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ABSTRACT

In the current global context, there is an urgent need to enhance water
management systems to address abnormal temperatures and climate
change. Particularly on Jeju Island, where a significant proportion of the
population is engaged in agriculture, groundwater constitutes the highest
recorded quantity nationwide, serving as a vital resource for numerous
farms. However, due to insufficient water supply from limited wells, many
agricultural enterprises frequently face challenges in irrigation, leading to a
situation where efficient utilization and systematic management of
agricultural groundwater facilities are lacking.

To tackle these issues, research 1is actively underway to explore
technologies that can efficiently supply and manage irrigation. Among
these, IoT-based agricultural irrigation control systems utilize soil and
groundwater sensors to monitor crop conditions, measure irrigation
quantities, collect data, and enable efficient control of groundwater facilities
through control modules. This system also offers the advantage of
real-time monitoring, allowing farmers to promptly access measured
information and operational data through a monitoring system.
Furthermore, the introduction of agricultural irrigation control systems
proves essential as it enables the rapid recovery of initial investment costs
within a short period.

Therefore, this paper aims to develop an agricultural irrigation control
system based on Jeju Island’s groundwater. The system seeks to
efficiently manage groundwater, integrate smart farming practices, and
enhance the productivity and quality of field vegetable cultivation through

empirical data and economic analysis.
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Fig. 3 Two major underground water wells selected in the final selection
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Table 1 Sequence of environmental measurement of underground water wells

Step 1. Groundwater sensor preparation




Table 2 Environmental measurement of Odong-field underground water wells

| HEE A5 Bag ¢ | Division Avg | High | Low

Groundwater level
12.16 | 17.49 8.55

%
\

(EL)
Groundwater level
43 46.95 | 38.01
(GL)
Pressure 13.33 | 18.38 9.34

Water temperature 15,53 | 19.29 | 15.11

EC 166.7 182 150

Groundwater level Groundwater level Water
Pressue EC

(EL) (GL) temp

Month

Avg High Low Avg High Low Avg Avg Avg

1 14.87 | 1572 | 14.12 | 4063 | 41.38 | 39.79 | 1576 | 15.12 | 177.03

2 13.34 | 14.05 | 12.66 | 42.16 | 4145 | 42.84 | 1421 15.12 | 175.17

3 11.91 12.60 | 11.25 | 43.60 | 44.25 | 42.90 | 12.77 | 15.12 | 173.52

4 10.57 11.2 9.98 4493 | 4552 | 4430 | 11.41 | 15.14 | 169.23

5 9.43 9.94 8.88 46.07 | 46.62 | 4556 | 10.25 | 15.16 | 163.52

6 8.63 8.83 8.55 46.87 | 46.95 | 46.67 9.44 15.20 | 161.47

7 9.09 9.61 8.68 46.41 | 46.82 | 45.89 9.90 15.27 | 161.03

8 9.91 10.21 9.65 4559 | 4585 | 4529 | 10.67 | 15.71 | 161.26

9 12.83 | 1557 | 10.26 | 4268 | 4524 | 39.93 | 13.61 17.42 | 157.83

10 16.53 | 16.80 | 15.68 | 39.00 | 39.82 | 38.70 | 17.29 | 16.79 | 157.83

11 16.31 | 16.69 | 1583 | 39.19 | 39.67 | 38.81 | 17.09 | 15.15 | 162.65

12 l6.67 | 1749 | 1576 | 3883 | 39.74 | 3801 | 17.56 | 15.12 | 179.87

Avg 12.51 = = 43.00 = = 13.33 15.53 166.7




Table 3 Environmental measurement of Jawundang-field underground water wells

Division Avg High Low

Water temperature 16.3 16.6 15.7

EC 316.8 353.8 262.2

Battery inside sensor 3.6 3.6 3.6
Water pressure 35.4 35.5 34.9
Sensor internal air 959 4 960 8 957.1
pressure
Day BC Battery inside Water Ser.lsor internal

