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Flow Velocity Monitoring Method Proposal for
Agricultural Water Management with Machine Learmning

To Kangl, Ju-Seok Jeon', Seung-Un Ha', Su-Min Lee', Ji-Won Bae', Jong-Seok Park'?

"Department of Bio-Al Convergence, Chungnam National University, Daejeon 34134, Korea
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Rainfall in South Korea is concentrated in the summer, leading to seasonal damages from floods and droughts. To
address this, systematic management of agricultural water is essential. Agricultural water accounts for 55% of total
water usage, of which 83% is used for paddy fields. By monitoring the amount of water flowing in irrigation
channels and planning water distribution, the impact of droughts can be minimized. Additionally, real-time
monitoring can predict flood risks and facilitate appropriate measures. Traditional methods for measuring flow rate
and velocity have relied on sensor-based or radar-based devices, which are costly and require ongoing maintenance.
In this study, we propose a cost-effective and manageable alternative method for measuring flow rates using pitot
tubes and video recordings. The Pitot tube consists of two tubes that measure the fluid velocity through pressure
differences. Initially, label data was obtained using traditional flow meters, averaging values over about 6 seconds.
Training data was acquired by installing pitot tubes in irrigation channels and recording the movement of rods in
the water flow through video, capturing pixel values. These pixel values were extracted using the OpenCV library
and recorded every second. Due to slight variations in the one-second pixel data, two types of training data were
used: (1) the pixel value recorded at the exact second and (2) the sum of the distances moved over six seconds,
averaged into one-second intervals. These pixel values were then converted into distance per pixel (cm) using the
actual length of the pitot tube rod. We utilized AutoML to evaluate various models simultaneously, and the
Adaboost model showed the highest performance with an R? of 0.7 and an MAE of approximately 0.32. Although
the total dataset consisted of about 400 entries, only about 150 were used in the model due to high noise in flow
meter readings, cases where the pitot tube rod did not move, and failures in object tracking for pixel extraction. The
limited studies and issues in data collection and preprocessing suggest that further research could enhance
performance. This research proposes an economical method for flow rate monitoring and contributes to agricultural
water management. By utilizing Al and data-driven decision-making, it aims to optimize resources and reduce

disaster risks, ultimately playing a crucial role in sustainable agriculture and natural disaster management.
This work was supported by Institute of Information & communications Technology Planning & Evaluation (II'TP)
grant funded by the Korea government (MSIT) (No. RS-2022-00155857, Artificial Intelligence Convergence

Innovation Human Resources Development (Chungnam National University)).
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Effect of Elevated CO, Concentration for Growth of
Chinese Foxglove (Rehmannia glutinosa) Seedlings in a
Closed-Type Plant Production System
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Chinese foxglove (Rehmannia glutinosa), a perennial herbaceous plant belonging to the Scrophulariaceae family,
serves various medicinal purposes in Korea, China, and Japan. Widely utilized in fresh, dried, and processed forms,
this plant has been known for its tonic, cardiotonic, diuretic, and hemostatic effects. Chinese foxgloves grown in
open fields during hot summers are vulnerable to root rot in waterlogged conditions. Plug seedling production
offers two key benefits: avoiding waterlogging periods and providing supplemental plants. Therefore, we con-
ducted an experiment to produce high-quality and uniform seedlings by controlling carbon dioxide (CO,) concent-
ration in a closed-type plant production system (CPPS). The experiment was conducted in a CPPS with internal
conditions set to LED lighting (R:G:B = 7:1:2, 250 pmol-m™-s™', photoperiod 10/14h) and temperature (32/29°C,
light/dark). Chinese foxglove rhizomes were sown in 50-cell trays filled with growing medium and cultivated in a
CPPS. Treatments were CO, concentrations set at 800 umol-mol” (experimental value, 794 + 16 pmol-mol™) and
1,200 pmol-mol™ (1,200 + 149 pmol-mol™), with the control (ambient, 486 + 53 pmol-mol™). CO, treatments
began at 10 days after sowing and continued for 28 days. As a result, elevated CO, concentrations improved leaf
length and width, stem diameter, and dry weight compared to the control. However, significant differences were
not observed among the different elevated CO, concentrations. Elevated CO, concentrations positively impacted
seedling growth, resulting in increased dry matter and net assimilation rate. These results suggest elevating CO,

concentrations to 800 umol-mol™ can positively impact Chinese foxglove seedling production.

This study was supported by the Cooperative Research Program for Agriculture, Science, and Technology Deve-
lopment (Project No. RS-2022-RD010298), Rural Development Administration, Korea.
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Establishment of Drainage Volume Standards for Enhancing Sugar
Content and Preventing Fruit Cracking in Vertical Cultivation of
Mini Watermelons
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Electric Field Improves Photosynthetic Efficiency in
Pak Choi Leaves

Dahae Kim, Tae In Ahn"

Department of Agriculture, Forestry and Bioresources, Seoul National University, Seoul 08826, Korea

Although impact of an external electric field on enhancing photosynthetic rate has been reported, the precise
influence of the electric field on the photochemistry of photosystem II and I (PSII and PSI) remains poorly under-
stood. This study aimed to examine the photochemical aspects in pak choi (Brassica rapa subsp. chinensis) leaves
under a vertical electric field in a controlled environment that did not suppress photosynthesis. Hydroponically
grown pak choi seedlings were subjected to a continuous, vertically applied electric field or no electric field for 20
days using stainless steel mesh electrodes and a high DC voltage generator set at 5 kV m™'. Quantum yields of PSIT
and PSI (YII and YI) exhibited higher values in plants treated with the electric field in comparison to untreated
plants, suggesting an elevated conversion of light to chemical energy and more effective use of electrons from
photosystem II under the electric field. Electron transport rates of PSII and PSI (ETRII and ETRI) markedly
increased under the electric field treatment and demonstrated a consistent trend from low to high light conditions.
Notably, non-photochemical quenching (NPQ) significantly decreased in electric field-treated plants compared to
the untreated plants. Higher ETR and lower NPQ indicated that the electric field enhanced electron transfer
between photosystems without causing damage to the photosynthetic system, leading to efficient light energy use.
These results demonstrated that the electric field enhances light-dependent reaction of photosynthesis, primarily by
accelerating electron transfer. Moreover, this study provides insight into the mechanisms by which the electric field
promotes larger and faster plant growth. The electric field has promising potential as a novel environmental control
factor in Controlled Environment Agriculture (CEA), and its combination with other environmental factors is

anticipated to improve crop productivity through optimized light energy utilization.
This research was supported by the MSIT (Ministry of Science and ICT), Korea, under the ITRC (Information
Technology Research Center) support program (RS-2024-00259703) supervised by the IITP (Institute for Infor-

mation & Communications Technology Planning & Evaluation).
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Comparison of Growth and Yield of Lettuce Cultivated with
Aeroponic System at Different Nutrient Solution Cooling
Temperatures in High Temperature Season
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Comparison of Growth and Yield of Lettuce Cultivated with
NFT System at Different Nutrient Solution Cooling Temperatures
in High Temperature Season

Sejin Kim", Mi Young Lim, Dong Pil Kim, Gyeong Lee Choi, Mi Young Roh
Protected Horticulture Research Institute, NIHHS, RDA, Haman 52054, Korea
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Energy Simulation in Greenhouse for Greenhouse Environment
and Energy Control Strategies
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Characteristics of Seedling by Medium Composition for
Ginger Soilless Cultivation

2A2E", oIFH, SEM|, 25’

3
)

TSNS Y AL AL, e H A Thst st

i

o5t}

Eun-Sol Kim'", Jong-Won Lee', Kwon-Seo Park', Jong-Myung Choi’

'Chungcheongnam-do Agricultural Research and Extension Services, Seasoning Vegetable Research Institute,
Taean, 32155, Korea
“Department of Horticultural Sciences, College of Agriculture & Life Sciences, Chungnam National University,
Daejeon 34134, Korea

A3 (Zingiber officinale)®) 473 A= @2} 9 o] A7 502 0.l A Aol A Holuk b A o % A
APV 4= Qi o)Ak, Y5 7be] Al RAL] u) o] Ak A7 M 4015015 SIaA = 43lego] wolo
5o 48k e ZTIA 71 She] MRE S Fe SRS Beh A6 7I7e) bolck. nfeh WX 24
2 wlmstol A7 SOl AR HES FUSHIA AFS STk 20226 69 249 SFe A4
Fhgahe2ol 4] 91 A5 L (o60mm)o] B 27} EFE F9E, HEw s, T3] ErHo]£(7:3, viv), 7]
ERAHEHEO|E(7:3, viv)E AL SAZAT317913)S w551t Aulltd]= 9 83mLA = A|skeE
b2 EAETSle] T3 SRS AR YRR AR T, S S AR 1 §7185
2ol 2315 60-80% 891502, Helol =7} Bxbel wilolA] FHETH 7] 84wl i §4
Sreh. 99 79 SN 24, A7, AAFE S E s elo] 2ok mu] £ WA o 4 ZAL 57
71 T s elo], T s W7} ke, 150 ol A Ao U
chAg 5ol 219t B A7 AN A% SRS 918 KA S v £ S )= e
1E(7:3, viv)7} A3t A o 2 giohe|¢lc),

—

oy o
rN

2

\“>

N

o
NIN Lll-l‘

O

B A e 52T AFARIMIFZAIH S RS-2022-RD010341)2] 2] o] 23] o] F01z 21

*Corresponding author, E-mail: eunsol94@korea.kr

* 126 ¢



TAEYR

| P9
37 7R FAZzA o] 5] W H L 3

Effects of Nutrient Solution Compositionon Growth in
Ginger Hydroponics
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Comparison of Growth of Ginger by Pot for Soilless Cultivation
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Comparison of Paprika Growth and Between Semi-Closed
Greenhouses and Conventional Venlo-Typed Greenhouses
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Application to Nutrient and Water Management in Orchards
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Efficiency of Grafted Cucumber Transplants under
Different Iirigation Regimes
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Due to the increasing frequency of extreme weather events caused by climate change the plant factory with
artificial lighting (PFAL) are attracting attention. To ensure sturdy and uniform growth of transplants and improve
water use efficiency in these systems, optimal water management is essential. The purpose of this study was to use
load cells in a closed transplant product system to compare the growth, water use efficiency and morphological
traits of grafted cucumber transplants, in order to identify an appropriate irrigation system. The scions of two
Cucumis sativus L. cultivars, ‘Goodmorningbaekdadagi (GM)’ and ‘Shinsedae (SD)’, were grafted onto Cucurbita
ficifolia ‘Heukjong’ rootstocks eight days after sowing. After grafted union formation, the grafted cucumbers
transplants were cultivated in the closed transplant production system for 14 days. Irrigation was conducted when
the moisture content levels reached 40%, 50%, 60%, and 70+3%, determined by the weight of the tray calibrated to
100% moisture content when the topsoil of each tray was adequately saturated. The results showed that both ‘GM’
and ‘SD’ exhibited the best growth parameters in the 60% treatment group, while from the aspect of water use
efficiency, both cultivars showed the best results in the 50% treatment group. For the morphological traits, there
was no significant difference in compactness among the treatment groups, while both LAI (leaf area index) and
LAR (leaf area ratio) consistently increased with higher irrigation levels. These experiments can provide funda-
mental information for managing the appropriate irrigation initiation timing for grafted cucumber transplants in the

PFAL type of nursey production system.

