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Abstract: This study was conducted to determine the appropriate various DIF (Difference
between day and night temperature) for cultivating Cirsium setidens (Dunn) Nakai in
a plant factory using artificial light. The C. setidens (Dunn) Nakai was grown under
4 temperature conditions [20/20(0DIF), 18/22(-4DIF), 22/18(+4DIF), 24/16(+8DIF)°C (light/
dark)], and relative humidity 60+10%. The light conditions were set at a light intensity
of 250+10 pmol/m%/s and a photoperiod of 12/12 hours (light/dark) with white LEDs.
All treatment were supplied with Hoagland nutrient solution at EC 1.5 dS/m, pH 6.5+0.5
using a deep floating technique and a recyding system. In 22/18 and 24/16°C treatments,
plant height, petiole length, and leaf length increased, but stem diameter and root
diameter results were significantly lower. The results showed that plant height, leaf
length, leaf number, leaf area, and the shoot-to-root (S/R) ratio were significantly higher
in the 22/18°C treatment. Compared to the 20/20°C treatment, other treatments resulted
in approximately 1.4 times higher fresh and dry weights of leaves and stems. The
highest root fresh and dry weights were observed in the 18/22°C treatment, measuring
13.1 g and 1.0 g, respectively. The total phenol and total flavonoid content of C. setidens
(Dunn) Nakai leaves showed significantly lower values at 24/16°C treatment. Therefore,
in order to cultivate C. setidens (Dunn) Nakai in a plant factory using artificial light,
controlling the temperature to 22/18 treatment is considered effective for shoot growth
and contents of bioactive compound.

Keywords: Deep floating technique, DIF, Plant factory, Total flavonoid content, Total
phenol content

A A AE(Cirsium Miller)S 28} (Asteraceae) 2 THAX AEE A A|AAHC
2 B35 QoH1]. YAHAES AES AjE4do] Hold apigenin, luteolin, myr-
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icetin o] RHTEUIL[2,3], FAtetet 7 BT A5 BrEsittal A Sl silymarino] T o] kil LA UTHA4L
Yol A Aok A AL E Y F(Cirsium pendulum), BFEJ7dF(C. rhinoceros Nakai), =B FHFA(C. schantarense),
A AAFA(C. viassovianum) 5-°] ATH5]. ©] F ALY F(C. setidens (Dunn) Nakai)+= %ﬁ]—ﬂ}fl] oA 2EAERE I
o Bel/l s, 22 JAEIA AME D Yt et Aot E71E R E o851, Bhe] Folrt glo] At ot avlz
= g6, PPOIAE Bol= AARE, /1ol AHLE Asto] 1Y, B, £Y D TEALS Az 2 A8
Srch7-9]. Bet ofyet &F-gof Qgk A ur7k vk 9 7F £A4F JA[10], AFAE B8} L ROS (Reactive oxygen species) 9]
WAE e FHIR B 9] et Bo] QTET Atk ST TEAR Aol Be BARY ATE REw

AT 0l8Y ABTHL /1Tt ARl JeFS B

g A gkt A8 ol B, £, S, olksteke 59 A% 48o] WA
BHEAL ANH R Aojstel A AN 5 s AAFoleH12-14]. HBFHNA FBL AHlsis A9 BAZA
FoA| gk 2} ol E $E ] 4B AL AT & o, B TS FHsste] A Fol
Fhsdteh. ES A AAETHE AL B B wAe] B4V BashIt, AR $L Who AR teos