temp sensor pressure air pressure
10/15 16.5 353.8 3.6 35.4 960.8
10/16 16.5 306.8 3.6 354 960.7
10/17 16.5 272.0 3.6 355 960.6
10/18 16.5 304.2 3.6 355 960.5
10/19 16.5 326.4 3.6 355 960.5
10/20 16.4 339.9 3.6 355 960.4
10/21 16.4 338.5 3.6 355 960.2
10/22 16.4 337.7 3.6 355 960.2
10/23 16.3 329.2 3.6 35.4 959.4
10/24 16.1 316.3 3.6 35.3 958.8
10/25 15.9 313.8 3.6 34.9 957.9
10/26 16.1 340.4 3.6 35.1 958.8
10/27 16.0 340.7 3.6 35.2 958.2
10/28 16.2 340.9 3.6 35.3 959.0
10/29 16.4 351.6 3.6 355 959.9
11/2 15.7 291.8 3.6 354 957.1
11/3 16.0 320.9 3.6 35.4 958.2
11/4 16.1 337.4 3.6 355 958.8
11/5 16.0 331.1 3.6 35.4 958.5
11/6 16.0 334.5 3.6 35.4 958.3
11/7 15.7 296.9 3.6 354 957.1
11/8 16.4 274.9 3.6 355 959.9
11/9 16.6 262.2 3.6 355 960.5
11/10 16.6 2717.2 3.6 355 960.4
11/11 16.5 279.5 3.6 35.4 960.2
Avg 16.3 316.8 3.6 35.4 959.4
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Table 4 Average annual weather environment of the demonstration site

Average High Low Daily . : Average
Annual . instantanecus .
S— temperature | temperature | temperature | precipitation wind wind speed
(C) (C) (C) (mm) (,,./:) (™6)
K.M.A 17.0 20.3 13.7 3.6 8.7 3.2
Agri.Jeju 16.5 20.6 12.5 3.9 8.9 1.8
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Table 5 Average annual soil environment of the demonstration site

Annual

Average
soil

average | temperature | temperature | temperature | temperature | temperature moisture
(O

32.7
40.8

16.9
19.5

19.3
21.5

18.0
18.3
- ’IO -

13.7
18.3 13.4

17.4

Site #1
Site #2
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Table 6 Average annual soil environment of the demonstration site

Division Soil test Soil moisture(%) Soil humidity(%)
(pH) (Agri.jeju, K.M.A) (Self-measurement)
Site #1 5.2 21.62
32.7
Site #2 5 14.94
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Table 7 Concept of IoT-based agricultural control system

LTE

e

ERL SR B

Sensor part

Control part

Supervision part

Agricultural water
/ground water
observation
Status monitoring

)|

Equipment for irrigation,
irrigation control

* Individual control, central
control system

Water temperature
Groundwater level
electrical conductivity
etc.

Real-time data collection and
storage

Real-time status monitoring
transmission and connection
Establishment of IoT-based
simultaneous measurement
and mutual communication
network

*  Well systemization, remote
control

* Based on real-time monitoring,
status information collection
and status detection

e Abnormality, error
detection and alarm alarm

e Individual control DB

information transferred to

central control system
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Table 8 Development requirements for underground water well control data
collection module

Division Development Requirements

1 MQTT server transmission function using wireless communication

Collection of various sensor data with RS232, RS485, SDI-12, 4-20mA,

2 0-10V output

3 Collection data storage function

4 AC, DC power compatible function
5 Low power consumption

ok o] Hd A LFAES wtorw A AAE W3t en, Table
93 #Zeo] MCU, 98 xE, deolg A%, stolvto] BiE HAUARZ AA FE3A
T MCUE theFe A 19 2 S44& aefste] A "= e ATMEGA2560<
ARt YE X ES Aol RS232 oF 2ad, RS286 9= 24d, ofd =1
A& AR&Sth. ® dolH AE 913 Micro SD
7422 AbgEta A7 ARE 93 RTC RES AFE3it gfojglo] RES A A
2 o] ESP0l RES A3, nlx oz dYR= AC 220Vac 4= AYD v@a 1
7|, DC 7-26Vdc 9849 @2 1715 A&t

4
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Table 9 Detailed design of underground water well control data collection
module development