This work was supported by the support of “Cooperative Research Program for Agriculture Science & Technology
Development (Project No. RS-2022-RD010412)” Rural Development Administration, Republic of Korea.
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Grafted-Cutting Success Rate and Growth of Grapes
(Vitis vinifera L.) “Shine Muscat” Seedling Using
Super Absorbent Polymer

Hyo-Geun Kim, Young-Sun Kim®
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This study was conducted to evaluate the grafted-cutting success rate of grapes (Vitis vinifera L.) “SO4+ Shine
muscat” seedling using a mixture of horticultural media and superabsorbent polymer (SAP). Treatmnets were as
follows; Control (not using SAP), SAP 2%, SAP 4%, SAP 6%, SAP 8% and SAP 10%. Compared to control, the
grafted-cutting success rate of SAP treatment increased on 42, 68 DATSs (days after treatment, each May. 29., Jun.
18.) Compared to the control, the plant height, leaf number and root dry weight of SAP 4% were increased on 42
DATs. Compared to the control, the plant height, leaf number, leaf length of SAP 4% treatment were increased on
68 DATSs. These results indicated that the SAP treatment improved the grafted-cutting success rate and the SAP 4%
treatment improved the growth of the shoot, leaf and root of the grapes “SO4 + Shine muscat” seedling. The results
of this study suggest the possibility of using soil improvement agents to improve seedling productivity in the

production of grape grafted-cutting pot seedlings.
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Evapotranspiration forecasting plays an important role for managing the greenhouse energy balance, improving
productivity, and reducing costs by avoiding excessive nutrient use, making it a crucial factor in greenhouse cultivation.
Among various methods for estimating evapotranspiration, using models is economically viable for farms as they only
require environmental data from the greenhouse. However, there is a lack of prior studies that analyze the optimal
determination evapotranspiration models for greenhouse environments. Therefore, this study aimed to apply various
evapotranspiration models in an actual greenhouse environment to evaluation the optimal reference evapotranspiration
(ET,) model. The experiment was conducted from June 2024 to September 2024 in a greenhouse located at Jeonbuk
National University Experimental Farm (35°51'N, 127°07'E, 31m). The data collected included greenhouse internal
environmental factors (solar radiation, net radiation, temperature, humidity, wind speed, atmospheric pressure) and
evaporation measurements from a small evaporation pan with a 24.5cm diameter. A total of 12 models were used in
this study, including 5 energy balance-based combination models, 4 radiation-based models, and 3 temperature-based
models. When the simulated ET, values from the models were compared with actual measurements, the combination
and radiation-based models showed similar performance with relatively low RMSE values, whereas the temperature-
based models exhibited higher error rates with high RMSE values. Furthermore, while there were slight differences
among the models when the environmental variables impact was expressed as the coefficient of determination
proportion, solar radiation had the greatest impact on the combination and radiation-based models. In contrast, since the
temperature-based models do not account for solar radiation, temperature had the greatest impact. This indicates that the
models reflecting solar radiation at the highest rate more accurately measure ET,, in the microclimate of the greenhouse.
These results support the use of appropriate ET, models for precision irrigation and environmental control in
greenhouses. In the future, it is necessary to validate the accuracy of the models for different greenhouses and seasons
and select the appropriate ET, model for each environment. In addition, the RMSE of the most accurate ET, model still
shows a relatively high error rate when considering the average ET, value, indicating that it is necessary to develop

evapotranspiration models that are more suitable for greenhouse environments that differ from outdoor conditions.
This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) and Korea Smart Farm R&D Foundation (KosFarm) through Smart Farm Innovation Technology
Development Program, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) and Ministry of Science
and ICT (MSIT), Rural Development Administration (RDA) (421004-04).
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Investigation of Changes in Carbon Dioxide (CO;) Concentration
According to Climate Conditions and Growth Stages for
Tomato Cultivation in a Smart Greenhouse
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Development of a Greenhouse Data Analysis and
Remote Management Tool Using Excel
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Implementation of an Open-Source Hardware Expansion Board
for Smart Farm Device Development

Jiwoong Bang', Hyeonwoo Jeong, Minhee Han, Jinhyun Kim, Jachan Lee

Protected Horticulture Research Institute, NIHHS, Haman 52054, Korea

T
lin}

o] 4 W IFAIG 7]so] Wit whet s Al5@ 20tER 7] A7F 2EshA Z3YE L Sl
FHE HloEE BAskaL 15719 F Aol & Sal] A=) A 9 FA
g 7o) o] R x| aL it el A 9 HF-2 918l oFFolle i g2 2luto] e}

St=QolE Wol AMgskaL Qo A9 2] dAste] ARG ] ofl= A 3+, Hlold §4l
7HA Rl 7152 AR ZEsfiof k= of#lo] itk o] #3h EAI S sl Ak ] fl8f ol A Sl
, &7 & SIA| Hrto] 2 7S 13t oot SR T of SIX] AW 7S 913t ef=H|ejuto] S =
ol EHERS FEXZA A ofF AntEF AR 1F T A1t FYE AR E STt
Alo] md B flal) 7 Slx] R 71824 S| SiEelth AlA, e 7] 5 oA ot
o] 20} Ee Al o) 7| o -2 UA| AW T FAlE S8l o|H U, Wi-Fi 5 TCP/IP 7|49 -4 QIEEH Y| E
AL} AERIE Y B4 22 EF9] MQTT(Message Queuing Telemetry Transport)E ARE-SHC) ok Al Z0E
718k ol R] Tuto| A RS- 9]3f oo (ESP32-WROOM-32D) &4 =& 7469l a1 24V, 5V, 3.3V A&
191 B e} 12C, RS232, RS485 5 41 6ha), 47 ofeh 21 912 9 47 250V 3A Llfo] £ A2
A 1H). g o) Al EA1S 913 o Clul B Wili 128 A lgkck. 2] 7 olx] A kg 93] ehx
Welato] B4R =8 SISt ohxu elafo] B4R Sl e xuelsto] 3, 4B, 5 B A|UstH, 24V, 5V,
3.3V 25 19 T ThAe) 12C, RS485 5 41 thal, 47 ofk2 1 )2 1 6314 250V 3A eflo] 2 vt
2 AU3l}. ofFoli B =9} 7o) o] eyl W WilFi AL A 1gich. S W =8 o} &ste] 414 et 2
SIS MOTT 7|4 541 2foliizle] 2 A8 57, 2% £TEg o], o) = 52 ofehe EoE A}
#1551 €] (https://cafe.naver.com/arap)of| /| @ ZAARE AlZstal it E35|, QR AH= AHIAIHE, ulo]y
= ol TRt -8 oSl Al ol S At 4= Qlek. % AnfEg AR] Bl e RES A i 2 HE5e
UEF ATUEE Sl AE8lA 7 st vhefet ojA|et gto] Bef e & o) A5 Al ol

o [m
o &
5
O—CI)T
£
>
¢
oft
ol

o
2
K
L)
i UlN
H
rr
H

i 2 ot mY o

o> vorfo

ol ¥
vl

Gl 2T AL ARI R AN PI016689)2] A]90] ©J3 o] Fo]21 214,

*Corresponding author, E-mail: bang2 1 c@korea.kr

146



TAHY

=a]

D7) A4 S8 A WAL A uhe) 7}
B H)XE
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Strawberry Cutting Propagation
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Development of a Greenhouse Heating Load Estimation Model
Using Solar Radiation and Temperature Forecast Data
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Ground Temperature in Single-Span Greenhouse
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Chlorophyll Fluorescence-Based Photosynthetic Lighting System
for the Cultivation of Phalaenopsis, a CAM Orchid

Su Yong Shim', Nam Hyun Im', Ji Yeon Kim', Hyo Beom Lee'*’

'"Department of Agriculture, Forestry and Bioresources, Seoul National University, Seoul 08826, Korea
Research Institute for Agriculture and Life Sciences, Seoul National University, Seoul 08826, Korea

Phalaenopsis orchids, a CAM plant, show a temporal separation between the CO, uptake and fixation, but their
nighttime CO, uptake is a daytime light-dependent response. Chlorophyll fluorescence can be used as a rapid and
convenient tool for monitoring light use efficiency. We developed a supplemental lighting system based on
chlorophyll fluorescence response to monitor real-time photosynthetic efficiency and improve the photosynthetic
rate of Phalaenopsis. A chlorophyll fluorometer was used to measure the quantum yield of photosystem II ( ® psy),
which was then combined with PPFD data to calculate the electron transport rate (ETR). Light-emitting diodes
(LEDs) were connected to the data-logging fluorometer, and 80 or 150 umol-m™-s™ PPFD of supplemental light
were delivered based on the ETR rate, which was calculated in real-time. This system was designed to
automatically switch on the lighting sources to maintain the ETR at the set value of 31.2 pmol-em™-s". During the
experimental period, the sum of ETR in the daytime varied from 1.15 to 1.49 mmol-m™-d" depending on the
weather outside a greenhouse. A decreasing trend in ®psy was observed in the late afternoon, which led to
increased PPFD of supplemental light to maintain the ETR value. This experiment demonstrated the feasibility of a
feedback system to improve the photosynthetic rate in CAM plants through real-time tracking of chlorophyll

fluorescence.

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea govern-
ment (MSIT) (RS-2023-00211519).
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Exploration of Recycling Pathways for Coir Waste Substrate to
Establish Recycling for By-Products of Protected Cultivation
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@Olﬁ} H 2= o2t A2 B = FollA e 7P Aol 2 te = H7FE| ARk, FA4 7F sjA] 2fol &
off A 2hg 2g o] =sHA] g2 Aotk & A= ol Al Ajul 9 e A= oo uijA] A 2] o ARt
= upolstal, ZF A 9 sfjAlS vigtom Al Bl Bkl flsido] glea US -
Statz} 3w Q). EWRE i sl A et Bid olof viR|E A5k e st & felf RS &
Agich B4 A3 vlh, 712, 2, AE(67DolA B F Holow, E 1.96mgke”, 7] 52.89mgkg, YA
0.88mg-kg’, oFd 235.69mg kg & YEFHTE. B4 Ad v, 7FEg, 2, AF(67DA BHE EH9lom, i
1.96mg-kg”, 7-2] 52.89mg-kg™, UZ 0.88mg-kg™, o} 235. 69mg~kg Lo UML) o] el H W EH| g o] 3
AHA(AEE 7|12, H]A& 45mgkg’, 7FEH Smgkg', 422 2mg-kg”, & 130mg-kg’, 2 200mg-kg”, L2
360mg-kg’, Y7 45mg-kg’, obA 900mg kg ") 2] ZH 518 gk ol H$le] pAIlo] Bl Qi) 2 AT 2
o]of Huljx] o] F] 7+ sl 4] Zfo| & s, H|m = A O] g 7 a2 Selskqlt). ik, a8 H A A
£ 2ot BE35] 517] leiAe A AR FAeke] 71401 o o] e A o= HRlrh
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CFD Analysis of the Effects of Frost Protection Fans on Airflow in
an Apple Orchard

OoL , = [=] O O
1 = =1LH 2= % <
S AT BAT FYE 5714

Sung Hyun Yum'’, Sang Cheol Choi', Byeong Gap Kim', Hong-Ki Yoon?, Kyeong-Jin Kang?

'Department of Agricultural Engineering, National Institute of Agricultural Sciences, R.D.A., Jeonju 54875, Korea
*Research Division for Horticulture, Chungcheongnam-do Agricultural Research and Extension Services,
Yesan 32418, Korea

2 1037 11~°22) o752 QI p= 322 221,816hac] 0|20 AAER A 152,791ha, 3 HiS
33,006, -2} 23,694, 71Re A 7,730, T4 2,657, T-9- 1,82791 2L = FERLY QU Al vl -5 ol 238 Bl sl
At RS Aol A B s AL 9l ot A2 vt M2l o] flet Al o] A H B mlEet A%
olth. §AE = Yol B EH & 3t Ash = HaL AAA ) oA O] HgEe eold slal 9lent 20234 7]+
AMelE 2ot Qs oAl g2 AR el A A 2] 1%, B2 12.2%, 32 15.7%0] 12|31 Qo] A2 &
ol oAl o] A T FERE Al o' LR Qlnh & Aot e EoF AR S 5 7 2 ws Al Al 9]
ujsf of g Hl3f o8- ) A8 ISt AL A A 71 2.0m, B 3.5mE Zh= ARl 25
e AP O 2 Aol whE T W 3715 R 7122 e S ER] CFXE o] 8-5)o] 34
ahich TH2 7HR 24mx A2 36m(= 864m?”) L2 TSI A FH(H DS UIE() R 2 E28 FE(AE
@ YA DRI, WF ole 5.0mo . ARRES] E719F A = TR YR et 7|t dFE nE = 2le
D2 3ae o BElR)sto] g Aol Ale E e st Ihelol| A8-Ee WA 4 AR s 2 A
ANME 3522 TF 2LOR AAAIA siAst o WM S5 S5 7122 & e ] ARtol A A Sst
AL 71 g BARN 02 A G5kl 20 A O] Seol= S 2.15m, AT 3.7 mE fie ol A 27 $EE=
A3 A-shol| A sAl ol Eoluls 22 =Stk WA o] 9 FoF 29 v Wiej i -5 712 22 24
A3}, Fe] ThdwRre 2 o) vio] EEE 7 12m o2 7P| ol M= HF S 2 vlgto] ARl B4 oF
o] ZAHH wigre] A7 Ad2 of 6m 74| AR 202 UeRg . v, A eke 2 vigto] F= 7
JeFol M E Tt - A o] Zlof Bl Al o) EA) Yo T71l 6 U(3.5m*6F =21m)7}A] A2 Q1 A 0 2 LpE}
7 2hE Aol At she 2 zke] Wi whof] o9t -t uieh A w972kl s) AR, T
SEL AR BNE & e AR YERT: 2 At 2k A2 oS sl ol 82 o e 2 i
7Fs/d= AASHI LT & o] A2 sl ol Rt R o) 2] 9 Hygo] ghflE Ao = 7ok
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Changes in Relationship among Solar Radiation,
Leaf Temperature, and Photosynthetic Factors during
Growth of Paprika

