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Abstract. The objective of this study was to determine the proper night interruption of photoperiods and dark periods
for accumulating bioactive compounds of Agastache rugosa without decreasing plant growth. Five-week-old seedlings
were transplanted in a DFT system with white LEDs. 4. rugosa was treated with night interruption time treatments of
18:1:2:3, 18:2:2:2, 18:3:2:1 (light:dark:light:dark), and 20:4 (control) for 4 weeks. There were no significant
differences except for leaf length, leaf width, and the number of flowers. The content of antioxidants in the shoot of 4.
rugosa was high in tilianin and acacetin, and the content of rosmarinic acid (RA) was significantly higher in the
underground part. The RA content per dry weight of 4. rugosa was 47.92 and 51.46% higher than that of the control
in 18:1:2:3 and 18:2:2:2, and tilianin and acactin per dry weight were significantly higher in 18:3:2:1. There was no
significant difference in growth due to the same day light integral, but 18:2:2:2 showed high total polyphenol contents.
Therefore, it is thought that the effect of increasing secondary metabolites of 4. rugosa without degradation of growth
can be expected through night interruption treatment in plant factory cultivation systems using artificial light.
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vl| 238K Agastache rugosa Kuntze)S FA R Z 220 =
St FrE o 517] flel AN = EEe] s Ho|th
(Do 5, 2020). HjZ3FE of|dlAd @ Y, rosmarinic acid(RA),

tilianin, acacetinT} -2 Z2|vis, Egjg|23 59| o]z}

APAFES 8451 GlEKHan 5, 1987; Kim 5, 2018). 902
RO AGSAL Hel A SRR AT 4= glow, 9l

oA 7154 BAS FE3t0] AE, QoRE, sHE 5o R
AME31aL QIEhKim 5, 2018). 2%, A} L& 9 o)7}215)
Soll gdet avprt Qlow, a4, Faf, e Aol At
Qltkar & A] Itk Shin, 2004; Wang 5, 2009; Zielinska 1}
Matkowski, 2014; Lam 5, 2019). 2|52 A7 7]%54 A% 2
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ShE Akl o] Aol whet uj 23ke] AR 7} S| F7kskaL
UAAIRE, X[ of| A ZHul S vl 2k AlE) 27 o w
o} A akeo] AR L AlE At o] R & ARESh=H] ol
o] qirk 53] w2 aF 2| LA E T - A5 23] 4
slo]| 7hEsifarl HarE| gl ot 4= F7tof| whE Al A vl &
&Fo] =8 =4 I 97} It Rao 2} Ravishankar, 2002).

Al A A O] TS S5 4= Sl AEiAI A E
© 2, HajE1 Sl A A e FrAlste] A=) A4t
A A AAE =Y 5 = Aol ok MRS AlE37d
A At off 278 Aol & F5to] oA Q1 AY4te] 7hsstH,
g AloE S oA AR SHEE ST S gleu s
OloF A B A AT F A2 A 4= s B2 A
Hj7|& o] 23}t Kozai, 2018; Kim 5, 2020). 33} 25,
Fi, S 5 A= A o] pthA ROl Rk Tl
= thokst 314 @ Q10] QI Kim ¥} Lieth, 2003; An 5, 2017;
Jung -5, 2017; Oh 5, 2017). A=0] Aol dFe +=3
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A QAR = T, A, 717 Sl 15 371 4
=0 7lstel A, FE @/ E oA E ol Yk
uA Z03E 8ol o] AL v Fashct
(Sugumaran 5, 2013; Cha 5-2014; Sul 5, 2022). A1 &of 5
0%l o] AR o Ao X 4 A1E(long day plant,
LDP)2] 7§37} %18y =1, Rich = ZropA|H ©hdA)=(short
day plant, SDP)2] 7]|sl7} ZZ =lcl(Thomas2} Vince-Prue,
1997; RunkleZ+Heins, 2006). A2l 2] 2] Wpslojiz 7|7} 22
S Ao A0 -8 ALK 7] A1 (day extension),
7] Sxel HE Fdte] A5 A71E E= oFk(night
interruption) % 2]7} YtHKim 5, 2015a). ofubA] 8= A&
O A 21& FEAIA ST AHIT R, A, Al
= 185 AUAE O ANt SX1 T A Soll a7t lsle
o, @olol|x ofupA g A| BRI FTHA TS FAE
SRR FH T Trouwborst 5, 2010; Park 5, 2013; Kwon 5,
2013; Kim 5, 2015b).

ofmtA]e)2 o]t A1) 5w ALS 2ol T I E
o] =5 o|Fq oL} ofubA o] whE oAb ARHE 2] FAtell
TR At Kol ER] odeh ofubA 2]z A=) TS 9 s
ZAlo] ol & gtk A2 2t 7| 3hd o | oA RS ARl
of| FES & = Urh= AL Qnlgict uhahA], & As A=