go]
2 A7t 7hsshal 9F 0] dFE A @7] WiEel 4 FH9 FAbE AAbo] 7hssi15]. SHARE AlEE A
A Rl 22 BAS AT Aol @b} IS AERGE TR FEol AALA HE T 4UT 87
Ao} 7ol gt 8F%=7}t 150}11:11 Qlt}H16,17].
oFet AuieE 84 § 2= AlZoA 7| B7HA AE9] v dtt BEArgel 9T 7IAH A= B, s I
Lo FFE & Bt O}WE} 9}%4 8 FHo| = o] UTH18,19]. B+ 2= = A4 28T ofyg} 5ot
2 Rshes AE0 Ay TY 2] folRit 71} otk 9 Apo|(F:3t Ht2k - of
between day and night temperature)2} 51, 743}t of7te] W27t FUSHA FA|=™ DIF g2 0, 7t Hd227F w90 d
/DI, oz} B} 0T DIF o2 Uebd % ek, +DIF 2 W 87 8% S22} o] oul A8 F7HA71 T -DIF
& 301 ST S48 9619 B0l WHTED YA SHN]. F0) 8 LEL FHI IH B AL
S5 7 oRie] LR/ ¥0W TEFE0| Sk WEe] EEAY H2S Fols] FIAE of 2 A9
5ERS WAL o] FRAAM, UF B ORHEEOAE Ra] WIS o] He %okt £ A2 Aols)
50 Zash
TFolAEs IEF o]&F AETZNA 1RIPHA] AEQ] 1 YA FHE st ] Ao A FoRE 2= X
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HEZ o e HolHE Z1 1 YHFFH SAHC. setidens (Dunn) Nakai; Danong Co. Ltd., Dongducheon, Korea)&
Aot R A, AZSHA]| AL E S HFE BES0] AT AEAZAF(JSPC-420C, JS Research Inc., Gongju, Korea)ollA] &335-5}]
A L% 20+1°C, FF7] 12/1247HF7H0H o2 F = A (HD2101.1, Delta OHM Co. Ltd., Padova, Italy)E ©]-&3t0] F3H4
FA4 4 & (Photosynthetic photon flux density, PPFD) 200+10 umol/m*/s' 0. & o} 3174-& A5}t woly 2= Qg
AW X (Hydroponic Sponge, Easyhydro Co. Ltd., Chuncheon, Korea)©f| ©]4]s}o] Hrol2lgd 7} 5AstA| |- ottt EFo| 21
o]A} &3l T YA HE ALY 0|87 AETA &S dHA LA Ao 2 HASHY T, S sjg s =1
pH, F71& o, CEC (Fol2Aghe)0] &2 &30 £Estes 5442 118510 [25], Hoagland F[26]5 HEF 5] ((CaNOs),-
4H,0 236.15, KNO; 151.65, KNO; 75.83, NH,H,PO, 28.76, MgSO,4-7H,0 123.2, Fe-EDTA 10.53, H;BO; 0.72, MnCl,-4H,0 2.1,
ZnS0Oy4*7H,0 0.06, CuSO,4-5H,0 0.02, Na;MoO4-2H,0 0.01 g/L, pH 6.5, EC 1.5 dS/m"E 40L 7t Aulstict e AL CO,
%I 500450 umol/mol', AEE 60+£5%0]H, White LEDsS Fof| A 7] 12/12A17HF 70k D 3= 250410 pmol/m?/s'
PPFDE A3}t
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Z-ORZt 2 k| K2

Foftt 2% 2} AP= 221 ODIF [20/20°C(FF3F 12A]7H/OkZE 12A]7h)]0]™, AJ=EQ1 -4DIF [18/22°C(F2%F 12A17}/°F1t
12A171)], +4DIF [22/18°C(F7F 12A]17H/0kZE 1241710 9 +8DIF [24/16°C(F7F 12A]17H/0EE 12AI7D 2 BE 2% A= Ajuj7]
7o) Aat L7} FeoRt L& A} Aelo] YL A GES 5] o) AP 227t 20CE SLsHA A2 Ski(Fig. 1).
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Fig. 1. The set point for various DIF (Difference between day and night temperature) with the same average diurnal temperature of
20°C (Night: 00:00-12:00, Day: 12:00-24:00).

B9 B2 2% 98, 95 99, AU2E, 98 AR 242 2 lxﬂ
= 4

8 AR 279 392 19 /1TOE A 2 S AATHS ¥2) 3 19 1 B4
0] 7120z 2egon, A5t 9us] A A9 A4S S0 AT EY BRAAL 2AL muowequ%
(CD-20DPX, Mitutoyo Co. Ltd., Japan)Z SA5I%Th 9, &7, B9 AA|S5-2 HRFA2(AB204-S, Mettler Toledo, Switzerland)
£ o] &35to] &4olYa, AEFT2 ARE 65°C YFAZX7]|(JS-OV-324, Johnsam Corp., Bucheon, Korea)ol| A 72A]7F AZxSH
T AALSE ol-got] Yottt WA Image ] X E o] (National institutes of health, Bethesda, MD, USA)E AR&5}o]

ZAVoFAT). B HHA(SLA, specific leaf area), S/RE, B 24>(leaf shape index), HHZ-E(LAR, leaf area ratio) o}&2] 54| 0
2 A4kt

SLW (cm®/g) = leaf area (cm®) / dry weight of leaf (g) A1 (1)

S/RE = shoot dry weight / root dry weight Al (2)

Leaf shape index = leaf length / leaf width Al (3)

LAR (cmz/g) = leaf area (cm?) / total dry weight (g) A1 (4)
E 0= 3 5 S0l &

T e T F SSEolE T S4S A8l L JAA d= 65°C BFALT0 Ax7t T Ea4fsto] 4o ARESEA
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th. 13 YJAF 9 F H= T2 Folin-Ciocalteu H'HS A WHFPsto] EA51ATH27]. AR 1 gofl 5 mLe] 80% (v/v) HEHE
S7koto] Aol 24417t Bt FESH, 10,000 rpm O 2 1087F YAEAZ] & FFHE o] 85ttt FH74 900 pLe} 50%
(v/v) Folin-Cicalteu A]2¥(Sigma-Aldrich, MO, USA) 500 pL, 2.5% Na,CO; 1 mLe] &E3r&of F&& 100 ple Y1l vortex mixer
(Vortex-genie 2, Scientific Industries Inc., USA)Z 227 412 t}. Hkgo] B AR BT A
(Libra S22, Biochrom Ltd., UK)E °]&5}%] 765 nmo|A] SFEE SHoI¥th 1HIAFL F = T2 AE g gallic
acid (mg)Z HHsIYct.