Division Explanation

MCU e Uses low-power ATMEGAZ2560 considering various
(Micro Controller Unit) sensor inputs and scalability

* RS232 input 2 channels
e RS486 input 2 channels
Input port .
* 8 channels of analog input

e 8 channels of digital input

¢ Use Micro SD card

Data storage
e e Use of RTC module for time information

Wifi module e Use of low-power ESPOl module

p I e 1 AC 220Vac input power terminal
ower su
IR e 1 DC 7 - 26Vdc input power terminal

ST R g AAe RA wAAC] dely #3 w

=l

12Vde, 24Vdc® sUAAT= AHEHE Y AMe] ddS w5387 913
AbEE T J109] RS485 to TTL ZAHWE = RS485 &3S MCUC ARE 7hs gt
Aoz wAFE AWERZA RS48 4 £ A= AAM9 dHolHE 3
5317] flske] AgEY D2-D59 13 %= LED: #x 1Y LED, MCU %

LED, WIFI =2t LED, MQTT LEDZ dlo]g 3
7] 98l AFgET U229 XEAZHE @ed 2939 /doe® On/Off Ao
Z 93 FFoln SDI-12 A9 AYS On/Offstr] sl Alg=t. J219 49
AYE & 5Vdc, 12Vde, 24Vde &8 7M1 & XEZ tdst AAe] deds
wet7l 9l ARkl HelE e AYE ol J159 63 AYEE 4-20mA

X

=

AA o) 2% AHE s

¢} 1 1o

-

of
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Fig. 8 Underground water well control data collection module design
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Table 10 Underground water well control data collection module part diagram

Name Model name Name Model name
J1 USB_A/F type J19 5EHDR
]2 AM2302 J20 5EHDR
J4 SUW100512B J21 5EHDR
J5 DS1302 J22 USB_A/F type
J6 SZH-EKO051 J23 MCU
]8 RDO079 Ul MAX3232
J10 SZH-CVBE-013 U2 G3VM-41Y1
R1, R3, R4, .
J12 ada-3328 SMD type resistor
R11,R12
J13 ada-3328 R2 SMD type resistor
R5, R6, ) .
J14 5EHDR Axial type resistance
R7, R8
J15 5EHDR R9, R10 SMD type resistor
Cl1, C2, C3, SMD type ceramic
J16 5EHDR )
C4, C5, C6 capacitor
J17 5EHDR D1 High brightness LED
D2, D3, ) )
J18 5EHDR High brightness LED
D4, D5
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Table 11 Underground water well control data collection module circuit diagram

key description

Name

Explanation

J1

USB_A type connector: Data acquisition device input power port, 5Vdc

J4

DC/DC converter: A converter that boosts input power 5Vdc to 12Vdc
or 24Vdc
Purpose: Used to supply power to various sensors

J10

RS485 to TTL converter: A converter that changes RS485 output to a
voltage usable by the MCU
Purpose: Used to acquire data from sensors with RS485

communication output

D2

D5

High brightness LED

Purpose: Used to check various statuses of data collection devices

% D2:Device power LED, D3:MCU operation LED, D4:WIFI operation LED,

D5:MQTT operation LED

U2

Photocoupler: Part for On/Off control with a simple switch concept
Purpose: Used to turn on/off the power of the SDI-12 sensor

% The SDI-12 sensor output must be turned on/off at all times to update

the measured value

]22

USB_A type connector: USB port to supply power to the LTE module

J21

4-pin connector: Port with 5Vdc, 12Vdc, 24Vdc output
Purpose: Connector considering user convenience to supply power to

various sensors

J15

6-pin connector: analog input port with 4-20mA input (4 channels)
Purpose: Connector considering user convenience to acquire data from

various sensors with 4-20mA output

J20

2-pin connector: analog input port with 0-5Vdc input (2 channels)
Purpose: Connector considering user convenience to acquire data from

various sensors with 0-5Vdc output
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J14

4-pin connector: 1 input port for RS485 communication (1 channel)
Purpose: A connector for user convenience as a port for connecting
the RS485 to TTL converter

