https://doi.org/10.5338/KJEA.2024.43.26

@ Korean Journal of Environmental Agriculture - Korean . Environ. Agric. 2024, 43, 271278

Article

3% W oK Cannabis sativa L.) S8 =4 ME0| O|X|
X

https://www.korseaj.org

rr

Light Quality influences Hydroponic Growth of Hemp

(Cannabis sativa L.) Seedlings in a Plant Factory System

Jeong-Wook Heo (%), Jeong-Min Lee (), Jeong-Hyun Baek () and Tae-Hyun Kim

https://doi.org/10.5338/KJEA.2024.43.26

Korean J. Environ. Agric. 2024, 43, 271-278

Received: November 12,2024
Revised:  November 15,2024
Accepted: November 18,2024
Published: December 5, 2024

Online ISSN: 2233-4173
Print ISSN: 1225-3537

Check for
updates

(©The Korean Society of Environmental Agriculture 2024

Thisis an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(https://creativecommans.org/licenses/by-nc/3.0/) which
permits unrestricted non-commercial use, distribution, and
reproduction inany medium, provided the original work is
properly cited.

SETSH TY AR YT
Department of Agricultural Engineering, National Academy of Agricultural Science, Rural Development of
Administration, Jeonju 54875, Korea

* Correspondence: wooncho@korea.kr

Abstract: The purpose of this research is to investigate the light quality effects provided
by Light-Emitting Diodes (LEDs) on the growth of hemp seedlings derived from cutting
under plant factory system. V1’ and ‘V4' hemp cuttings were collected on the 2™
or 3" node from the top of mother plants. The cuttings were hydroponically cultured
under the different light qualities with monochromic or mixture of blue, red or white
light for 6 weeks. On day 42, a significant increment in number of nodes and branches
developed in the V1 and V4 seedlings was shown in Treatment BR of blue plus red
LEDs. In both varieties, the number of nodes and branches increased 14% and 22%
in Treatment BR compared to Treatment R of monohromic red and fluorescent light
(Treatment FL) considered as a control, respectively. Stem diameter in V1 and V4 was
significantly 100% and 117% greater in Treatment BR than in Treatment FL, respectively.
Although the secondary metabolites did not mentioned in the present, it was suggested
that the hemp seedlings derived from cuttings were successfully cultured under the
plant factory system with the BR mixture LEDs compared to the conventional seedling
culture method.
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& ZAsto] ZHES AHisty] WiZol AEad W AuiEHES] A 5399 FEolu Bl o -t

83 AE5FNA= LEDsE Q15 FE R fEste 3-97F B2, LEDs= 7]k 33do] Blsf 7] AA]H]-g0]
2 o] A AES fHehs AlEAol ettt B3 FF5 22 7|E FYol Bl
of o] v] MMoluy N VU EE VAW 710 TYF A0IZ FB P WAy FA
Ho@ 2R 4 Ytk Aol Atk olol LEDsE QTG0 ohet ALIS ey ATTNH AT, FBAE
I & ot dollzE Aol o] &=L UrH4,7,9,10].

Hul(Cannabis sativa L.)= 7] 3-89l Marijuana®} o280t} A8 A7 Q0 HempZE EHFE =0 Marijuana®l &2 354
=4E dsto] -2 or A, A+ 5 FFHNA AR 77 BT HE ARt A=A Az EHN CBD
(Cannabinoid)?} 22 -8-d&0f tgt A= LAHFH £ o] §rh(3,17,20,25]. W=, 7iUth EU R S5 5 o8 vt
A o= tukel Hemp F5oll thigt $s} X108 dja} 4hjjo] &/got=] 1l QIrt. Fortune Business Insight®] l&of oJshd
ol 7Pt F&oh= ok AR 20231 9F 80X, 2030 0l= F 6202 F WS AR At ok S uEoA L 7154
)= vl A mlF % 7FsAdol FESke] 20199 wiekR WEWHS iAStL B9, dA EAE did o R 3 95d
2424 Hemp FFo| s17F= Q1 E3 dint 9455 A 2 o] gof #d A57F AP Ao 20208 o7 thvf AR
FET Aoz divt AujAT 9 B 4] 7RSS 71 24]. SHEAMAET Earo] ofshd -2yt dink AjuiH A
= 19704 °F 5300 haoflA] 2020 19 ha®= & FASIRRIL k. o FARGET A o= A7 2 Fo|A 2020 6.6
ha tiH] 2021 48.6 ha® AujHZ|0] F71617] AlZSlal Qw2 £AQ] tivf SA AAHAE 98%= S715t= 5 58
oimpef] dit #A4fo] A=A Stk TI2fut djuto] tigk £ 4 oju]x|o] ofsf 4hd-g dintol] tigt QIX| =7t Wil as) Ajui+t
A, A FH 5 € AiVle 5 1FE dra=A] diup AF 7]Hke] FoFsiths EAIFC] AREHI QU