1HIAAY F SR o|= $F2 Kumaran and Karunakaran[28]9] WIH-& U ¥FPsto] BXA51% 1, A|59 F
S F He 3 249 SL5H ‘F’é SFTE 80% MRS 900 uLe}t 2% AICL 1 mLo] &0 F5& 100 uLE 4§
vortex mixer® 227t 412 F 3087t HEEAIZATE HHgo] B Alae BFFTAE ol-85to] 415 nmolA FEEE SHSIAL

Z ZtHo|E SF2 AE g quercetin (mg)C.Z FEHSIY T}
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SAEN

AT v & JoJufR] 3ukEo g2 SH L, WY 5534 A5} A4S SAS T2 TIW(SAS 9.4, SAS Institute
Inc., USA):% o]-g-oto] BEAHEA(ANOVA, analysis of variance) AA|519 1L, Bt 7t H|WE Duncan’s A4S o835t
T E Prism T2 13 (Prism8, GraphPad Software, USA)& ©]835}o] UEHTE

w

=R nkS)

Z} 20/20, 18/22, 22/18 U 24/16°C2] 471X L& Z7A0E AA5lo] A AL EAES v|wst d3}+= Table 13} ZTh
1 YBFAY 22 +DIF A2 22/187F 24/16°C AP TLollA] 19.29F 12.1 emE RLET} F7Iotgich A4S R ET
26/14°C A TollA oF 1.28] Aglon, JZ2 A o] §o97 2o]7} ek AP 24/16°C A2 HolA 63 cmE 71
Algstalon, Hdf 24 BE A7t 494 ApolE Kol gttt #EAAY 242 29}t Hwsto] +DIF A2l
22/18%} 24/16°COllA A7} Gk AFE Btk ot 2% AP & nHJAAY A, 7] 2 H9 YA AEFTS
ZAFSHYTH(Table 2). TR} v] W W, 18/22, 22/18, 24/16°C H&| 79 9 WA ZL 77 1.8, 1.6, 14814 2716191, I

Table 1. The growth characteristics of Cirsium setidens (Dunn) Nakai as grown under various DIF for 40 days after transplanting

Temperature Plant height Leaf length Leaf width Petiole length  Crown diameter Maximumroot  Root diameter

(light/dark; °C) (cm) (cm) (cm) (cm) (mm) length (cm) (mm)
20/20 40b* 99b 773a 43b 940a 193 a 9.04 ab
18/22 72b 10.3ab 7.58a 38b 9.55a 17.1a 11.82a
22/18 19.2a 11.5ab 7.18a 4.1b 7.65b 19.9 777b
24/16 12.1ab 12.0a 8.18a 63a 8.56 ab 194 a 7.74b

*Mean separation within columns by Duncan’s multiple range test at p<0.05.

Table 2. The fresh and dry weights of leaf, stem, and root of C. setidens (Dunn) Nakai as grown under various DIF for 40 days after
transplanting

Temperature Fresh weight (g) Dry weight (g)

(light/dark; °C) Leaf Stem Root Leaf Stem Root
20/20 12.0 bz 34b 9.1b 12b 03b 06b
18/22 215a 5.7 ab 13.1a 21a 0.5ab 10a
22/18 194 a 8.1a 79b 19a 0.7a 05b
24/16 17.2a 75a 93b 19a 0.6 ab 06b

“Mean separation within columns by Duncan’s multiple range test at p<0.05.
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Fig. 2. The dry matter of leaf (A), stem (B), and root (C) of C. setidens (Dunn) Nakai as grown under various DIF for 40 days after
transplanting.

Vertical bars indicate standard errors of the means (n=6). Within-graph means followed by the same letter are not significantly dif-
ferent by Duncan’s multiple range test at p<0.05.
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Fig.3.The no.leaves (A), leaf area (B), LAR (C, leaf area ratio), SLA (D, specific leaf area), leaf shape index, and S/Rratio (F) of C. setidens
(Dunn) Nakai as grown under various DIF for 40 days after transplanting.