J19

3-pin connector: input port for using one SDI-12 sensor (1 channel)
Purpose: A connector for user convenience as a port for connecting

SDI-12 sensors

J18

4-pin connector: 1 input port for RS232 communication (1 channel)
Purpose: A connector for user convenience as a port for connecting
RS232 to TTL IC (MAX3232)

J16,
J17

3-pin connector: input port for using two RTD temperature sensors (2
channels)
Purpose: A connector for user convenience as a port for connecting

RTD sensor modules

Ul

RS232to TTL IC (MAX3232): Converter that changes RS232 output to a
voltage usable by MCU
Purpose: Used to acquire data from sensors with RS232

communication output

J12,
J13

RTD sensor module: A converter that allows the output of the RTS
sensor to be used in the MCU

Purpose: This converter is essential for using an RTD temperature
sensor in an MCU and increases the accuracy of the RTD temperature

Sensor

J8

Micro SD card module: Micro SD card module for data storage

(maximum 2GB)

J6

Wi-Fi module: Connect to the Wi-Fi provided by the LTE router and
connect to the Intertek MQTT server

J5

RTC (RealTime Clock) module: Module to provide time information when

saving data

J2

Temperature and humidity sensor: To acquire temperature and

humidity data inside the data collection device

J23

MCU (MicroController Unit): Uses ATMEA2560 as a microcontrol unit.
Purpose: Receive data from various sensors and store them on the SD
card, connect to the Internet through the Wi-Fi module, and
periodically transmit sensor data to the Intertek MQTT server
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Table 12 Pipe water control logic and processes

Level sensor NO
Upper limit point?

YES

i

Level sensor
lower limit point? NO

i

YES

Control valve
All closed?

Moisture
Upper limit value?

YES

Moisture
Lower limit value?

YES

2
(]

Step 1

If the water level measured through the level sensor reaches the upper
limit during water intake time (set to night), the water intake valve
closes

The water intake time is set, for example, from 20:00 to 4:00 on
Mondays (to prevent water shortage due to overlapping water use by

surrounding farms)

Step 2

During irrigation using a pump, if the water level in the tank reaches
the lower limit, the pump stops operating

Step 3

The pump stops when all sprinkler control valves are closed
When the control valve is opened, it operates again

Step 4

During the set irrigation time (8:00 - 18:00), the pump operates at set
intervals (3 hours) to irrigate with water stored in the tank

If the water level measured through the level sensor does not reach
the upper limit, the water intake valve opens and water is stored in
the tank

_25_



AofrsS Aztstr] 3 £5 AARMS Edlz AFAlE 41, #2¢ d4

Alol®s AAX=WS Fig. 12, 133 o] AAs o, 242} Fig. 14, 159 2

£
LLTEE]

Brmeimol

BEEREELE

Lt B= AZg B
s DIuE ;s oIus — FTE]
A H@3| nEn DRI

=3 el A58 LR gu3 T AHY
8 0ls aaw0s| |saw0s | |eaw0s ] An =
L L e L

Fig. 12 Control system of piping water facilities in demonstration site #1

SMPS

AYE PC

THLULULL

.
T i
pbrkde

Fig. 13 Control system of piping water facilities in demonstration site #2

_26_



Fig. 14 Irrigation control system of demonstration site #1

Fig. 15 Irrigation control system of demonstration site #2

_27_



323 ¢& #FAH FF

Aol Ee] v AowE A 2 ARE Eiz A2 548 A
S5 wgel Aol: Fal e g BB A AxY AAS do
BAW, A Bl A= S AA Aske B hgel Aoist of e

& Ao 7 AFAelEe] 9AF AR Aos: WAooz WAs e 2

#5 AN 2YE FHAAL. WA, AFAE JF dEzue] FdE A
=

7] AuE ge WA ARge AN T o

op

A7) Au F=7F YR 108 Be = vl Aojure AX i st
s

4 BFL A% Ame B=

g 7339
ol Bz 7bel Adk4 BA AN B B Fig 189 2o £xy
Y& &3 A AHuE 9o, Fig. 19, 209 #Zo] #F A&