iAo g fiul= FAE vEsto] AYHEE EFAEISHAY tiuk AjE) 717k @517 ffste] BEoA 4 A FIske
ArEsto] Auigtet. A Al vk 27g0] o B 7HA] A2t AsEe 7t w23l Al 7| 7ko] Fot 7|F 270 webA e
2~33] o]} 8] 7hssithi15,16]). LEu tulE Ao EFAEE Fols F51 A wHjzE g6y fa g st
of wzt g AN G- Zo] FAo] TS|k gtk olo] AAWHE AAStY FF 54 FAISHL Gl EZtE o]
U Yawg A T2 A BAkS ARt A5 APE Jlov fR #E W A 5 AESE W dink AEieg ol
Au71Eo] Het nES B9 A7golth23-25]. ERF tiut fFHE APAtet7] f15te] AHEHE o] &5k Skt REoA
AFE AFote] A A Bl S2AY ARRAAE Zx3 & ERZAMIE B dES fEtvH15]. ey BE o
g o83t Hiul ERAIACl= FElgute], SAEE 5 Wl Hlirt thdstal AepollA Bk HE st 7R 2~35%
o]o] Al7to] gk B AE W 25k, WIS, BT, I2Al ZETFY Ao 5ol o A FE FH | HEoly
A= Apol7h TS | & Rtk whebA 2 Aol A= AU Aol HIs 8 A7t 4% oA AES AlAES 285
of AA, A E= WAl LEDs @Y FE E= ol BES ARt B A7t =g dint A FA iyt v4 {H
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AEARE 5EU8E FHYASATEA =] dinf tiH] 978 44?1 CBD (Cannabidiol) 9Fgo] &il SHZHJER]
THC (Tetrahydrocannabinol) $t&go] Yo zzpo] Zol A E5% Aui7tsAdo] &2 EF0 2 AWst ol (Cannabis sativa
L) VI'T} V& F EFF9] 4R otk A AHE Hste] vizk v4 BEL FT 300 pmol/m2/s WA LEDsE FUOZ
St} 2k 25°C, ke 50%= Aofeh AE37dolA 1AS7IBS AR FAlste] ERANISHATE 7] 27004 Afuiet
oimf AR 2~3utt] oA EGo] 3~4u] HITE AFE AFISHR oW, W Al A T g AR A de Fojof A
E EESHA] k1 19 B¢ E2ET F FAANE fHgAHA] FHE /S Al =o] g AISHAT

AE53 W vt A A AME Hote] WA 335 (Treatment FL, Fluorescent Lamp), A} LEDs (Treatment B, Blue

Light-Emitting Diodes), 24} LEDs (Treatment R, Red Light-Emitting Diodes), 2]% &3} LEDs (Treatment BR, mixture of Blue
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plus Red Light-Emitting Diodes) %! Z%Ju} &3} LEDs (Treatment BRW, mixture of Blue plus Red plus White Light-Emitting
Diodes) 5 5719] & AFE AHstH o YRFR2E 36W Cool-White F35-2 FAISHCE Eg 24 L HHw 55
LEDs A2| 7oA T2z S3tu]go 7F & 3L 11 9 111 H&E Aojslgith 2 A7) BT A HAURE
15297F 50 pmol/m’/s, 3 4] 2F2H5E AuEEAIZHA] 150 pmol/m?/s= A7J5tATt tul 4F5= 34 E flote] B4 (Deep
Flow Type) A4S AT A5 BT 632 AN 7 A2l DAL BEAALS 19 168702 HoI3HS

ot Ak QU7 7HEQt A SRS AEFH W T AAF 88 Yamazaki H(N: 6.5, P: 1.5, K: 4.0, Ca: 2.0 & Mg: 1.0

me/Ly& FAISHL 4A1ZF A A% F-i4stee AMAIY SES SEL 22t 2502°C W 50410%2 Aofskglon] 73