240[, ACHS?, &SP, YsIRP, MRS, HOIE’, E5P° MM HMsK ASE

°
'l vkl ekl *Qutisl Yol Akelsk, ‘a1 S AT,
‘el AV ATl T, 59
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3227} Aol T A1 A Q1 KRy ), BT 840l SASIE, 5227|913, 7]
) 5418 817) 918 4= ik A1E 717k 2022 119 122038 20234 69 8210] %
7128 B 21.3+1.8°C, 2|5 Lo P 1,409.1i676.2J'm'20]9iE]-. 8 A Al & A 7|7+
=, 7| BRI %0 8 H 0] Al 55 7] ohs 0] Al M ITHP<0.01). BIAI R
97| BAEEe} 119,22, 38E A )L x] 7|71 59k A o] Al 27|t ol 119,
Qo] o] A4, L 2] 7]7k0] 2] A S B ATHP<0.01). Ry R 717H 52T 514 R40]
Z AT FEE Ry} T2 A7)0 wheh oh2 Aol olrk. o] 2igt AT Wk 1, o) B 5
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AT B[S HEAL A RE A 2171 AT ] 4| 2o] of3 o] R0l (AN 2022-
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EnkE sT0]o] Wiz o4 FDR 39 HAle] o3t
ofzk A7) Folo] £ R0} Ak E F W]
SRERCE

Impact of Night-Time Irrigation by the FDR-Automated Irrigation
Method on the Total Iirigation Times and Frequency in the
Tomato Coir Hydroponics
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H o] Lof| A= FDR(Frequency Domain Refelectometry) 7|9t ol HRAlof| A Foll = IR
2 QR A HE A SITE A2 AEA T2 =5 Wiﬂlﬂ ZojoEll Thed A
(714 4x4x3.25m)of| A 2023 9 1UFE 119 22U71R] AABFA ‘jr o SHAA 60Y SHLHEA]
E(Solanum lycopersicum L. Bonitto) HE2 F0]oulX](100x20x10cm, chip:dust 5:5, Biogrow Lanka Ltd.,
France) 97]o] 212+ 3534 & 2755 AA16}41 AL Yamazaki E0TE v|oFHS pHe} ECEEE ZH2} 5.8-6.0,
1.82.4 dS'm' 2 ZA51Ir) FDR ZolupalL. vz o] 2Ealeko] 60-65% o]}l m] XE0 & ool S 13
110mL-plant ' & 4~55 EoF 23619 11, FNER A - A|5161] &1 244 7F FoNslIeh Timer F-oHAlS
LRk go|g = ﬁaqo}o:] oS A2 6~78)(18] 110mL-plant') FF5FA 1L FHAFRE AH-S & 2~34]7F

olol 4

=2 a2
70 2 3Hgirh A YRL7HgERS 15-210W-m, W57]2-2- 5.2-28.0°C, B X] %= 10-21°C H S 525}
9ick. AvtolA, xHHH717 9k 23} 314+ FDR7} Timer 22|77} 212} 32539} 39632 FDR &2} Lo

Al 2F20% A §) o sHF F T Hlk= FDR A 2|512] -9~ . 3A]0f 303] & 59k 1l Timer A 2] += 27 9
A2} 10A]0]l =34tk FDR A 2] -] of7F AI7Fl(18:00~06:00) 2 Sl= & 1163 = LElyit]. FDR 22|+
A 15210l 539 W17} Eqbel Tk 14417 Qlo] ZAbzhgo] Suket 23 TRlE Ao welth, 41 Y
B2 14119} 15A]0) ZH2Z) 134, 85.8W =R 15A] o]% 23] TAastA AT 241 37]9] VPD(Vapour pressure
deficit)7} 14412} 15410] Z}2F 13.03F 12.6mbar 7F4 =9kom e} 71.20] zjo]|7} ZH2F 2.8°C(14A]),
17°C(I5A)E 7P 2 A0 2 Lepstr). weh FDR A2l 4] ofzt A7k} o 315:(1168))7F S39) 315
(3253))9] 113 A& =9 Ail= ot AR 24 37]9] VPD7L 7] 250 & 5.1-7.6mbar 5202
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Constructing Image Datasets of Phenotype Traits on Tomato,
Peppers and Lettuce

GaYun Yun', YeonJin Cho, SooHo Jung, SeongJun Kim, HyeongSeok Lee,
JuHye Kim, SeoWoo Jang, YounSup Cho
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A=) Bayen), S0l = £OITYCTLES)0L 0, 515 HOHEES), BACPIEeloD, 4 FASHH
OFFH), B S AN ), MEISIS (PR ER)lek. o]]A] 47 G FUTAY 2B SAYRA
71N ZER 6-117H 82 A gakich o] u ) 32 A es 7140 AR el g B
£ 21§5) RGB, Depth, A8t 0|u] 48 $410] 2Jsto] hagick. o5 ofu Al el AYS 55t &
7 58 U 24 5ol 8 A2 Y0k QIS AL R U BB 01 A2 Yuge
T AR 85 T Ao R I ALY |2 TET F |57 2352 ol 5 | 5h= ol
AT 99 758 31t 7|25 S Eich 4 T B olo|e| £7} 4051 chope Al
2 2§ o) E A 2 SRS FAYAY L E B8 A0 of ATk
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Characteristics of Strawberry Seedlings and Yields Followed by
Nutrients Supply Concentration

GaYun Yun'", HyeongSeok Lee', YeonJin Cho', SooHo Jung', JuHye Kim',
SeoWoo Jang', HyeSung Cho®, YounSup Cho'
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G7)= 5~-8o]| o] oA WA= AU E AFsto] A7 HE F4I5k0] 99 of54)7] Sl AEolt) B
SHA| afjoFele mas Wk o2} Ao = HAVE Y, SR A4 SAE AR ol A A e ® JkE ok
2 AT 27| AFF ZE SHA A W o] e 2z A H71R] okl ol w2 S AR A4
0] % WAl L2 EAL 2SI 20221 AT EE0] AR HE o] S| Hof| R AL-5to] Sy ofjA] 1Y
S AR S ARSSIGITE AR = 20231 99 18Y SHEH|0](24-E, 34, 60x34x10(h)em)o]] AHESFGATE AR
Bh o] 5 S E o] YA S AE AA|EIL ‘U RAA] oFH 2AJ 0] v FlS 1.0dS/m’ +F O 2 oA 7] A
7HA] BT 013 S1 7]t 60 o]4f A kel A RE Hazo] FAI5I9ir). 1.0dS/m’ $2522] wljofolo] F+F
H &u Aol JAw 24, IR A, oH Zo|i= zF2F 16.7cm, 14.8mm, 8.3cm I} 2|81 1 22| o
A 22 PRAA A zﬂ_ = jz1 11.9cm, 10.6mm, 5.6cm& FAFE]QIT} 20231 12951 20244 39717 2]
223y W] HA Seakl 2|61 &1 48] 54(1,619kg/10a) ] HoFo S & 2) Lol A](1,847kg/10a) 14% =
7¥eFqiet. o/ ﬁJJroﬂ A SH 1 }E P T 0] A o] F 2A| 5 ST TGl = FakE vzl

TR 218 o 4 lgleh W] B V1% A B 37469 vt Bast so 2 g

[‘IF
mlo
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Effect of Nitrogen Reduction Treatment Based on the Previous
Day’s Solar Radiation in Hydroponic Strawberry Cultivation

* - -— - -
27127, OlFA, ZOIXI, HAS!, AT, MM, ZoAL £y

o
Dehd s 714 Yol AT, Sehd 9714 A AL

GaYun Yun'", HyeongSeok Lee', YeonJin Cho', SooHo Jungl, JuHye Kim',
SeoWoo Jang', HyeSung Cho?, YounSup Cho'
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G7|(Fragaria x ananassa)= 9890l 446101 0|53l w7kA] Auliehz S-2luhete] o 322 Q1 Al of] A2k
o|t}. 20229 71 A Al A B 2l WA 37,236ha F- 5,692ha= 15.3%E AFA|gIch A& o= Yol
ol 7| AEZA|7F AAaE ) 551 B A AL, W A sk, sl g Ay o] S7tst
Al ek whebA] FA 7] 7 A A A E gt te] B o] Fa sttt & Al 27 SR AEAl Y 72
LAFFol| w2 Aaxghe] A2 E B3 A S 54& ARSI g A3 avE 461Gk 2023 9
20 0f) A3} Mg ZTxo = D) AFeF 4=220) ZF2) 400)/en?, 600J/cm?, 800)/cm” 1| qH]
off <L GA oFH 2 ol A AT A A S 30% &0 Fct A Y 2 dAafego] whE A 7] 22
£2023 1195E] 2024 297H2] AAJ8HITE 2024 1457 E] 29717] 44 #28 AR A3} 600)/cm’ 1]
qh ] 2ol A 2 FAI7}20g o)/ thak Hlgo] 42.7% % 7 w=Qkvh AbE 2] o 2 AufRh A
2]+ o] 2] A 2ol A 124 o] 10a & 574kg 571513t FH|-8- A A k= 131,076 0] 7| th =] ATt
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Analysis of Cultivation Environments and Tomato Growth in
Northern Passive Solar Greenhouse and Arch Multi-Span
Greenhouse in Mongolia

hFA L AT, FHr B Al ek stk 7 desk Qelska, g naka 4kl ska}

Seo-A Yoon'?, Su-Hyun Choi*?, Young-Jin Yoo?, Eun-Young Choi',
Ki-Young Choi*, Yong-Beom Lee'"
'International Horticultural Research Center, 225 Sinnae-ro, Jungnang-gu, Seoul 02024, Korea
’Department of Agriculture, Korea National Open University, Seoul 03087, Korea
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H A1 HT B2X]Y K-smart farm 24 © 2 7jjdhs BHle E(U9d) 24 (Passive Solar Greenhouse
PSH-11)3} ek obx| A-5-% 24 (K-Smart Greenhouse NMH-8)0f| 4] EnkiE 25-0] A5 Ajuj} 7]7ko] =3 7H Al
S5 vl EA5H] fIsl skt Sa = E s BT et A A FA] 1 HAl BiA Y 24l of) A
213+ PSH-11(AA: 550m2, 7+2: 11m(W) x 50m(L) x 6.46m(H), T EA: 34, POZZ) 7 NMH-8('HZ: 2,240
m?, 7F2: 40m(W) x 56m(L) x 7.4m(H), T EA): POZLE)o|| Eu}E(Solanum lycopersicun L., ‘Dotaerang Sea-
son’) HLE-5 217} 13857, 39055 5 104 A5k & STHHIEEA| 9] Fof 7122 197 E 129714 7t
7} .23,-18,-8,2, 10, 16, 18, 16,9, 0, -12, -20°C= 7L 7} =11, 1€of| 7} o w, W A S E=47-73%
O] M= Heolth A7k 6¥y} 79 A YB Bt/ 11/2| A L% = PSH-112] 79 zF2} 19.8/43.1/9.2, 22.0/
39.712.2°CSlem, o5 71/ 271 = -6kl = 24 B o7 20] 2|A] 10°C W] = thehs] WetaL,
NMH-82] 79 19.5/37.9/4.4, 21.7/37.0/10.4°C2 B3} H 1122 =PSH-119)|A ©] =911, A== 69Y
Ol PSH-116]14] 720 = NMH-80l1A] £ G191k, 584 vjte] /2302 A Abeilesee PSH-119] 29
Z}7} 64.5/98.7(0-9A1)/8.0(13A]), 70.2/99.5(7-9X])/18.4(144])%, NMH-89] 7o 7F7+ 56.2/92.1(24])/8.6(18
Al), 63.5/95.4(TAN/18.4(18A)% 2 7 4] Wi Ik A AlZkoll= G e 7) 30, SHEHE o] & A1 AXF
7hA] Wo 2220 W olT). WH/E| T RS PSH-1104] ZH2F 179.7/1,616, 231.3/1,610 pumol-m -5, NMH-8
of| A 2z} 85.6/1,618, 158.4/1,432 pmol-m™-s" 0| I}, T LA 0] Ag-2A} A} A4 3 150 = 24 A4, 4
pa