W4 2 gEALS FFEdT A 7 dde dedE 5o A4

2
>4
2
=
i
N
)
N
)
N
)
X
kl
%0,
rr
e
o

et hsd S Ue Ao V)



us &
) 4
~
b b
Y
df 3 W
I+
o ofn e o
¥ b b b
\
Y |
1
3 V W
W v [/ w
- g
~~~~~~ OIEL & 80 /10) 301

Fig. 16 Construction of irrigation facilities for agriculture

A

SUSHZI(MHAT 7|1 AZ71E)

¥

10Ton =543

QIMEIRE, R, X ‘ - weAoft

Fig. 17 Schematic construction of irrigation facilities

_29_



Fig. 20 Construction of irrigation pump rooms and pump facilities
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Table 13 Monitoring system - Main page(Administrator mode)

Interface Description

1 2 3 4
Demonstration site | Demonstration site .
Menu tab . Login and logout
selection tab map

Q

3

E Ao Y B 2UEY
0 Map
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Table 14 Monitoring system - Main page(Dash board)

Interface Description

2

3

Menu tab

diagram

System configuration

Demonstration site

information

DashBoard

8 Data

4 Analysis

Guide

= Control

Observatory

Member

i Site

A5t 2 S8 2LEY

| dli#l== (DashBoard) - (2 F5# ]

Q

e 006
Fums  wEaRusy
)

s YL

sgescy
rTE

syesc
seasm
s

S2ECisim)

Table 15 Monitoring system - Data page

Interface Description

2

3

4

Menu tab

Data by

demonstration site

Specify search date

Period unit settings

9 Map

1— DashBoard

& Data

k- Analysis
(ST

= Control

Q Observatory

& Member

i Site

2|5t 2 SE 2LEY

AZMOIE gilveong [ZBEH] v

23L9(%)

20 2R,

ELIRLRZho/min)

ABLRY(ko/min)

ALBLFRho/min)
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Table 16 Monitoring system - Analysis page

Interface Description

2

3

4

Menu tab

Data graph by
demonstration site

Specify search date

Period unit settings

25t #Y S8 2UEY
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@ Map

= DashBoard

~ Data
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Guide

= Control

Q Observatory

& Member

i Site

&4 (Analysis) - [2F=5#]

EUERCCIN = T iz | ws | uz | us ]

@ . ..

o
a2
(13

Table 17 Monitoring system - Guide page

Interface Description

2

3

4

Menu tab

Guide by
demonstration site

Specify search crop

Read information

9@ Map

= DashBoard

& Data

Analysis
1

Guide

= Control

9 Obsewatory

& Member

&h Site

25t 22 £ 2UE
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Fig. 23 Thermal imaging camera analysis of conventional irrigation method
(sprinkler)
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Fig. 24 (a) Thermal imaging camera analysis, (b) Comparative graph of soil
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Table 18 Monthly beet growth process of demonstration site #1

Division | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
Spring cultivation Fall cultivation
Beet
growing LswEh Laugh
Manure Founda e
process Sowing Harvesting . Sowing Junggye vest
Junggyeon tion ong i
R.D.A i
( ) g Weeding Weeding
Beet
growing
Sowing Meal Irrigation Harvesting
process
(Site #1)

Table 19 About beet crop growth

e The germination temperature of seeds is 8-30°C

. .. |* Best germination rate at 11°C

Germination . . . L. .
e It does not germinate at 4°C, but is maintained at this

temperature for 60 days and then moved to 30°C for germination

e Prefers cool climate, optimal temperature range is 13-18°C

Growth e Above 22°C, growth is inhibited due to a decrease in assimilation
ro

function, resulting in poor quality, and cold resistance is

relatively strong

e Flower buds differentiate after more than 15 days at 4-10°C after
germination.

Plantation, Sensitivity to low temperature increases from germination, and

flowering even older plants tend to respond well.

e After flower bud differentiation, plant under long-day,
high-temperature conditions.

e Soil adaptability is wide and roots extend up to 3m deep, so
crop quality is good in soil with good drainage and good

Soil moisture conditions.

e [t is suitable for slightly acidic pH of 5.6-6.7, and growth is
inhibited in acidic soil.