%o EC @ pHE 212 15 dS/m @ 6002 Aojstach. Ea B AMAAE ) A4 L AR L5, ST, EC %
pH, 2E 4% 5 dlole 24, tut AF b L B Siste] AN BUHYALDS T35l 285k, 1.
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Initial Data (Temp., Humi., EC, observation camera
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Image)

A Sensing Data

Schedulin

User Interface
Initialization

Sensor Devices

Timer Camera Initialization |«
- Y
Sensor Operation Image Data
Scheduling
Y
Data Collection
N
Get Images
Y

Data Storage

Qutput
(Chart, Text Value,
Images)

END

Fig. 1. Flow chart of the real-time monitoring system for Hemp growth and environmental factors.

WY TN Y SAA

ot B2 AR 2~3ut oA A4 AfFste] LA st AHuiZRA] 65FA ol Tl AHEE O] 24, uiH S, 7137, JU
SPAD &4 X](SPAD-502, Minolta Spectrum Tech., USA) 5-& =745}4c}t. ESt AL EEst A9 AIFErE-L 3, 7iA|
HHESE= 152 SIlth AlE2 AR R 35t oH Ald $85 F SAEA2 SAS TE I (Version 6.21: SAS
Institute Inc., Cary. NC, USA)Z ©|-&35}o] ANOVA E4513l &4 Ao tjsto] Duncan®] T3 (P=0.05) AA|5I T}
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Fig. 204 Hi= Hfe} Zro], WA Ao oJsf He] FS Fiohe B EZFAH B0 vl &Y E= 239 LEDs
BEE AR AFF AETY ALHA A0 R st Aol A f vk Vidd V4 {HO] AAFRe} X|5HR
A S0 FES Ao s vk B QA e B F Helis A 2 Auie] Hold & esto] gyt
EGS ARESHA] g1 e AHAE AE AAAR o]&sto] =AM A AE HBHO w2 IAo|v Rejsute}
22 HSole BEEA gAuth Auirbeet 2APFES 2Yd AETH 2UA 63 A AENE AL K= ik v
FHO 272 Ao & LEDsE RARRE R0 H|s] FMO| T LEDs2 RARRE B, A B AW &3 LEDsE
ARG BRT 2 BRW-OlA] BAH O R F9JstA| S7Fot3ith(Fig. 3). B, BRTU BRWOllA] V1 tnf {19 242 A5
oF 38~39cm7IA| 271519108 REO\A] 32cm, T RFQ1 FLFO|A] 9F 35cm=E, B, BRT: = BRW—?—OHH R thH] 19% oAt
S7VotAtt. Tt 24410l TEE B, BRTE T BRW 7ol BAZQA f940] gt ZA0E YET Wannida 5
(2024) g 0] THAFAETE of et &AMl TP FAtol| o5 thul A=0] £7] Aol FXIE Tk B rst{rHs]. A%

A Aol A AFTE BRe} o], Aoy AR ThdFE Ao oJjt 714 At FEAYA A7 7HA AL A"
o F71e) ot £71417% Sxlo] ofd uir] 9] AolilE ofujshs Ao E, & AFE A= niHao] F7te] o3t 7141
7ol ©dFdo] opd HMat Yol sabgAo] 7[RIt Ao wekE it vao] 22 Y APl BRFOA] oF 45

l.‘

<V1> <V4>

<Conventional culture in Treatment BR>
<Hydroponic culture in Treatment BRW and BR>