B

) =]
%, B2 NMH-80 A o4 0 2 =9ka1, 4] £ 65Uoll= 243 3P 120171 PSH-110 4 F-of 2 0.2 A
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AAF 787, 2k, 2= NMH-80]| A f-2]4] 0. 2 =91t 4] & 84Uo| ke 40| PSH-110f14 2]
A0 AU, XA A7, 2, 2P, SPAD= NMH-80] A =91tk
A ATE Fgote] & o, S5 ofF Al 7KK 6e T} 7E)o F 22 i 242 EukE Ajufoll Fst
ot g %%EE} Rekon, 2= PSH-119] 7-p-ofl= R} ko] A7 NMH-8 R H 2 5
3 BN, T ANE Bt 243 dIPgo] NMH-8E. U o fy. wheha, 7 24 W of 5 Al 7|7k &
A F WS T S ET B EIAAE Y AIRREATRIE S 252 Aol e o R T
Fojof gk Al o2 Hoju, oftoll= A3t Bk IRt Ao YEPdt) Wdle ol A=E 7oz A
A ] B Al oA AjlE A-8skaiAt shH, HEo] B A Al SmE @1 PSH-110 tigt 712191 o1+
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=

X
u)
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H1
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Analysis of Growth and Physiological Responses to
Nutrient Solution EC Levels in NFT System

X—ID|1 I:II'—:||E|1 oOxo? ol

Mo =0 , T, T
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AR et Ante gy s el sl
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Jeongmin Yun', Hyerin Park', Junwoo Moon?, Joonwoo Lee'

'Department of Smart Farm, Jeonbuk National University, Jeonju 54896, Korea
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Fa= =l Al Al A 7 G A AR A QLo = A7t o] Al Al Qlok. =7 Aol A Hlj el
ol whet 2HE Aol 2 G A, Tt oA F AEH AR Qs A Alstet A A7
AT, Ae) A8, Aake] el fle] Tt - o] AEIAL, cheket A% A 85to] 14
T ol B ook, TebA] 2 AT ool EC S a7} A5o] AL 1) -0 Al Bdo] o)
e 7P 02 Bajelo] A% Afste] R 1S ol SI AAE ST, AT ECE 57 41,0, 3.0
5.0,7.0,9.0dS-m™) 0 & A5 11, 2| ol AF(Lactuca sativa L) S -2 U NFT A| 28l of| 4] oF 227k 2 uf5}
o] A28 Pel ST, AFAnleh ALK ZAIE For A8 Aol 10E 1] o) BRI BT} E e,
H=4 -2 S45H9EE. ANOVAS) Duncan®| tha- A 0. 2 B35 A v}, 333 | 321 Vemax, Jmaxe}t
S5 G o 1R 01 ol Sl WL 71 300 ol o 5208
S}, ol EC7H 5298 2 0§ #-80] ol ZAlo] A& vl A2 wolu), 7|3 Arwe] 747}
5 A510] 2 9152 TELIL) G5 2 o151 A51E T-25)0] EC -2 Malo] f1E gelel =40
B o) 83 Ao R vl

B ATH AR B 0|49 o 1E 2 7 ¢ 1) AL o} B A o G
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Effect of Foliar Spraying of Disinfectants according to

Type and Concentration on the Growth of Chinese Cabbage
(Brassica rapa subsp. pekinensis Lour. Hanelt)
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Hyejun Lee, Seongjae Kim, Jeongmin Kim, Hyeonmyeong Song, Wongyo Park,
Byeongtaek Park, Euncheol Kim, Beomseon Lee’
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AL SIS E SO0l FH LSS S el R S0 ofed 2l Bk A
e Al 5 ATl SIEAE e 4 Gl o) AFgElr) 9o 0] S4Jo] 9L, WA gk Btepsor)
A AEAGIN A SLAR Y E AL o BV} elofubA g Al e 312]

37] S5to] A1ee AT, Ml TAIEE HSPHAHKRPK-58, obAJol51) S o] 831911, sl =7
SH(INTRACARE, v])2} A1 HOCI 1314, 1) o} #3131, 20244 58 29 el Ecfolo] 1503
& TEslaL, 19907 SRS e ) 1LEEo] A4S, He)i 242} sjo] =270} 400824, 30089, 200
vfjod, 100ufe8, Z}F3AF 10008l 2B, 7508l 20, 500u]H, 25080 o 2 2 2]3}9ich A Bl= Al = 7Y, 2144 o] 14
o 74 0.2 28] A2l L, B571E o] 8l Qo] B2 Hrr AWAEE Assllct. He] = HF AL 2A}
AT} QA QIE, 94, A% FEoA AGARE FET} 84 7hasl 90 n], so] = Aok 30084 71
212 OFa}E Lyelich. ol et 1512 SIS ol shol= 2 Aolel A4t 10000 el okl
01 G A v} ol o1 B ofohE ek 25 et o Al A
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Exhaust Gas Supply Strategy
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Growth Variation of Hemp Seedlings Under Different Light
Conditions Based on Exploratory Data Analysis
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Growth Characteristics of Ginger Tissue Cultured Seedlings
Grown in Open Field Acclimatization
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Growth Characteristics according to Planting Distance of
Tissue Culture Seed Ginger
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A Study on Rhizosphere Mangement Method for
Hydroponic Cultivation in Jawa Barat, Indonesia

Ju Young Lee'", Nugroho Adi Sasongko®, M Nasir Rofiq?,
Yang Jung Seok', Park Soo Hyun', Kim Sang Min'
'Center for Smart Farm Research, Korea Institute of Science and Technology, Gangneung 25451, Korea

*Center for Sustainable Production System and Life Cycle Assessment, National Research and Innovation Agency
(BRIN), Indonesia

In West Java, Indonesia, the tropical climate presents both opportunities and challenges for hydroponic greenhouse
cultivation. The region experiences consistent high temperatures, ranging from 25°C to 33°C, and high humidity
levels, which can impact greenhouse microclimates.

The purpose of this project is to present the results of high-temperature root zone nutrient solution cultivation tests
conducted in preparation for the establishment of a KIST-BRIN joint greenhouse. This greenhouse is to be built on
the BRIN site in West Java as part of the KIST-BRIN Indonesia international cooperation ODA project. The
experiment was conducted by controlling the temperature of the nutrient solution to regulate the root zone
temperature.

This experiment was conducted at the Shinhan A Tech test bed in Jinbuk-Myeon, Masan, to simulate greenhouse
condition similar to Jawa Bara, Indonesia for 40 days (June). The target plant for this experiment was Lactuca
sativa L. var. longifolia (Romaine lettuce), and the cultivation area was 100m”. The temperature inside the green-
house was monitored within a range of 24-36°C during the day and 19-26°C at night. The planting density was
approximately 25 plants per square meter. The irrigation and recirculation were conducted using the NFT (Nutrient
Film Technique) system. For the control groups, the nutrient solution temperature was maintained between
20-24°C, which is the typical range. In contrast, the experimental groups were supplied with nutrient solutions at a
lower temperature, maintained between 17-19°C. In a summer greenhouse setup, romain lettuce yields can reach
approximately 3 kg/m” per harvest cycle as control group and 5 kg/m” per harvest cycle as treatment group. This
yield equates to 120 to 200 grams per plants.

These experimental results suggest that managing lower root zone temperatures during the high-temperature season
can help increase production yields. This approach could make a significant industrial contribution by improving
overall efficiency and output. Based on these results, the data can be utilized as critical information for the local
implementation of the KIST-BRIN international cooperation ODA project. Furthermore, it is expected to contri-

bute to the future development of Indonesia’s agricultural industry.

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korean govern-
ment (MSIT) (No. RS-2024-00340706).
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Study on the Possibility of Energy Conversion through
Resource Conversion of Tomato By-Products

Ju Young Lee’, Yang Jung Seok, Park Soo Hyun, Kim Sang Min

Center for Smart Farm Research, Korea Institute of Science and Technology, Gangneung 25451, Korea

Tomato byproducts, which are the leftover materials from tomato processing, can be converted into valuable
energy resources through various methods. These methods not only help manage agricultural waste but also
provide sustainable energy solutions. Below are some of the primary methods for energy conversion of tomato
byproducts. Tomato byproducts can be converted into energy through methods like anaerobic digestion to produce
biogas, thermochemical conversion to create biofuels, composting for biogas and fertilizer, bioethanol production
from sugars, and direct combustion for heat. These approaches offer sustainable energy solutions and reduce waste.
To calculate the Higher Heating Value (HHV) of tomato byproducts, you can use their chemical composition
(carbon, hydrogen, oxygen) and an empirical formula. Below is a detailed explanation of how to calculate the HHV

using Dulong’s Formula.

HHV(M]J/kg) = 0.338 x C+1.428 X

[0
H@)

Here:

C, H, and Orepresent the mass percentages (%) of carbon, hydrogen, and oxygen in the byproduct. The predicted
higher heating value (HHV) of tomato by-product is approximately 17 MJ/kg. This value is calculated based on the
ratios of C (45%), H (6%), and O (49%) using Dulong’s Formula.

For other method, the total energy content can be calculated using the formula:

Total Energy (MJ) = Weight of Tomato By-products (kg) x HHV (MJ/kg)

Given the total amount, it can be calculated according to upper formula
This work was carried out with the support of “Development of small scale photovoltaic power generation and
storage technology for agricultural application (RS-2024-00399318)” Rural Development Administration, Republic

of Korea.
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High Heating Value (HHV) Analysis Using Empirical Formulas
Method for Paprika By-Products

Ju Young Lee’, Yang Jung Seok, Park Soo Hyun, Kim Sang Min

Center for Smart Farm Research, Korea Institute of Science and Technology, Gangneung 25451, Korea

Research on the energy valorization of paprika byproducts explores methods to convert waste generated during
paprika processing into valuable energy resources. The main methods include:

Anaerobic Digestion: Paprika waste, rich in organic material, undergoes anaerobic digestion, where it is broken

down without oxygen. The biogas produced in this process can be used for electricity generation or as a heat source.

Thermochemical Conversion: Techniques like pyrolysis and gasification are used to treat paprika waste at high

temperatures, converting it into bio-oil, syngas, and biochar. These products can be utilized as fuels or soil condi-
tioners.

Composting and Bioenergy: Paprika residues can be composted to enhance soil quality while harnessing the biogas

generated during composting as an energy source.

Bioethanol Production: The sugars in paprika waste can be fermented to produce bioethanol, a renewable fuel that

can be blended with gasoline.

For this study, the high calorific value of paprika by-products was calculated using a Empirical Formulas. In
addition to experimental methods, empirical formulas can be used to predict the Higher Heating Value (HHV) of
byproducts based on their chemical composition. These formulas utilize the elemental composition of carbon (C),

hydrogen (H), and oxygen (O). One of the most commonly used formulas is Dulong’s Formula;

HHV(MJ/kg) = 0.338 x C+1.428 X

0]
H?)

Here:

C, H, and Orepresent the mass percentages (%) of carbon, hydrogen, and oxygen in the byproduct. The predicted
higher heating value (HHV) of paprika by-product is approximately 15.03MJ/kg. This value is calculated based on
the ratios of C, H, and O

This work was carried out with the support of “Development of small scale photovoltaic power generation and
storage technology for agricultural application (RS-2024-00399318)” Rural Development Administration, Republic

of Korea.
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Study on the Change in Photoreactivation and Dark Recovery for
UV Lamp Sterilization of Drainage Nutrient Solution from
Vertical Farm

Ju Young Lee’, Yang Jung Seok, Park Soo Hyun, Kim Sang Min

Center for Smart Farm Research, Korea Institute of Science and Technology, Gangneung 25451, Korea

Study on photoreactivation and dark repair in UV lamp sterilization of drainage nutrient solution in vertical farms
focuses on understanding how microorganisms can recover after UV exposure. This is particularly important in
recirculating systems, where treated nutrient solution is reused, and any recovery of microorganisms can lead to
contamination.

Photoreactivation occurs when microorganisms exposed to UV light can repair their DNA damage upon
subsequent exposure to visible light or specific wavelengths such as UVA (320-400 nm). In vertical farming
environments, this could happen if the sterilized nurrient solution is exposed to sunlight or artificial light before
reuse. Studies show that microorganisms like E. coli and other pathogens can regain their ability to grow, leading to
potential risks in the system. The degree of photoreactivation is influenced by factors such as the intensity of the
light exposure and the presence of dissolved organic matter in the water.