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Table 20 Monthly schedule of cultivated crops(beet) on demonstration site #1

Division | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
Cultivation Sowi Har'v
estin
method ng g
Ierigat mois
Q o rriga ture
Irrigation fon stres
S
Note * Beet moisture stress period: November

Table 21 Method of cultivation crop(beet) growth process of demonstration site #1

Division Growth and irrigation management methods
* Sowing time: Spring cultivation, | « Sowing rate: 2kg/10a
March-April ] ) o
o ] e Sowing distance: Cultivation of
Sowing | * Summer cultivation (highland two rows at 1-1.2m
areas) April to July )
S e Width of pot: 30%X25-10cm
e Fall cultivation:
August-September
¢ Thinning: Thin out 1 to 2 weeks after sowing when the plants grow
2 to 7 cm tall.
M . .. .
;gi%e e Weeding: Use herbicide or hand weeding
e Irrigation: Irrigation during drought / mobile sprinkler, drip
irrigation
e Harvest when 7 to 8 leaves have grown and the root diameter has
grown to 5 to 6 cm or more
Harvesti | « Harvesting in spring and summer is carried out in the evening to
ng prevent wilting

If harvesting is delayed, the fiber develops and the taste
deteriorates

* Due to the nature of the crop, beets do not require a lot of irrigation,
and growth in soil with good drainage and moisture conditions is

important
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Table 22 Monthly kohlrabi growth process of demonstration site #2

Division | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
Kohlrabi Spring cultivation =~ Summer cultivation Fall cultivation
growing ECEN Sowing Sowing Sowing
process Irrigati Harves Irrigati Harves Irrigati Harves
(R D A) manag Meal on ting Meal on ting Meal on ting
Kohlrabi
. Soil
growing ManaS{1 Meal Irrigati Harves
process Eul ng on ting
nt
(Site #2)
Weather Low Low
: Downpour Drought temper
disasters | temperature ature
and Sowi  Tube
ted ng feeding Humid, slow | East
et B dela room, growth Sea
problems y  buried
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Table 23 About kohlrabi crop growth

Although it is a psychrophilic vegetable with good adaptability to
temperature, it is more resistant to heat and cold than cabbage

Temperature
¢ The optimal temperature for growth is 18-25°C and the optimal
temperature is 22°C
Sowing Sowing is done using tray seedlings in a greenhouse

and
seedlings

The seeding rate is 7,500 to 10,000 grains per 10a (25 to 30
plants per 3.3m)

Meal

In the case of transplanting, healthy seedlings are planted in the
main field when the main leaves are 4 to 5 years old

The planting distance is 20X30cm, 25%X25cm, and 30X30cm for
spring cultivation, 30X30cm for summer cultivation, and
30%X40cm for fall cultivation

Soil

Any soil type, but fertile, moist loam with plenty of sunlight
It grows well in loamy or sandy loam soils rich in organic
matter

Soil acidity is pH6.0-6.8

o]& 7|Wto 2 Table 2437 #o] ZhH| =9 ¥ AAEde dAs o,

Table 25¢} 70|

A 2 A Uys S8 dedsds A

Table 24 Monthly schedule of cultivated crops(kohlrabi) on demonstration site #2

Division | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
. . O
Cultivation e Harves
Meal .
method a8e i I
mois . . mois
Irri Q ture Irrigati ture
mgatlon stres on stres
S S
Note Moisture stress is scheduled to be conducted twice.
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Table 25 Method of cultivation crop(kohlrabi) growth process of demonstration site #2

Division

Growth and irrigation management methods

Sowing

The cultivation type can be grown year-round to eat the leaves like
radish, and to grow the stems to be large like radish, sow around
August 10-15 after the first fall and harvest at about 80-90 days

Feeding fertilizer: Spread fertilizer among the plants three times
1st fertilizer: Around 15 days after planting - 6kg of urea

2nd fertilizer: Around 15 days after the 1st - 7kg of urea + 6kg of