Fig. 2. Shoot and root growth of of Hemp seedlings derived from cuttings hydroponically cultured under the mixture radiation con-
ditions (Treatment BR of blue plus red LEDs in the ratio of 1:1, and Treatment BRW of blue plus red plus white LEDs in the ratio of
1:1:1) provided by Light-Emitting Diodes (LEDs) for 6 weeks. Treatment FL means fluorescent light considered as a control.
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Fig. 3. Plant height (left) and number of nodes (right) of Hemp seedlings derived from cuttings hydroponically cultured under the
different light qualities (Treatment B of monochromic blue light, Treatment R of monochromic red light, Treatment BR of blue plus
red LEDs in the ratio of 1:1, and Treatment BRW of blue plus red plus white LEDs in the ratio of 1:1:1) for 6 weeks. Different letters are
significantly sifferent at the 5% level by Duncan’s multiple range test. Values are means of 3 replications + standard errors.
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em HeAgon izt 2o BRWTOIAE 2gA1g0] oA=Igich, BREGIA V4 EES 2L ejzel FLT dhe] 5% o),
BRWT i8] 80% ol oI5t S71eF A2 & 4 Uitk VI va BB QlolA] ZFAFS thE HeTel Hlsh BRTSH
FLTOIA V1 55 o] vaoll ] 405l 202 Bot Haxe) avke dut 44 B30 et bl 4 982 & 4 AT
V1T va B50) nhtid 244143 nhbA R BR7OIA BAKCR Solskl S7kstasd, e Ael 7ot gel BrY
o glolA] mhtld F7H nhrlo] E&Ao] olat 241 okl mhei4 S7lel 71915t A 0% BEEITHFg. 3). BRWTO]
A 275 V1ol ]3] VoAl ZAstA0m Vi vao] mhrlgoli olst Holzk fgieh. Vi E59] me4t RT ohH] BR]
A 100% o4 F715.00 T HelFel B R7EOIAE BR7IAS ) varch VielA] mhel47t 7151905 BRWT
NAE BEZE SO Aol A glore.
shEl V1 BASE 2ol thelS S701Aeh 2ol A% B¢ LEDs 2A) BRCIA Heigon] w2479
ROl B HEKE 9. 4 A GFA BRFAA VIS| BALE 092 R7 A 65% A7 LT
49%, BRWT- ThH] 13% ol $2I5bA) S71hArk. VIoIAleh o] vae] mhrlsi BRTOIA 135702 Hejgon] 2% 5717}
00 R o] 1259, BRW el 0% Fosteich BRI VIS Ve BT R4 57 %S vme 23t vaol
o 249 Z7HHE RS & 4 AUTh Lo Ao B]s) WA FPE e 2NN ABL A ABTPIAE
Y o|9lo] AEe] FRU ASTA] wet AE Aol X FaAe] Fgo] ks ekt AR AT wd st
N2y 2ANN SAANTE AAF Dol BAS S7H AR Y] 8 HHTkT Sl & A7 A9}
2ol HHEA SU 2ANA Hrt Vit vao] BA% F7He BHES] GRRch Au3 Puo] Bl G we
A0 WAwglch LAl kAol A AEAMA A BHEE AHLRF U P B5HE gaAl7]] g5kl BPES 24
S0 Aojshs BTG Hs) 7] Bl FA L BAES] Aolwek ohlet LE} F9, ST 5 9% BHAIE
¥ BN 7§ 489 AR 9 TG RS A02 YA
ArgolA R 9lo) Aag A AES SPAD ZHXE ZAGE AT VI V4 § BF BF @ LEDs 2A79 B
R B]3) FLT, BRT % BRWTOA] S7k5He 4% OLE— HTKFig. 4). 53] SPAD ZHA| RPOIA Hael Aoz Mo
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Fig. 4. Number of branches, SPAD value, and stem diameter of Hemp seedlings derived from cuttings hydroponically cultured under
the different light qualities (Treatment B of monochromic blue light, Treatment R of monochromic red light, Treatment BR of blue
plus red LEDs in the ratio of 1:1, and Treatment BRW of blue plus red plus white LEDs in the ratio of 1:1:1) for 6 weeks. Different letters
are significantly sifferent at the 5% level by Duncan’s multiple range test. Values are means of 3 replications+standard errors.
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VI B39 Aagyel FaHgoH F AelTrt S8 s greleh. BT FLTOIA ] Magsel A9 the
HeIFSF el Fel Sift fOIT Aol e A2 e Wl 29408, ol 8 B 3100 fIT 398
U121 £ LEDs M2l 79l BRU BRWOIAE BE7F Magasol Aol7k Baslol Vi o] vaol 4 SPAD 2337k felst