Vertical bars indicate standard errors of the means (n=6). Within-graph means followed by the same letter are not significantly dif-
ferent by Duncan’s multiple range test at p<0.05.
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ABELS 747} 1.8, 1.6, L.6HIR Z715H9Ith. 22/187F 24/16°C X2 To] £7] BAET AEFLS 27 R} Z716197, o=
o5 A7t R ETE 24 o] FUIE] WroRE ”&%%E}(Table 1). 18/22°C Ag|9] ¥e] BAZH AE8F2 47 1317
1.0 g0 & R Hty F76H3leh F ot 2 Xpof| WE ARES RARRE A3k(Fig. 2), ¥ A+ 1Y K< Apol7}
R, £719] AEE2 22/18°C T4 11.4%E w3} H, B9 HEES 18/22°C AYFoNA 7.6%E FoHo g &2
AFS 2ok

ESE 5ozt R Zpof] wEba 1 JAAY AT E0] DEtAE AL FRISIATHEg. 3). 22/18°C A Y] G

AU EFact 22 203 L4 FHAUG 3 AT U G 1EE ekl LR o] S48 42V
2 2PEAS AT Y AL oulshed], ol F-oik L& Hol7h U] g 20/20°C el T4 1060 em’/gi Zhol
B3 F-oRzko] @ A7} 2 24/16°C AT 759 om'/gR 1A R AL etk GAEFC] e duHu e

U SLAE 95AE H0R el 0 go] 248 ghe AL oJulse, PRAT LAR gl A%H 24/16°C
Aol SLA glo] 7HE WA ATk GRASE glo] AR GEo] Yo e oJnjsin, Fooktk L& Holt
TR 9 20120°C el TolA W ghe Uehlch SRS AR} ASHEY ABF HER, gho] 248 AR A8l
Wk A2 ek, 22/18°C M TN 412 A ot ASHERTHE Aol JUA AR Bzt ATiHog ol
201 Aoz B,
ot 2 Aol W AE 1 g F Wlis(Fig 44), +DIF 472 227183} 24/16°CNA] ROH O e g mglom,
213 ¥ Sehaiol= ek(Fig. 40)% 24/16°C A TN 177 my/gO.& Fepo] Rkeh. AT ABAY & WL
So] 945t 9AR 18229} 22/18°C M2 Pl el BT 247 17919} 199 EtTHFig. 4B). ABAT F Befuicol
WL GARE AYOR, 22118°C HToNA TR} o 24 F7hE AL AT 4 YUch(Fig. 4D).
£ 0] B9, L 990 Slo] 38 BAEdon, H8S 45 AL WS Aol AL0M e B3}
A 2, B AS 5ol 2 4 9tk QuHACR LAk F7F 2Ev} oteE R Eor] AR o]t LEvs
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Fig. 4. The total phenolic and flavonoid concentrations per dry weight (A, C) and total phenolic and flavonoid contents per plant (B,
D) of C. setidens (Dunn) Nakai as grown under various DIF for 40 days after transplanting.

Vertical bars indicate standard errors of the means (n=6). Within-graph means followed by the same letter are not significantly dif-
ferent by Duncan’s multiple range test at p<0.05.
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S 2UACH29] Niu et al30]9] AT} Tol, 7okt 2 A WAL AT B3t A
= g0l ¥F2 F= Ao r wEnh +DIF A2l 22/18°CH 24/16°C A 2|4 24 0] F71stal, W20l Hast
A2 [3119] +DIFE S1E9] Aol f¥ il £7]7} gfobxl A3k} AR E3E, [32]9] oq:rloﬂ/ﬂl:-— +DIF Z2]of|A ZetA]
He)9] Ago] JAIES RastAL, & AFoME AHJH A AsHE F5} S/RES HLPS W +DIF A 2|59l 22/183F
24/16°C A 2|FLollA A|5HE Aol JAIHS SRl o] AFFollA F4 2]+ (0DIF) H]EH DIFY 45 2% s A2
A 8 (Ocimum basilicum L.)T} 9 (Melissa officinalis L) ¥ Hl& gy A} &Aool A4S FEFFHOH(33], 2
A5 ol Aukel X5kt oFA| T Fill(Adenophora triphylla (Thunb.) A. DC.) 29| & H&3} SetH 0|t &=F2 DIF A&
FolA S7HEATH34). ol= 2o it &= 7o W Alolz BAEY, v YAF e 2= et olsirt F=51
271409l d7} WQd How yzET)
olgel ABRE FUNW UFF o189 NEFo] TAAAAL ALY AAHE F7F 22°C, o 1902 BT
o] %3} % Tt} Sepuwo|s G AREY A0z WeHt B, B AT F-okt L% Aol B2 1Y
9] Bk85 FHsto] AFF o83 AETAONA LHIAAE Alist= © 712A ARE AFckAoH, olF &5t
I1HAAETY A A5 9 Y A5F o8 AETH Al 71E Gl 71T 5 US AR 7|tk
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