Dark repair, on the other hand, refers to the ability of microorganisms to repair UV-induced damage in the absence
of light. In vertical farms, this could happen during the storage or distribution of treated nutrient solution in pipes or
tanks. Although dark repair is generally less efficient than photoreactivation, it can still pose a risk, particularly if
the water remains untreated for extended periods.

During UV lamp sterilization with a dose of 33.27 J/em?, it was found that the photoreactivation rate can reach up to
35% when the drainage temperature used in summer exceeds 26-28°C. Although Fusarium spp. shows a lower
photoreactivation rate compared to Escherichia coli, it appears that photoreactivation becomes significantly higher
when the drainage temperature exceeds 28°C.

This result emphasizes the need to carefully consider environmental factors, such as high drainage temperatures
during summer, when designing UV sterilization systems to minimize photoreactivation and maximize sterilization

effectiveness.
This work was supported by the Korea Smart Farm R&D Foundation (KoSFarm) grant by the Ministry of Science
and ICT (MSIT), the Ministry of Agriculture, Food and Rural Affairs (MAFRA), and Rural Development Admini-

stration (RDA) (RS-2024-00400250).

*Corresponding author, E-mail: jyl7318@kist.re.kr
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Study on the Change in UVC-LED Sterilization Peformance
according to Drainage Temperature in a Strawberry Vertical Farm

Ju Young Lee’, Yang Jung Seok, Park Soo Hyun, Kim Sang Min

Center for Smart Farm Research, Korea Institute of Science and Technology, Gangneung 25451, Korea

The efficiency of UV sterilization, particularly using UVC LED, is influenced by several factors, including
drainage nutrient solution temperature. Studies indicate that changes in nutrient solution temperature can
significantly impact the efficienesss of UV sterilization. The disinfection process is also dependent on the
interaction between UV light and microorganisms. Lower drainaged nutrient solution temperature can sometimes
reducing the overall effectiveness of UV sterilization. This phenomenon is particularly relvant when considering
the UV strength, such as E.Coli, Pythium spp, and Fusarium spp For UVC-LED sterilization experiments targeting
E.coli, Pythium spp and Fursarium spp, the following specific parameters are applied. The wavelength used is
267nm, with UV doses of 40 mJ/cm2. Various experiments were conducted with exposure times ranging from 10 to
60 seconds. The distance from the light source was set within 2cm range in a vertical strawberry farm.
Additionally, sterilization experiments were conducted in the applied vertical farm, targeting nutrient solutions at
temperatures of 12°C (winter) and 20°C (summer). The results showed that for E. coli, the sterilization efficiency
with 40 mJ/em® UVC LED was 98.5% at 12°C and 99.9% at 20°C. For Pythium spp., the efficiency was 94.7% at
12°C and 99.1% at 20°C, while for Fusarium spp., it was 84.5% at 12°C and 95.8% at 20°C. These findings suggest
potential industrial applications in recirculating hydroponic systems used in vertical farming.

UV LED performance in low-temperature nutrient solution drainaged decreases due to several factors: slower
photochemical reactions, reduced microbial metabolic activity, decreased UV light transmittance due to changes in
water properties, and the temperature sensitivity of the LEDs themselves. These factors collectively reduce the

efficiency of UV treatment in low-temperature environments.
This work was supported by the Korea Smart Farm R&D Foundation (KoSFarm) grant by the Ministry of Science
and ICT (MSIT), the Ministry of Agriculture, Food and Rural Affairs (MAFRA), and Rural Development Admini-

stration (RDA) (RS-2024-00400250).
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Al-Based Predictive Modeling for Greenhouse Temperature
Control: A Comparative Analysis of Long Short-Term Memory,
Multi-Layer Perceptron, Nonlinear Finite Impulse Response, and

Transformer Models

Jinwoo Lee', Yu Hyun Moon', Ha Seon Sim', Tae Yeon Lee', Yong Jun Kim',
Na Kyoung Kim', Tae Hyun Kim', Sung Kyeom Kim'?**
'Department of Horticulture Science, College of Agriculture and Sciences, Kyungpook National University,

Daegu 41566, Korea
“Institute of Agricultural Science and Technology, Kyungpook National University, Daegu 41566, Korea

Temperature is a critical factor influencing the growth and development of crops. Recently, a method to control
greenhouse air temperature by leveraging the radiation-temperature ratio to balance vegetative and generative
growth in crops has gained prominence. However, manually adjusting greenhouse actuators, such as screens, vents,
coolers, and heaters, to maintain a desired daily average temperature based on accumulated radiation presents a
considerable challenge. Accordingly, this study aimed to develop an artificial intelligence-based model to predict the
control settings for greenhouse actuators necessary to achieve the target daily average temperature. Actuator control
data and environmental data were collected from cucumber and tomato greenhouses between January 1, 2021, and
July 31, 2024. The model predicted the control settings for actuators using external environmental parameters such
as the external temperature, humidity, wind speed, wind direction, and radiation. Subsequently, based on the
predicted actuator settings, a multi-layered predictive model was developed to forecast the internal temperature 10
minutes ahead. This study evaluated four predictive models: Long short-term memory (LSTM), multi-layer
perceptron (MLP), nonlinear finite impulse response (NFIR) and transformer, using data with four different lags -
lag O (current), lag 1 (10 minutes prior), lag 2 (20 minutes prior) and lag 3 (30 minutes prior). The hyperparameters
for each model were optimized using Keras Tuner, which automates the process and assists in the exploration and
determination of suitable hyperparameter combinations. The highest average coefficient of determination (R?)
values for each model were 0.98 for LSTM with lag 012, 0.95 for MLP with lag 0, 0.95 for NFIR with lag 3, and 0.95
for transformer with lag 3, respectively, with the LSTM model using lag 012 demonstrating the highest explanatory
power. These results suggest that the Al model can effectively adjust the target temperature by predicting the control

settings of greenhouse actuators in response to dynamic external environmental changes every 10 minutes.

This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) and Korea Smart Farm R&D Foundation (KosFarm) through Smart Farm Innovation Technology
Development Program, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) and Ministry of
Science and ICT (MSIT), Rural Development Administration (RDA) (RS-2024-00399654).
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Calculation of Heating and Cooling Load according to
Covering in Facility Agriculture
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Comparison of Growth Characteristics of Male Cultivar Vegalim
Grown in the Drought Condition to Abnormal Climate
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ofafehr] At Mg 0|5 AR E 4157} IR0 ]l AARF] 20~30% B 357] u o] S Al 571 S
o140l THio] X4 AS-

= 3IL% O

AR} =187 S8 FEHEO I F52 A S sk= SAllolth
opaselr| 20 AR B0l FFL ulA Ao G B e o 8 HBAEH A U2 51T S
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20| A 2 E QT ARRE 2= E"fzﬂg— ‘Vegalim™2- 0]-85}1tt. 503 &1 Ed|o|of Ajull-8- A& (Alpha-
Plus, Sanglim, Kimje, Korea)g 22 & Vegalim’EAE 315319 t) 1l 55 S0 opAuabAAE EtAE
SEE(Z]7 10cm x =0] 8cm)o]| 0] 4] 01-93\_1_ o)Al Hi=30Y Zof| Z2pAE EE(R] 7 28cm x =0] 22cm)of &
AR 25, S5, BB Y833 A=) (aM-31, Wisesensing, Yongin, Korea)E &-8-5}0] 7|44 Q152
25t} BB SlaEl B ok Hsle) =4 7| (Handheld Device, IMKO, Germany)E- ©]-8-5}0] 24319 S
) 7HE AT 10%, O 25% 2 EF 8 WS 47 Thelshaich. 24 XA i, 2] oo}
7H—m HE 7, AAIS 2 HE5S 27 M o= S61SH: A d ke kol Hlshe] 7 2kl A A
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Characteristics of Drainage according to the Growth Stage of
Hydroponic Paprika
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22 545k Qe B = uh el K Capsicim annuum L.) 573 A uiA] AL A] o] b2
Hij Y E/35 2415k Fol] = A7 e AN stalA} s, uhaze) 7t ‘upRto| 5 FAIEE 2= 55U S H S}
o IFIE(RHAE 8:2) Hljx]of 2024'd 44 4L of] A AlSFATE vl FH- TL =Tk A S ARSI N
TE=2.5-3.5dS/m= Skt - E71 ¢l 33 E7100| 3537k 2k =S S-S 2 S A AR 717
A=A 2, B, I 5 S, ﬁlﬂé‘% d, FHEAS AP 2~45= 7HA O = vjolf gt ufj o) ]
EC&} pHE £AF5F3 AL Ton Chromatography “gH|E AR8-5H0] g} ul| 4 O] thaf-n| el s 248kt 44
542 & oJokAIAL7](2024'd 5 27) wjeH-S- BAISH Aul ol ofju] vl o] ECQ} pHE= Z718H= ARS 9
ch o dju] wjelo Al F7ehe RS Bl Y4=Na', Mg™, Ca™, CI, NO5', Na, B, K, SO,/ © & Lefyitt.
ol tju] s o)l A Tradh= ATRS H ol YA=NH,', POy, Mn®', Fe™', Zn*", Mo2 UEl o Cu™, B 94
TR 27 AT A4 120U 3 41877120241 89 1) vl 58S A7 Ak 5 e wljele]
ECE 371ohe AaE Bl ot v o] pHi= ZrAavsh= 43S Btk vl o] pH 4 o] -2+ H2] € NH,'

o] 2-g=pol| W2 H' o] &-0] &2 Alr gtk F9 ofn] ujelofA] F7kshe 3RS Bl Y4 Na', Mg, Ca™,
CI', NO5', Na, B, Mo©. & et Tt o oju] ufjelof o] Zh4-aHe 3RS 2.9l f4=NH", POy, Mn™', Fe*', K
g.om Cu*, Zn*, Mo fA% E=813) 2lo)7} §1gich

Tt 2mpER AR 4 A Mo) BAIShE I 91gol what, Al ) A E7HE S7ISEL Q= FAlolw o]
of QfoHu] gol| Tt 4201 WAL S Gk Tefut oAl A] B s ARAQl GFNH] R Fro] T3 FuAu
k= 5750l of
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EANES FHEAMET ﬂﬂﬂ%xéi%{—‘% FENETH Y QYo R FHAET eV 2 H 7 Ak
el AnfETAL/NEAIG 2] AntETTHEA 97| 2841 7] 7HEAF] & X ¢& Ho A% $1-5(421004-
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Growth Characteristics of Ginseng Sprouts Produced in
Bed Rotating Vertical Farms and Conventional Greenhouses
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7|5 3], Sog-Bol 13l & ] T ATA| 2] B AL A A}l AYAI I AL ]| 7] LA} 242 Z]
Aol EH?lﬁ:rLﬂQEHE]J‘ ot A& 010}01]/\ﬂ‘—‘-_'-7\HHH 719 223} 8t 2= 9Jo] 1E A O] FIB} AL o}
20 &2 AF Aito] 7hssith B A= v = 375 4] 4225 BRVF: Bed Rotation Vertical Farm)x} Q%h-2-4]
(CG: Conventional Greenhouse)o| 4] Afjulj % /\H&P/E}(Panax ginseng C.A.Meyer) 2] A3} =212 1] 1)1 }
5T AL AT G A W= 3] A 4] 422 ZHEE 3m x Z10] 10m x 0] 3.4m)T} Ak Al
10m, Z10] 80m, 231 2m, =17 3.7m) o} A ARAIHI(30L) W 0 2 o1AAS- A e (m EX A §: 2.¢d 3 7]E}2
o]-g3to] AHBFATE ARALS. 1T BARS ARESHG T 2024 59 29¢)0] HAlEL0] 23)(6Y 18%, 7Y 172
of| AA HSEAL XA CGL BRVFL] AufghA-& v n st A3} BRVFQ] AL Ao} *H:HéEﬂ‘
3| AF2-517F ot G AR o s A AL sltels FES Bt Ea] Algawoe] Ao
BRVF:= 25+ 29.4%2] HAE 201} CGo] 49-41.8%2] 2 HAHS Bgirh 4] 5219 BRVFS] APt
2o 22 11.7em, B4 3.2em, FE 1.6cm, CGO] A#AF L0 22 14.2cm, G4 2.8cm, GE 1.3cmO 2
BRVFo||A] AJHlE ARAF 2412 21.3% )1 A} JZ0 7171 14.2%, 12.3% ATk A4 & 502 BRVF2)
ARAF ABS-L 22 14.2cm, A 4.2cm, G 2.0cmE THE2A410] 24 14.5cm, 94 3.3cm, = 1.7cmEch g
A 27.2%, HE 17.6% O, AL 8.7% WOkl TS 7.2% RO H] 242 fo| 7} ¢191ct. T3 BRVF
oA el jo‘*o Jﬂl sleto] Ajukate] 23} a7} A9l oLk, CGo) 749 slkut Ayeto] AulE AjgHate] %
o] 17.5%8] & HAE Rk o= CGO Hehe FAYOR 4347t Aol @ xdo] ol shat
s A A€o Az Ao AR nebd FUF EE0) Akt ke 918 CGeld S9l(rhER
A= AR BRVFO| A Ajulsl= Zo| galshchar Alm gk
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Comparison of Growth and Lactucin Content of
Heukharg (Lactuca sativa L.) Lettuce Grown in
Hydroponics and Aquaponics
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2 7ol AARSL A AP A Sl 5 95 L AL s ol
AT APLF HP= =7 A ull 7|(W 46x L 32x H 22cm, Z2] 2 2P|, Gafatech)E AR5} O 1, A &£ 55}
& (Lactuca sativa L. ‘Heukharang’)S 20243 6 304 o] 1} 8]—01 Hodo] 347} Lke S Aulj 7] Arcke] B &=
8x8cm 7FA 0 2 717} 1353 AASIITE AP 2]t o ojat Hojss F-Eojxl Tl ARl 2]\ Carassius
auratus, Ranchu) 139} (Bt 4|5 4.742.32)5 5= 4] A 3047 ARS5ho] AME-31.o.m, HP A 2] 7= o}
A7) 285 “H"“’” S8 A5 A 27 17U R E 8Y 1097H4] Aulselet. AP} HPO] EC &%= 217} 0.34~
0.47dS'm™, 0.99~1.2dS'm" 0|9} o™, pH:= Z+2} 4.4~6.0, 6.4~7.0, &%= 7}+7} 28.1~29.8°C, 28.3~29.6°C, RH=
Z¥7} 59.7~62.7%, 58.6~60.9% HA AT A2 AA] 64 $(6DAT)2] 73 FA2 4.5cm, FEL21.03cm, ¥

