doi.org/10.1016/S0168-1923(96)02366-0
https://doi.org/10.1016/S0168-1923(96)02366-0
https://www.gramedia.com/best-seller/jenis-tanaman-hidroponik/
https://www.gramedia.com/best-seller/jenis-tanaman-hidroponik/
https://doi.org/10.31295/ijpm.v4n1.1225
http://distan.jabarprov.go.id/distan/uploads/files_download/Sayuran_SawiCaisin_Kangkung_Katuk_Bawang_Daun.pdf
https://doi.org/10.1016/j.matpr.2021.07.401
https://tanahkaya.com/kangkung/
https://tanahkaya.com/kangkung/
https://tanahkaya.com/budidaya-kangkung/
https://tanahkaya.com/budidaya-kangkung/
https://doi.org/10.1016/j.chemosphere.2008.03.034
https://doi.org/10.1016/j.fct.2012.07.020