A B7ASISIEL ViS] 39 VIS SR FLA0) BRWRO AAT 50l SO T AT Tl $olH0] A5

gk BRTOIA dhok AAGY MATHSL FARE ohet EF0] wre Holdk Zut BAEALY BRTS B9 VI
gl V4ol SPAD 27X7F 13% o4 F7Ke A02 bkt FLT 3 BRWOIA S3AeE V1€) SPAD S A% RT
o] 24% o4 ROlBHA S7HSHAT VaoIAE MaG Aol A R ohEl FLT 9 BRWOIA] 30% ol S7ksteAck B
o] Aolg AMEANA Hhuk A4e] FAYY Aot AR T 2 AAYY P4 ) BAZ tehiickn
Sieis]. o|g} 2 AT v LUzANH HAS thok ERAA Aold F Helo] s} A2 FHBY 23 A
2] | S G| F7KITHE AT AFEh EG £ A7olHet 2ol B F ol2le] FFSolt £
ZAGNA] Tok 52 SRS S ARl ek 2ol G4, BA%, uhelS 37t 59 A SMek wol Hhutel
NAGYS EF B AL %}ol slteHl.

w2
I
4

ol

o

20 A % 4 UGGk VIl S719FE ST A FLT BT W BRWTIN LGS Hon] ofE AelT
Q1gA) ekt BRTOIA V1] 714742 the Azl ol wlsh 100% o4 oI5 lchetedt. 4ol 2714
BRT > B = BRW-E > FL7 > R =02 F7I5HQ1=], V1T vpR7FA = BREO|A] 89 mmE &7]|Z]7 o] Xttt
B9 £ LEDs ZATOA V4-°4 271472 B27 FL7ol Wal 117%, R70) BJ8) 134% S7boheict. S
AGAE VI vao] E7144L RTE AT RE HelFolA BE7F ol Kol VI tiu] va B0l S7]u|Hh7t
2259 BR7S 25 V4.4 27147 V1 o] 20% ol F7KE A & & Uglth
olgo] AURHE ABFY ZANA 1Y GAF ANS HIAS FISHRA ek A4 Iz vag SRS o]
2 wxsl B WAl E4Au] Hls) A4 R R Al feT A0 YAHUT. B BTG 240
| wet 57 A1 WSkl Vil Hlel V4 §e) 57 Aol S A% Selsteck £ AolA
ot A2 ARG T 243 g Aol AolA] BRI Ak Tao] Al RSistel fu S ¥t
L AR 2WekA) gorth Tt A2RY 240N A% £ dhok SR AL FAT %WiiﬂOﬂE 2783 EAA
9l 47 EAGIA EAE A0 Hol Lol kAo|A $RE AASHE TAPERTHE EARAL A
Sk B ABEY LA RIS Aol S B0 FAT A0 AFHL, T £ AFAAE ol 4
9 AT AT S0l o GUB, TR, BYF 270 TULoIt AN A7 Ao] olsie] 1A ) Ca0LY
THCSE 22 7154 A% 4 thah FE7t o So1xx] Qreleh. A83} 349 LEDs S| &L Lefdtol dut APEE
A A A1) B &S WA Alofst AFA AP 2 CBD §H4e] ST ATARIN & 4 QEol[13] & AT
A BARE A3 Pae] BEY 240 o5t FAYRS Aol HE 47 B ol9) Jlet 15 AR AT fol
zol7h e RO.E AAHTH21,2225). SAMMA S AesHe 2T A2 Thet Aol Al AT 2t
o SISt 419} 2 OFEAES] A9 A A W EFANGAON A 8| G5 PURS o2 Pt A 5]
GHFL X 7154 B F OINYALE THFS B Folt YYE 5 AolH IR oI5 HSHTkR ks,
10,11,12,19].

2 @78 5ol Yot BUY 41 ol thol f29) W She oz
AFA 22 TAL ALY FUE A5 [ ok QEE FAPACR A 5 83] ol YUT & U AOR
e, AR 2ol 44 BYFAL A At AR GAE 019 1 A5el @7 euel 2 YA ot
L Bl Ao Bus ekl ont 440 A9 Ana ANSAL eokort A1z F W PP o
S A3 Y ERAG wlo) A5 A 4R dhok f8e) 2d Yao] fmstcka werlgic o2 Vist va ot
B AL 2% BESte] 9 138] A4 A ok R8RS PYHoE PAT S AL Rog st dob ABA
ChD% B oAl AL F2 old Qolit ol Bl T o) 31 | wo] 2% ol BeHlE, gololut
B2 5 5794 B0l 12 SR U9 B2 G5 Holol tistel ZASKRL B o] ofel BAPE faote] vl PES
Bste] A4 U vt ARRE SARN LS GYstnA Bk
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