A= 0.49] Zlo| &2 HP7| 7] 2™, 13DATO| = G4 2.85cm, GE-2 2.62cm 2Fo| 2 HPoJ| A 71 A x4
L APOJA] 0.2 2=9ke). T3 A ZA} ATH24DAT) A2 APo||A] 29.4¢, HPOJ| 4] 57.7¢.0.8 HPoﬂfﬂ 28.3¢ %=
WAL, AEF-2 AP A 1.71g, HPOJ A 3.10g 2. & HPOJ|A] 5-9] %] 0 2 =3k thp <0.01). 4] 524 Aufel A5
O] SFEAI FS AP= 138(£2.13)mg/kg, HP+= 105(8.79)mg/kg © 5 AP A] 31% =A] UElstT. 452 A<
2 HPoJ|A] APHT} =QFA|RE, SR4l fHFS APof|A] 32 5405 HGl=tl o] At AP =2 9] QI(P, phos-
phate) ‘F%=7} HPO] FH Ko} =2 A0} #hedo] Ql= A o= Helth g4l J7el H| =3 Al5-2) A&7 H =4
2-E(Sesquiterpene Lactones)2] 172 &4~ A 2ul#(Germacrene)©| 1 ©] & 47} FA &= 14 21 opAE| o]
E-vf|gt2 | o| E-FPP(Farnesyl pyrophosphate) 7 20| 4] APS] =24 U] &P 57} ok & Ao & TEd]
olof| thgt F7tA7F F as Helrk

20245 AT A 9L0 2 ()R e L} A 9E Rlof 235 (202401).
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Effects of Biochar Substrate on Strawbenry Growth and

Fruit Characteristics in Hydroponics Cultivation

Qo' ZMZ 2= 2ol =0/g", M HAsP

S el SR Al Yol AT, A s 71 Ao At

r

Mi Young Lim', Se Jin Kim', Dong Pil Kim', Gyeong Lee Choi',
Mi Young Roh'"", Hyeon Woo Jeong', Kyong Hee Joung®
"Protected Horticulture Research Institute, NTHHS, RDA, Haman 52054, Korea
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B TR A ) Ealr} e vho] 9.3} u| o] w7] SR B8 H-S Qoh x4yt whA] A ]
J= SSHAE, HEo| 2 2} 100%, BFO] 22| 70% + T.0]0] 30%, BFo| @2} 50%+ 0] o] 50%= ZH2F T =AY
o) S0l SUSSIc. 7] 4R 56220239 99 1800 1Tem 212102 442 Gisick. A EC
£ 27100 0.8dS m ' A3 A3}t F 2ak7|ofi= 1.2dS m”!, pH= 5.8~6.0 0.2 A3t HA F 27] A8 At
£ B EELHIO| 22} 100%014] 97 o] 7P ARl Fojo] T HIE0] a5 AolX|= A%
= H AT 33 8 97) A=A BEAL Aol A S EIA 24 27.8emE 7P QoL e, T
2178, AV A5 5 HEO 24 100% HiA] = Fofo] T3 A 271} -f7-2] 21 Q1 Zo] 7} gl 13ho]lA] 3
SPI7IA] & 203] o2k ShAA A2 3 S-S AR 9 FE ATt 15114370, 2

346.9325.0g.0 5 7} WA 2] holl EAH 0.2 §o49] Aol7} Gtk 48711 E2k Fol Hhu] ol
o] pHi= 2 WS} glglont Al S71ol wjote] EC7} E3tuiAIer ulol @Ak 100% Hi] Hel ol

1.56dS ™ A AJat i) ATk Faen i Eax|el ulo] 23} 100% K| 2] 79 483} 3Ale] £
O] 155815 53, ol 0319} 20/01 3 BT 42l ek ol L4} 100% €8 W7 of ek 5 A

22 A3 ﬂ;HH A} 57 Al W) B2 Sfato] lo] 93 W) SR W] B TPsAS Belsl e,
5 ujo] 9312 B3 W] S HiA] A A] OB B4 WL 5 271 el AT Seaystaa) Fit.
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Fruit Characteristics of Grape ‘Stella’ according to
Types of Growth Regulators
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2L AHEp = Sy Ao SAtel oA S433 FE5o = A T o) =ty o] Zegto] S olw A7
4 eFgol ot A2 ‘Fea 1 HISSSE SIS AWk e 2T AHAF A Sof ke - ot A4k SISk
AEZPAE AL et ‘2dey FE55 718 ARIHAZ 7 22 A2 A A2 o
o] ZaL FAUA ozl ogze] ). wbA & Aate A=A Sl wet A7 W B EALS
ARFe = FolthE7] Al AR = o2 A Al717] Sfsl gtk Aldae RS EAA = gl
o A SAAY E= ‘A”lEPE o] 833l Sl S E dem A =S HRTE AR A| GA3,
tidiazuron(TDZ), forchlorfenuron(FCF) TH-& 2! 28 © & ul7j7|of 12} A 2|5 5130 10Y & AR =
wzpsto] 221 22| & AABIAT A7 Aol= GA3(12h A 2] Ftoll Al =7 vrehgtom TDZ7} 23 4] #<]
TFol = A7 o] FAUAE S HAlrk S-S GA3 + FCF(13}), GA3 + TDZ + FCF(2A}) A 2]+Lof|A]
7.0g0.2 7V BASII 13 H 2ol 4] GA3 + FCPE AMg3H A ) 75 0] HA14.0.2 7] ehteh, Gl A
A2 7k 2ol 5 Kol A] 9Aqtot GA3(1ZhREARE-SE A 2] tof| A AFgHro] 0.9% = ot h4ka| 71 28.72 Wk
T A= GA3(13}), GA3 + FCF(22h) A 2ftof|A] 1.8 2 gty o] Kofo] 71 & Yehgtow 1, 22} B
GA3 +TDZE A& A2l Ttoll Al 122 Tepd gof| 7R7et. & 1+ B3k A3 A7 o] Fefl= A4 |
A Ae|o] FFo] AL, 22tof| A= FA Htof] FFE v|Al= Aoz AekE: wepa] GA3(13h), GA3 +
TDZ +FCFQ22hE A g]sh= Aol S, G & S-S FAlskH A7 o] AL 777} gfobA Solths7|
o] HolAdo] F7Fe A o= AbmEnh

> W
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Growth and Yield Characteristics of Chinese Cabbage Varieties
according to Annual Spring Cultivation Conditions
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Root Zone Direct Current Treatment Enhances Lettuce Growth in
a Greenhouse

Hye-Won Jeon, Myung-Min Oh"
Division of Animal, Horticultural and Food Sciences, Chungbuk National University, Cheongju 28644, Korea

Electric current is known to affect the morphological and developmental characteristics of plants. This study aimed
to investigate the effects of root zone direct current on the growth of lettuce (Lactuca sativa L. cv. Fairy). Lettuce
seedlings were transplanted into pots two weeks after sowing in a greenhouse, and stainless-steel plates were
inserted on both sides of the plants. The treatments were designed to compare lettuce growth with or without 1.5 V
of direct current (DC) application, as well as with fixed constant or reversed direction of DC. For the DC
application, there were four treatments established as follows: constant direction current distance between the
plates at 5 cm (C5) and 10 cm (C10), and reversed direction current every two days at 5 cm (R5) and 10 cm (R10).
Growth parameters, including fresh and dry weights of shoot and root, number of leaves, leaf area, SPAD value,
and Fv/Fm ratio, were measured four weeks after treatment. As a result, the application of 1.5 V of DC tended to
show high-shoot fresh and dry weights of lettuce compared to the control. Although there were no significant
differences between constant (C) and reversed (R) current directions, significant differences were observed
between the 5 cm and 10 cm distances, with the 10 cm treatments showing higher leaf area, shoot fresh and dry
weight, and root fresh weight. Specifically, the shoot fresh weight in treatments with a 10 cm distance between the
plates (C10 and R10) was 1.2 times higher than the control. Similar trends were observed for the number of leaves
and leaf area. These findings suggest that root zone electrical treatments with a 10 cm distance between plates can
enhance lettuce growth, particularly in shoot weight, without causing physiological disorder. Further research is
needed to explore the underlying mechanisms of electric stimulation and to establish treatment methodologies that

can efficiently enhance crop productivity.

This research was supported by Basic Science Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (grant number 2020R111A3074865).

This research was supported by “Regional Innovation Strategy (RIS)” through the National Research Foundation of

Korea (NRF) funded by the Ministry of Education (MOE) (2021RIS-001).
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Development of a Greenhouse Environment Dashboard and
Remote Control Software with Game Ul
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2T HAEE Va2 vt 2okl A 85 AL )tk s 2okellde HAE Bl 7S o83t 2haAful
72 HiolB & 7 oM HU B Fslal 222 22| & Algd| ol 8l delshe LntEs ol Bt
A7 &RsHA AYE AL ek & At Az 7Mool 71 AR S AAREOR U B ekl Aujehd & &
Asto], ] gl 2 AutER ALES Ao o= Q= A )] AntEg He] R4S AskaAL gtk o &
?I3ll Pygame 7|Hke] Al Al o) & -8t MRt A+ FH A A} x| @ 0 2 W Al S o
ORIV S 0L ARSAP 7S BRI A o) F e e U B PBlal Alofd 4= Sl AlLEE 7
g}t Aol A E 7IATHAWS)olA AAIZEe 2 714 JRE 35101, o) & AlY AlE |0 Aol A Al
# 02 FHsto] P 7] Aede Aeletditt HAE EUS ks dlofl 2-8-5= tlolH= A Wi o
AR EO A AAZE HUE o] 7Hs3hH, B Lol7t 37 7 H| o8 24 0] 7Rsdhe s AABI AT T3 71 g
3ol A 2 Alof Al 'l 22kl 4= Qe S80I o] 2fRh AR AR 5 vy FH e} AFE o], AL
SR 220l wet A A o7} o] R AARE =3l vy A= TR AIM E Fll 2, 5, FT 5 2
glo[EE AAZEe 2 3151, =2l H|ol8 = oFF0]le(Arduino)2} Zf==H|2]uto|(Raspberry Pi)E &3l 2t
FE AHE AFSHe s SFAFE 755100y 122 LED, ¥, 7] 5 YA 22 A|o7} Ths el A
TR AR EE 7|22 Ao R4 Er) wEp 2 2419] QIEjH| o] AE fs, H2aur 7 57
A3 o] s &2 WL A|ofsh= WA o2 AS ol A skt 53, of 7] 33 7Mde ol A8
st ARGAPZE 7MY 33 Bl ™ vt -9 el U P Alofd o= Y= A H|o| A5 5%
gl 219E ol ol A= Al Aol e Foll ARSA XSk /] 7R ol A &7 U B B Ao, F]
olf A& At 7|eddol e B84 W ARAE AT 2 Aol A YA REY Va2 &
T 20tE 24 S0 AT s okl A HAE B 7]se] Bhte] 7] d o= Jle o= 7] iRtk

