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Abstract

This research aims to design and develop an automatic solar irrigation control system based on soil moisture using
PLC for Mitragyna speciosa. The various types of irrigation techniques and suitable soil moisture for Mitragyna
speciosa, which are important parameters for watering, are discussed in this paper. The proposed system uses
calculation methods for solar power generation to produce electricity for water pumps and control devices. A PLC
board was used to process the information received from a voltage sensor and a soil moisture sensor to initiate
irrigation for Mitragyna speciosa. Additionally, information received from pressure sensors installed on the water pipe
was used to process and control two solenoid valves to turn ON/OFF the water supply to achieve a high-velocity and
high-volume spray by mini-sprinklers suitable for Mitragyna speciosa. The experimental results showed that the water
distribution radius from the water dispenser ranged from 28 to 60 cm, both in low and high sun intensity conditions.
Furthermore, the proposed automatic irrigation system could maintain a soil moisture content of 50-80% for Mitragyna
speciosa throughout all seasons, resulting in a better fecund of Mitragyna speciosa leaves. The ratio of leaves lost

per 1 kilogram of weight was better than the traditional irrigation method by 5.04-9.87%.

Keywords: Mitragyna speciosa, soil moisture, mini sprinkler, solar cell, PLC
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Design and construction of automatic solar irrigation system based on

soil moisture using PLC for kratom (Mitragyna speciosa Korth.)
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Figure 1 Design of automatic irrigation control system.
(a) Satellite Imagery of the proposed
Mitragyna speciosa field (b) Water distribution pipe plan
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Figure 3 Programing flowchart of the proposed system. (a) Main program (b) Sub program
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Table1  Water distribution radius of the mini sprinkler were obtained by changing the DC voltage.

Voltage Measured power Water pressure The lowest value of the measured water distribution radius. (cm)
V) (W) (bar) 1 Testing 2" Testing 3" Testing Average
40 278 0.45 20* 21* 20* 20.33
42 349 0.68 24* 22* 22* 22.67
44 402 0.76 27* 27* 28* 27.33
46 539 0.80 29* 30* 30* 29.67
48 687 0.84 29 27 27 27.67
50 702 0.94 31 30 31 30.67
52 766 0.97 34 34 33 33.67
54 796 0.98 36 36 35 35.67
56 815 1.10 40 38 38 38.67
58 845 1.26 42 43 41 42.00
60 878 1.34 45 44 45 44.67

* Use the pattern of irrigation by alternating the water supply valves in each zone.
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Figure 4 Soil moisture values of Mitragyna speciosa field versus time.
(a) Irrigation time for soil moisture increases to 80% (b) Time for soil moisture decreases to 50%.
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Table 2  Energy consumption for control devices for the irrigation time period.
No. Detail for control devices Quantity Measured power Operate time Energy consumption
(Piece) (W) (h) (Wh)
1 PLC board (Model FX3U-24MR) 1 22.08 8.00 176.64
2 Brass solenoid valve (Model Brass Screw 2/2) 2 29.04 2.00 58.08
3 Voltage sensor (Model VADT) Consume energy from the PLC board.
4 Soil moisture sensor (Model THC-S) 2 0.15 8.00 1.20
5 Pressure sensor 0-10 bar to 4-20 mA 1 0.48 4.00 1.92
6 Relay (Model MY2) 1 1.12 4.00 4.48
Total 242.32
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Figure 5 Schematic for solar panels (a) Feeding to control
devices (b) Feeding to a water pump
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Table 3  The test results of the irrigation control system that affects the water distribution radius for 6 days.
Voltage Measured power Water Pressure Operating of 2 solenoid valves Water distribution radius (cm)
V) W) (bar) Alternate Synchronous Minimum Maximum
12 November 2022
47 466 0.82 v 30 44
58 839 114 v 39 51
69 894 1.46 v 45 56
10 January 2023
49 683 0.86 v 29 48
71 901 1.58 4 50 60
45 416 0.81 v 28 45
24 March 2023
50 704 0.93 v 29 48
73 902.8 1.57 v 51 60
66 851 1.40 v 43 54
17 May 2023
54 736 0.97 v 33 50
70 896 1.49 v 49 57
68 862 1.45 v 45 56
8 July 2023
71 901 153 v 50 57
66 852 1.47 v 42 58
14 September 2023

a7 458 0.81 v 28 43
72 904 1.55 v 51 58
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Figure 6 Results of soil moisture at the base of Mitragyna speciosa for 6 days obtained
from the proposed automatic irrigation system.
Table 4  Results of Mitragyna speciosa leaves were harvested from the proposed area.
N Day/Month/Year Number of leaves obtained by Number of leaves obtained by Percentage of reduced
0.
for harvested proposed system (leaves/kg) traditional irrigation (leaves/kg) leaves/kg (%)
1 21 January 2023 542 589 7.98
2 19 February 2023 544 592 8.11
3 12 March 2023 556 613 9.30
4 7 May 2023 548 608 9.87
5 15 July 2023 528 556 5.04
6 10 September 2023 519 548 5.29
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