potassium chloride

3rd feeding: Around 15 days after the 2nd application - Urea 11kg +
potassium chloride 7kg

Leaf picking: In the middle of growth, leaves are picked from the
bottom, making sure to leave 5 to 6 upper leaves

Pest control: In the case of fall cultivation, the temperature is high
in the early stages of growth, so many insects occur, so it is best to
apply pesticides to control insect pests such as moths and aphids
about a week after planting. If there are many insects when the
leaves are tender in the early stages of growth, insects may enter
the stem leaves, making harvesting difficult

Imigation

Since a lot of moisture is needed during the cork formation period,

sufficient water should be provided regularly starting when the corm
diameter is about 2cm. In the case of direct sowing, first cover and
thin out the damaged areas, and adjust the spacing between 5 to 6

true leaves to be 15 to 20 cm apart. Afterwards, fertilizing and

weeding were also performed

Harves
ting

It is a cool-loving vegetable that grows well in a cool environment.
The stem becomes enlarged at 2 to 5 ¢cm above the ground and

resembles a turnip

The maximum diameter of the kohlrabi (corm) is 8-10cm, and it is

used when it grows to 5cm in size

* Due to
only in

the nature of the crop, kohlrabi requires irrigation management
the early stages of planting, and after planting, irrigation is only

done in times of drought, so it does not require much irrigation.
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Table 26 Setting conditions according to cultivated crops
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Table 27 AWS data near the demonstration site

30 70

25 - 60

50
20

40

T
8
(%) @1msio |10

Portrait Temperature (°C)
T
S

T
o

o

T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date

2021 Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec

Average
portrait
tenperature
(Q)
Average
soil

R 76 | 9.0 | 124 | 16.1 | 19.6 | 23.9 | 26.7 | 26.6 | 23.8 | 19.1 | 12.8 | 8.7
(9

46 | 82 | 12.0 | 159 | 194 | 239 | 27.7 | 27.2 | 24.1 | 12.3 | 10.3 | 5.7

Average
soil
moisture | 23-8 | 34.3 | 441 | 39.1 | 436 | 424 | 437 | 474 | 475 | 51.8 | 464 | 50.9
(%)
Yearl Average super temperature: | Average soil temperature: Average soil moisture:
Y 15.9°C 17.2°C 42.9%
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Table 28 Estimated irrigation ranking and soil moisture setting values by schedule

Divisi September October November December
on
(M/W) 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Sail Sail Sail
Soil moisture 25% A moisture moisture moisture )
. 20%4 20%4 20%4 stu
Site o
#1 SESESSESSEMSESNES ond 2nd | 2nd  20d o, End of irrigation
€ess
ol o Soil
ot Soil moisture ot
moisture O5%A moisture moi
Site 20%4 stu
Crop dormancy period re
#2 2nd | 2nd str End of irrigation
ess

Table 29 Establishment of well control operating conditions for September

18 g Seyg ¥ 14 g Bl 7
XEH A X L e s = k-t
& of A%t ¥ 29| 80% O] At 25% Ol &t R
;
: o !
g
3 T ea 18 g
- - %Qmoré}ig ............ :ll:l,_n;-_ z_|r§

e (Site #1) In the open field, irrigation for beet sowing, soil moisture of 25% or more

e (Site #2) Kohlrabi sowing is carried out outside the field

¢ (Irrigation ranking) Demonstration site #1 requires irrigation only on beets

* When automatic control is started, the water level in the water tank is measured, soil
moisture is checked, and irrigation is performed. Because crops require high soil moisture

during the planting season, it is set to 25% or more.
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Table 30 Establishment of well control operating conditions from the first week of
October to the second week of October

t

1 b
e EY3I | v 1HY EYFTE | Y e EYI Y | ¥ 28 W EYsE 7
] H A 3.,” ce=esc— 1 F - TR 8 = i = T = T X
taAol Al } ' ‘1 selsonoly [E 5% 08 | 80% 0|4 ¥ 20% Ol & =7
: T ] 3
u : mi n "
z * ¥ . 3 .
L egges oMy g gy | My