4

e

il

QAT FEHATAIEE o] ol 2 AT A (A LE: NRF-2022RIGIAL011147)2) glo] o]8] ol o121

*Corresponding author, E-mail: taegon@jbnu.ac.kr

* 185



20248 (AN EYBEPTTSNE YNBSS W FAStEUH| YHESY

37149 S| EFZ A& £S5 BES o]& 24 Uivhilk

n—'=
o7 B3t 24 ADr L LA Al g FA 0

Energy Load Estimation for Air-Source Heat Pump Installation in
Greenhouses Using Building Energy Simulation: A Case Study of

the Advanced Digital Greenhouse at RDA
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Analysis of the Correlation between the Incidence of
Naturally Occurring Downy Mildew in Cucumber Cultivation
Fields and the Air and Soil Temperatures
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Optimal Irrigation Cycle for Lettuce and Basil Seedlings Grown in
a Plant Factory Using Growfoam Media

Jaeho Jeong, Yoomin Ha, Sehui Ban, Inseo Hong, Hongchul Jeong, Junho Lee, Yurina Kwack’

Department of Environmental Horticulture, University of Seoul, Seoul 02504, Korea

Urethane sponge is the most commonly used medium in plant factories. However, challenges associated with
uniform wetting, seedling damage due to individual separation at transplanting, and disposal issues after use have
prompted the necessity for the exploration of alternative media. As an alternative medium, we selected Growfoam
and conducted the study to identify the optimal sub-irrigation cycle during the period of seedling production for
lettuce and basil in a plant factory. The lettuce seedlings were cultivated for 12 days after sowing, and the six
different sub-irrigation cycles of 8 h, 12h, 1d, 2 d, 4 d, and 6 d were applied. The basil seedlings were sub-irrigated
with the six different cycles of 12 h, 1d,2 d, 3 d, 4 d, and 5 d for 29 days after sowing. At transplanting, the lettuce
and basil seedlings were classified into three groups (A, B, and C) based on their PCS values, which were measured
non-destructively, and the growth and yield of the seedlings in group B were investigated at each irrigation cycle.
The lettuce seedlings showed the highest growth in the sub-irrigated cycle with 8 h, 12 h, and 1 d; and the basil
seedlings in the sub-irrigation cycle with 3 d had the highest growth. The growth of lettuce plants after transplanting
was highest in the seedlings irrigated every 12 h and 1 d during the period of seedling production, and the growth of
basil plants after transplanting was not affected by the irrigation cycle during the period of seedling production. The
results of the yield assessments of seedlings graded according to their PCS values indicated that there was no
significant difference between the yields of seedlings in groups A and B, both for lettuce and basil; however, the
yields of seedlings in group C were found to be significantly lower. The results of this study confirm that the
optimal irrigation intervals for lettuce and basil seedlings were 1 d and 3 d, respectively, when using Growfoam
media in a plant factory. Furthermore, this study demonstrates that it is feasible to establish seedling grading criteria
for optimal yield production using PCS values that can predict seedling growth non-destructively.

This research was carried out with the support of “University Innovation Support Program: Grants for research on

specific topics to solve social problems” by University of Seoul.
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Analysis of Paprika Greenhouse Environmental Data Using
Smart Farm Data

= * —
i, BXIS, o

SRl el At ahebel Al el ATk

2113, ofxpst

—

e
M

Hyeonwoo Jeong", Jiwoong Bang, Minhee Han, Jinhyun Kim, Jaechan Lee

Protected Horticulture Researche Institute, NIHHS, Haman 52054, Korea

T AUl 7140 HFS AGEA 27HE T A EA) o) AulER nEe 14 SE0R
0] 0l A SIS Aok BN PR Pu S iR YU UG A TT ALY TS
£ 3R 241 APHER 7|62 A90sl] S1aA: £ vl 08 Hlele g 2ue
FeAds=Tlss ?:'SH Frc. @A = of 2] 7| Ho= Aes7E SHeE 2 U &
Hl°olEE X‘ﬁ}lE Bl R & = Q= AR AE AlSSHaL Q. whebA] 3 H|ol B o] 54
o b 2HES- AJALEL7 | 95 241 0] A A ShA W 9| & uleldl 4=
e 71aS ol gste] 2E s AE A EE Alee = ek webA 2 A
A 430 ABHER2) Hlo]elE ol stel 57 27 el sl ol vheo 2 24 Al
< 5] S5 @ﬂ otk 2 Aol A ARGE Elo]Elt= 2021 8YFE| 20221 7714 9] mhz el
7 lolelE ol 43191001 52172 357} o]l E Hadol ol 851sirk. 3571 whelm A e
91, 9], 3t9) TFO R FEFYo] 158 317 vlo] e 2 ] wakeick. 4] Auk AL 519 159 SR
b7} e gl e At A 0.2 A eh b e slelat 4 Iic) o) F mTelvte]
A 2 HlolE o] H9E AISHL A TAME 24 €78 e WIS SIS o g olth

1 e
=<

n

-~
2

L
rit
)

&o
d
o 1 2

I

-

o o
oZ o

ot
3594 _Lu Oﬁl
ML
Ji
o
off
ol

o
i

N
N
b)
u
E
Zi
%
ot
ox,
o
do

S

2L
o

=24
=

_l
ol

_ﬁ
L

r
= of
I
L

FU ofp
r
)

o o o

1> oE o M

10—.~
OELHUF
o Bl ox

oZ;

?_
?_

FEU8A ﬁ?*?‘”(*ilfﬁﬁlﬂm PJ016689)2] %] Ylo]| 2J3]] o]0}l Al
20243 = 5= (= ol S eH) A AT 2y A1 AR ol 23] o] 17l A4l

rr e

e
e ore

*Corresponding author, E-mail: choice0013@korea.kr

* 189 ¢



2024 (At Y ST HSIS| YAE S| & FAHSELES| YH=Y

P-68

Changes in Growth and Quality of Eggplant Rootstock ‘Patrol’ by
Nitrogen Concentration of Nutrient Solution in a Plant Factory

Hongchul Jeong, Inseo Hong, Sehui Ban, Jacho Jeong, Yoomin Ha, Junho Lee, Yurina Kwack’

Department of Environmental Horticulture, University of Seoul, Seoul 02504, Korea

Eggplant is one of the most important fruit vegetable crops in the world and it also account for a large percentage of
the grafted seedlings exported from domestic nurseries. The production of eggplant grafted seedlings is increasing
due to the advantages it offers. The ‘Patrol’, which is commonly used as an eggplant rootstock, exhibits a relatively
slow growth rate, therefore, commercial nurseries are sowing it 2-3 weeks earlier than the sowing date of scion and
applied more nitrogen fertilizer for the production of ‘Patrol” rootstocks. This study aimed to investigate the growth
and intumescence occurrence of ‘Patrol’ rootstocks as affected by different nitrogen concentrations of nutrient
solution in a plant factory, and to evaluate the success rate after grafting with ‘Heukmi’ and ‘Otoking’ scions. The
seeds of ‘Patrol” rootstocks were sown in 72 cell trays after sprouting for 60 hours in the dark chamber at 29°C of
air temperature. In ‘Heukmi’ and ‘Otoking’ scions, the seeds were sprouted under the same conditions as the
rootstock and sown in 72 cell trays at 18 days later than the rootstock. The seedlings of rootstock and scion were
cultivated for 39 and 21 days after sowing, respectively, under the condition of air temperature 26/24°C and relative
humidity 56%. The light source used was white LEDs, with the condition controlled at the light intensity of 250
pmol m™? s and the photoperiod of 16/8 h. For the production of “Patrol’ rootstock, the nitrogen concentration
varied 100, 150, 200, 250, and 300% based on the standard nutrient solution composition for eggplant, and the
scions was irrigated by the nutrient solution with 100% nitrogen concentration. The growth of ‘Patrol’ rootstock
decreased by increasing the nitrogen concentration of nutrient solution, and the seedlings of ‘Patrol’ rootstock in
the 100% nitrogen concentration treatment exhibited the highest growth including plant height, stem diameter,
number of leaves, leaf area, and dry weight of shoot and root. And, the incidence of intumescence in the seedlings
‘Patrol’ rootstock was found to be reduced by increasing the nitrogen concentration of nutrient solution. The
‘Patrol’ rootstocks in the 300% nitrogen concentration treatment, which exhibited the shortest plant height, were
not suitable for grafting. The highest success rate after grafting was observed to be 100% for the ‘Patrol’ rootstock
when treated with the nutrient solution containing 200% nitrogen, which is likely attributable to a minimal

difference in stem diameter between the rootstocks and the scions at the time of grafting.
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Comparison of Growth Characteristics and Productivity of
First Use and Reuse of Substrate Mixture in Substrate Culture of
‘Doobaek’ Potato (Solanum tuberosum L..)

Man Hyun J 0
Seed Management Office, Chungcheongnam-do Agricultural Research and Extension Services, Yesan 32425, Korea
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Comparison of Growth Characteristics and Productivity of

Substrate Mixture and Peatimoss in Substrate Culture of
‘Doobaek’ Potato (Solanum tuberosum L..)

Man Hyun J 0
Seed Management Office, Chungcheongnam-do Agricultural Research and Extension Services, Yesan 32425, Korea
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Characteristics of Bulb Yield and Bulbil Formation of
‘Namdo’ Garlic (Allium Sativum L.) according to
Cold Treatment before Planting
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Effect of Growth Inhibitor Treatment on Pepper (Capsicum

annuum L.) Seedling Quality and Plant Physiological Indices
Followed by Sowing Time
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The Rate of Fruit Set and Fertilisation Failure of ‘Sweet Gold’
Kiwifruit by Bumble Bee and Artificial Pollination in P.E. House
and Wind Protected Net Cultivation
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The Rate of Fruit Set and Fertilisation Failure of
Gold Kiwifruit by Artificial and SS Pollination in
P.E. House and Wind Protected Net Cultivation
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Growth and Nutrient Solution Uptake Characteristics of
Eggplant in Semi-Forcing Hydroponic Cultivation
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Effects of Closed and Open Hydroponic Systems on
Tomato Growth and Fertilizer Savings
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Seasonal Patterns of Energy Consumption for
Lettuce Production in Vertical Farms

Da-Seul Choi', Eun Jung Choi*, Sang Min Lee?, Myung-Min Oh""

'Division of Animal, Horticultural and Food Sciences, Chungbuk National University, Cheongju 28644, Korea
“Department of Urban Environment Research, Korea Institute of Machinery & Materials (KIMM),
156 Gajeongbuk-ro, Yuseong-gu, Daejeon 34103, South Korea

The purpose of this study was to analyze energy consumption patterns for lettuce production in vertical farms
according to seasonal variations. This information would provide fundamental data for efficient vertical farm
management. Throughout four seasons, the 2-week-old lettuce seedlings (Lactuca sativa L. cv ‘Fairy’) were
transplanted in a vertical farm module and cultivated under consistent environmental conditions for four weeks.
The controlled conditions included artificial lighting at photosynthetic photon flux densities of 150, 200, and 250
pmol m™? s (white LED; 16 hours on/8 hours off), air temperature of 22°C, 70% relative humidity, and CO,
concentration of 600 pmol mol”. Energy consumption data of LEDs, air conditioners, heaters, dehumidifiers,
humidifiers, nutrient solution pumps, and air circulators were individually collected every minute using a watt-hour
meter. Shoot fresh weight of lettuce grown under PPFD of 150, 200, and 250 pmol m™ s™' increased with light
intensity, showing consistent trends across all seasons. All treatments, except for lettuce grown at 150 pmol m™ s™
PPFD in the spring, achieved a commercial standard fresh weight of over 100 g. Shoot dry weight, leaf area, SPAD,
and photosynthetic rate all increased with higher light intensity, while specific leaf area showed an opposite trend,
decreasing as light intensity increased. This pattern was consistent across all seasons. Using the collected energy
consumption data, we compared the energy consumption pattern of individual devices and the total energy
consumption for each season. While the energy consumption ratios of air conditioners, heaters, humidifiers, and
dehumidifiers varied by season, The total energy consumption (kWh) across seasons did not significantly differ.
Based on this, we analyzed the energy use efficiency (EUE) and light use efficiency (LUE) values (kWh kg™).
Except for spring, EUE ranged from 40 to 44 kWh kg, and LUE ranged from 13 to 15 kWh kg, showing similar
values across the other three seasons. As we expected, the energy consumption ratio of individual devices
fluctuated with the seasons, resulting in overall energy consumption patterns. Although energy use efficiency
(EUE) and light use efficiency (LUE) were calculated, the overall energy consumption values were relatively high.
Therefore, future research should focus on improving overall energy use efficiency in vertical farming through

various approaches.