| REamold Y Eogsng T S¥amOIN £ | Beug |
"loewgea Tlewwgya |
! %9 10% O/2 T 10% 01 |
| ewgea Ly S E
6 5

f
i i
H i
| sEamoEY | 52

e (Site #1) Irrigation for beet growth, soil moisture of 20% or more

* (Site #2) Soil management for kohlrabi planting, soil moisture of 20% or more

e (Irrigation ranking) Beets are given first priority, and kohlrabi is given second priority.

* When automatic control is started, the water level in the water tank at demonstration site
#1 is measured, the soil moisture is checked, and irrigation is performed. After the water
level in the water tank at demonstration site #2 is measured, the soil moisture is checked

and irrigation is performed.

Table 31 Establishment of well control operating conditions from the third week of
October to the second week of November

)
1 b Ej Py o v S sof | 4 o H
TEH O AZ Lo 2 ¥ BY3 ¥ Mg EYSE | Y G HE EYI SR ] Y 188 EYFE I o mx
tHEH I i ‘ 22| 80 0| &t E- T 259 0| & p ?* 80% 0| & E‘ [y 20% 04+ 2= X

! ¢ x o i _ _ !
L. Mwgds ey | wgEwa | M we
| REe Oy £Y B S i SateolA 29 | | aixns

P =]
S R0[AHEY

i
i
i
i
i

.|

e (Site #1) Irrigation for beet growth, soil moisture of 20% or more

e (Site #2) Irrigation for planting and growing kohlrabi, soil moisture of 25% or more

e (Irrigation Ranking) Irrigation is given to kohlrabi first and beets second.

* When automatic control is started, the water level in the water tank of demonstration site
#2 is measured, soil moisture is checked, and irrigation is performed. After measuring the
water level in the water tank of demonstration site #1, the soil moisture is checked and

irrigation is performed.
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Table 32 Establishment of well control operating conditions from the third to fourth
weeks of November

oWl B 23 ¥ Mg EYRE | v N
RERO AR ] il 2 H = 2he M x
FEHO AH 1 £9| 80% O| & 3 20% O & ik
hal e
¥
owg g 28 @
S280% 04 =2 s AE

e (Site #1) Moisture stress period to increase the sugar content of beets

e (Site #2) Irrigation for kohlrabi growth, soil moisture of 20% or more

e (Irrigation ranking) Demonstration site #2 Irrigation is required only for kohlrabi

* When automatic control is started, the water level in the water tank is measured, soil
moisture is checked, and irrigation is performed

* Beets and kohlrabi go through a water stress period after the irrigation period, enter the

harvest season, and end irrigation
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Fig. 25 Empirical results of the multiple well optimization control system
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Fig. 26 Annual yield and sales of demonstration site #1
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Fig. 27 Annual yield and sales of demonstration site #2
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Table 33 Cost analysis of economic effects
Site #1 Site #2
Increased Increased
harvest harvest
Division | Yjeld Sales | ©°™Pa%d | vidd Sales | Sompared
K to the K to the
(ke) (won) previous (ke) (won) previous
year year
(%) (%)
2019 5,000 5,740,000 - 1,000 2,590,000 -
2020 3,500 5,803,000 - 1,000 2,579,000 -
December 2020 March 2021
System
. Completed construction of Completed construction of
construction ) .
agricultural well control system agricultural well control system
6,000 4,950,000 1,450 3,696,050
2021 +171% +145%
A7 500 v853,000 A 450 A 1,117,050
11,500 15,847,000 2,960 8,332,400
2022 +192% +204%
A5 500 A 10,733,000 A1510 A /4,636,350
Construction
23,294,000 won 11,190,000 won
cost
Area 3,594.9m 1,327.8m
7R R EAe BAACIA LW A B e AR5 HS A
ik ARGl Fabo] a5 RE WSS s5ated des /13
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Table 34 Calculation of recovery period according to the capital recovery

period method

Division Site #1 Site #2
Capital
aprial recovery 0.0893 0.1075
coefficient(R/P)
Recovery period(N) Approximately 11.9 years Approximately 9.8 years
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