This research was supported by ‘“Regional Innovation Strategy (RIS)” through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (MOE) (2021RIS-001).
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Changes of Carbon Dioxide (CO,) Concentration in the Daytime
and the Nighttime by Greenhouse Type in Mongolia
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Growth Characteristics of Strawberry Cuttings in Vertical Farm
Affected by Planting Distance and Substrate Volume
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Influence of Ammonium Perrhenate (Re) Concentrations on the
Growth of Chili Pepper

Yeon Ju Choi, Sang Rim Kim, Faraaz Ahmed Mohammad, Ji Gu Lee, Jum Soon Kang*

Department of Horticulture, College of Natural Resources & Life Science, Pusan National University,
Miryang 50463, Korea

This study aimed to evaluate the effects of the radioactive isotope Ammonium perrhenate (Re) on the growth and
physiological characteristics of peppers under laboratory conditions and to propose countermeasures to minimize
crop damage in the event of radiation release. The experiment was conducted using chili pepper (Capsicum annuum
L.), with Re concentrations set at 0, 5, 10, and 20 mg-kg™, and growth was observed for 50 days. After 30 days of
transplanting, an increase in Re concentration led to a reduction in leaf count, leaf area, plant height, root length,
fresh weight, and dry weight, with significant decreases observed from low to high concentrations. Specifically,
fresh weight at 20 mg-kg™ was 13.4 g, representing an approximately 80% decrease compared to the 66.6 g in the
control group. A similar trend was observed after 50 days, with biomass at 15.9 g for the 20 mg-kg™ treatment,
about an 83% reduction compared to the 91.6 g in the control. The fruit count was 0.7 per plant in all re-treated
groups at 50 days after transplanting, compared to 3.5 in the control group, indicating a lower fruit count. Overall,
Re treatment led to a decline in growth parameters, with the most pronounced effects observed at the 20 mg-kg’
concentration. This study identifies the negative impact of Re concentration on chili pepper growth. Also, it
provides essential foundational data for developing practical countermeasures to minimize crop damage in

environments contaminated with radioactive materials.

This work was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean govern-
ment (MSIT) (NRF-2019M2D2A2050918). This work was also supported by the Institute for Korea Spent Nuclear
Fuel (iKSNF) and Korea Institute of Energy Technology Evaluation and Planning (KETEP) grant funded by the
Korean government (Ministry of Trade, Industry, and Energy [MOTIE]) (Project No. RS-2021-KP002656).
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The Effect of the Radionuclide Sodium Iodide (I) on the
Growth of Lettuce

Yeon Ju Choi, Sang Rim Kim, Faraaz Ahmed Mohammad, Ji Gu Lee, Jum Soon Kang*

Department of Horticulture, College of Natural Resources & Life Science, Pusan National University,
Miryang 50463, Korea

This study was conducted to investigate the effects of the radionuclide sodium iodide (I) on plants when released
into the soil and to help develop countermeasures to minimize crop damage in the event of a radiation leak. The
plant cultivar used was leaf lettuce (Lactuca sativa L.), and the I concentrations were set at 0, 50, 100, and 200
mg-kg". The plants were grown for a total of 50 days, with growth measurements taken on the 30 and 50 days after
planting. As the I concentration increased from low to high levels, there was a statistically significant decrease in
plant height, leaf number, leaf area, fresh weight, and dry weight. In the high-concentration treatment group of 200
mg-kg”, no further growth occurred in seedlings before the 30th day, and the plants died. 30 days after trans-
planting, leaf area and fresh weight of the 100 mg-kg™' treatment group decreased by approximately 96% and 98%,
respectively. These results experimentally demonstrate the effects of radionuclides on plants and are expected to

contribute to the development of effective response measures in the event of radionuclide contamination in the soil.
This work was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean govern-
ment (MSIT) (NRF-2019M2D2A2050918). This work was also supported by the Institute for Korea Spent Nuclear
Fuel (iKSNF) and Korea Institute of Energy Technology Evaluation and Planning (KETEP) grant funded by the

Korean government (Ministry of Trade, Industry, and Energy [MOTIE]) (Project No. RS-2021-KP002656).
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Characteristics of Quality and Yield of Korean Melon according to
the Installation Location of Pollinating Insect Bumblebee
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Sk HHES Yjro] AxF Aa)7h 71 Rkt 3UNE 6UAA] % S HouE o)n 43 A}
4,103kg/10a, S|9JHE 2]2] WA 2|7} 4,138kg/10a, B9 2]2]7} 4,269ke/10a5 X 2] 7+ 8-2]3F Zfo]i= ¢IQiT}.
HHES 2,39 ©)iol] Ax|slR otk ALo] ol FodHe] BE4o] Yol 3,49 Fe] Sefo] Gopx|
B 9] 270 HYHREL 519 jito] ] sl o] W BEA G2} THe] o] Gelgt A o2 ek,

%ié«l T8 IOl et sk s 71 218 % AF THAI(RS-2021-RD009627) 2] A2
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Measurement and Simulation of Crop Growth and
Biomass Accumulation in Lilium LLA Hybrid

Hoon Choi', Hyo Beom Lee'**

'"Department of Agriculture, Forestry and Bioresources, Seoul National University, Seoul 08826, Korea
“Research Institute of Agriculture and Life Sciences, Seoul National University, Seoul 08826, Korea

Crop modeling provides a mathematical framework to represent the physiological processes of plant growth and
development. Plant growth and yield are primarily influenced by photosynthesis, which is, in turn, affected by
environmental factors such as light level, temperature, and soil moisture. However, in geophyte plants, the initial
growth is driven by the bulb, the primary source of energy and nutrients during the early developmental stage. The
objective of this study was to simulate the growth of lily based on photosynthetic carbon assimilation and
source-sink transition of the bulb. Carbon fixation at the leaf level was estimated using parameters from the FvCB
(Farquhar-von Caemmerer-Berry) photosynthesis model, and the canopy carbon assimilation rate was determined
with leaf area index (LAI) equations, which were derived empirically for both sunlit and shaded parts of the
canopy. The LAI was described using a beta function, with a maximum LAI of 3.11 m*m’. The FvCB model
parameters-Vemax, Jmax, and Rg-were fitted to 43.80, 93.94, and 2.44 for the sunlit part and 40.05, 81.94, and 2.38
pmol m™ s™ for the shaded part, respectively. The temperature dependence of these model parameters was adjusted
using the Arrhenius equation. Carbon translocation from the bulb to the shoot was calculated by the changing rate
of the bulb’s dry weight throughout the developmental stages. Field data collected indicated that the bulb supplied
carbon at a rate of 4.69 mg CH,O (°Cd)" to the above-ground parts (leaves, stem, and flowers) until the full
flowering stage. Assimilated carbon is primarily translocated to leaves and stem before the flowering stage, and the
translocation shifted towards the bulb after the flowers withered. Using the developed lily growth model, total
biomass and organ biomass accumulation were estimated, and the model performance was evaluated against
measurement data from an independent experiment site, resulting in a coefficient of determination (R”) of 0.81. The
lily growth model in this study could represent biomass accumulation and partitioning at different developmental

stages.
This study was supported by the Rural Development Administration, Republic of Korea (Project No. RS-2023-002
31192) and provided field support by the University Farm, College of Agricultural & Life Sciences, Seoul National

University.

*Corresponding author, E-mail: hyobumil003@snu.ac.kr

* 207 ¢



247HA) A Al ThE ALY Ff B3t

The Effect of Increasing Productivity in Apomixis Eggplant
according to the Amount of Nitrogen Fertilization
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771 ) A7) W22 2022 712 8%ha = =t Ui H] 33.8%, AYAEFS- 4,721ton 0.2 = jH] 26.7%S X}
Aoh= 58 A= F shol) 712 47101 ‘59F B thAl 2k 2helo] @ glof \eseS Aadh 4= 9=
FLA71A] < QET) FF0] 7ol EAME AL Stk B 7R E Aule uff Uyt =471 ek S UsHA] AAA
H|A] I o] Fof A= EA] Fo] WAyste] 24 A vk AAstaiat & AIeS AAskITh

At A W EFAIE F4A712]Q] QBT FE-2 20240 29 26 Y of] A4S A1E AEl= B
Hol) w2 212 AJH|EF 712 80%, 90%, 100%, 110% 4] 2] 2 3Ha|5tg.on 1 A} Au) 7|7t ot Eok 2
EC%52=80% 2] 7} 7P Wkl 100% 2] 2] 7} 714 =Qhch, B0k U] ZIALe) 2l 4= 80% 2] 2] 7} 167.0mg/kg S
2 7P w9k o m 100% # 2] 7} 284.3mg/kg 7HY =0kt Tarihe EYEE 7|02 33537 wiEel
100% A 2|A] F- o] 4,400L 0 & oh2 A fot the] Zof 1/3u) F = A A Tps]o] EoF ECoF DAt A4
o] 100% A A 7H w2 A& B3l Ao R AzbHch 2t & 3bA =87k 4 Q U= A H|E
80% A 2]A] 2232, 90% A 2] A] 23.32, 100% 2] A] 23.4, 110% ]| A] 2322 & 80% =] 2] A] 714 wha] 4=
el = A 02 AR QITE AEA ASEA AR 24, o, dE 5 A E fgh xlo| & HolA] ¢Fgrom
I AYSEASL 3, I 52 gt Zfo| & Hol A] ¢Sk o 352 90%, 100% A 2|oflA] 7H ot -f-2gt
Z}o| & BTt 10ad A3k 747} A 2] W Zjo|& Hof 80% A 2|7k th2Q1 100% A 2] thu] 7% 45 Sof &
5 B oot @A7A| o] At Aat A E|EF 80%A 2] 7} v ' Axt Wk op et fiF S| AvE 7HAE A
O =2 et

=2
%
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Early-Stage Nutrient Solution Management for Increasing
Eggplant Production
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7P 7 A A] 78 A B s o2 Qlel] Hte] Fafo] H|2] ¢Ro £7] A7 o] 7haal slo] eFobA|H, AAte 1t
&5 S TV FEE WA "o AEER 02 gl M= A B e 30%E FUE 3EshIu &
3L Qa1 B, nh )7 Ao A 7o) Hrel S 4 QL ek b ok
At 17} o] 7HA] A4 2% 5 v A o] e S5 o8 712 R 5%, 10%, 15% 2ol wfo]
s o oF & FoAshz AH2lE slokE o 7H4] Aol viAl= G2 A
B A AV W AR e 7R QL QB 58 20241 28 26 0f) A 4151e] TH 29977HA] Afulist
ATk 4] 5 A] et glo] 5% 7] st 48 U= TU(B Y 49), 10% Ha7kA] 28 A4=99(3Y
6), 15% 74| 28 U= 14AGE DR A4 32 ARl A[&E| o] ujA] 4 7h77kA] ARt
S AL QAek Hed & 5BEFHL 5% 2] A] 2,588mL, 10% A 2]A] 3431mL, 15% #]2]A] 2,715SmLE
10% A=A 7P 3o wiA] f ECse A 7171 59 10% A 2|7t 7P 23kou) i A]e] -9 ECs e
7}3.0ds/m o]} sl 247 o] ek AEA BS54 27100l Tl Algto] whE 5% A 2| A] 270
7P R o S TR BeE 10% A7t woAlE e Hlen 94, 3% Sl el Aolg B
oA ettt A=A A A - TNl FHEA] ot 10%, 15% A2 7= hEs AdE B o 5
A2t ol A 912 Fote = S BT I S5 I, 31 52 ot Alol & HolX| 3kl
U A3t A7 10% A=A 718 BoF 10% A=A 5%, 15% A2 E T 10% 52 3 S| Baks Wo 4

5 A2 ggo] 10% e F FASHS o] Butael 2102 ekeek
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