&

A= wgol| x| = S olalislr] HshiAl a8 Ak
VR

1. A2 Mz 2 HE

vl 23F x| Danong Co., Ltd., Korea) 240 H-2- 240+ &
H v} X|(Kiemplug standard tray, Grodan, Denmark)of <5
ST g & 25 22 £ 2°C, A5 70 + 5% 2] 271 0f4
L5 olg3slo] 7] 2041%%, F=(PPFD) 180 + 5p
mol-m™s™ 27 ool A 557+ Ajuls et w25 5wl
%23 HE-SEC 1.2dS'm™ 9] ZZWE=(Hoagland) B oFoo])
i 187 AR FTE 20 E A2 FeEDTA(4.898
g-L™"), Ca(NOs),-4H,0(191.880g-L™"), KNO3(61.310g-L™)
£ ARg3le] 2AIEIAL BufjoFel-e H;BOs(0.603gL™),
MnSO,-5H,0(0.435g-L™"), ZnSO,-7TH,0(0.044g-L™"), CuSO,
-5H,0(0.010g-L™"), Na,MoO4-2H,0(0.004g-L™"), KNO;
(61.310g-L™"), MgS0,-7H,0(100.610g-L™"), NHH,PO,
(23.470g' L& ZABIATE 2 4ufl7} A== 55310
7+ A 854 wilAl LED(LED bar 40cm cool white,
10,000K, LG Innotek, Korea)S A8-5}0] semi-DFT(Gafatec
Co., Ltd., Korea) A|2Hlof| A5} AR & 2wl Ln
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= SR FUsHA st9lon, Folg e wiekH EC
2.0dS'm™', pH 6.5 2 2 A5} ZFalct. vl zgke] AAF 2l
st B2 o] Wsto] gt ofubA g ks dotkr] s
B e o]0l 4] 3% 200pumol - m™*s™ R0 2 2447k =
712 18:1:2:3, 18:2:2:2, 18:3:2:1(F7]:&47]: W 7]: 7)) v]-&
2 06:005E ARSI O 2= 20:4(H7): 47 )& 5F
ot S wFAS ARgSte] FA)7)17E FREEC 1.8 +
0.2dS'm™, pH 6.5 + 0.3 2.2 3-x|3}5r}.

A4 45 RS Solelglon] AAE 24, 94,
U AeH] S TR Y oZ2]HSD500-300PRO,
Shin Con Co., Ltd., Korea) & o|-&35}o] =435}4 11, slo}<]
Mg AR Agld 454 Sk vlahydos
v w5l ¢Jske] SPAD-502(Minolta Camera Co., Ltd.,
Japan)< ©]-8510] SPAD 7h& S45Hich AR ABAIE,
B A A F-2 AAFAZ(MW-2N, CAS Co., Ltd., Korea)
2 o)gste] Zgaloit AL S5 9190 Helel 4
AFRO} AJS}EE 717 Al REAE B Yol 70°C R 414
3t AZ7|(HB-501M, Hanbaek Scientific Technology Co.,
Ltd., Korea)of| 15247 A RAIX] & 5 U ARPAS R vl 23F

of ApgRSL ABHR 2B A

3. 48 B4
Hl| Z=3F9] rosmarinic acid(RA), tilianin, acacetin $&F &

AL Q3 ZFzE &£, 9], =7, BE|E o] Al EEAL BE

o 31 —70°C ZA2 Y51l 1 AR BsIglk o5 54

71Z7)(TFD5503, lishin BioBase, Korea) & o]-85}o] 4%

Zol obA3| ARAIZT, HH5] ARE wizeke Gt} o
o

B olgste] Bdsketolnt wizgF B 0.1gS 2mg9)
80% MeOHo|| gL 1 AJ7t-5¢F Z25akx] 2](sonication) & 4
A 35 9141 E)(12,000rpm, 10min, 4°C) o] A5
=313tk A5 U2 0.45um PTFE syringe filter 2 o{1}3} T
2 HPLC-& vialo]] @0} HPLC(1260 Infinity, Agilent Tech-
nologies, Santa Clara, CA, USA)2 ARg-5to] EA3513 )

4B B4 7k Xl P 3HIE 0 = UAISIgle FAA
2 SPSS(Version 22.0.0.1, SPSS Inc., IL, USA) T2 73S
og3to] A2l 70| 4 HFL S1o) Tukey©] 54
S AFESIATHp < 0.05).
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Ao 2 ;nE FUREDLI 27o|A = A Aol Y mRA] ¢
QFtiDou 5, 2018; Miyazawa 5, 2008). & Ao A=
1. ofmtx2|of [ ME 2A AFsHA DLIZ} 14.4 mol-m™-day ™' 2 55}9]7] wj5of] mE
1t ofmbA|Elof| whE wizsF S 24 Al g Aol A AAE sl 724 Zpo|7F JIAATL, oF
18:2:2:29}18:3:2:1 A ]| A S-2]5H| &L, Had4ro 227} a2 ake] o] el a At AElE 211X 7= Ak
?JP“‘ Fel18:3:2:1 fﬂﬂ?hﬂ%x of| 1] 3l 8.82% 4 = LERH AT
FoAtHTable 1). ¥ 18:1:2:3 A 2|qto|A 71 AL,

H

Ol

18:3:2:1 A g]tH} 9.52% F71skch 24, | L% 2. 7|24 RA, tilianin, acacetin &2
SPAD, A|/JHef A|sHt A, dag2 o4 AfolE Hl|23F 220] k9] RS RA 2 18:1:2:37} =
o 2] gkSkth M= ofubA 2ol A] tj o] v]sh QOV} 5 9 o2 Ao} Bl glS o {94 02 W GhS e
7V 7% HLSlaL, 18:1:2:3, 18:2:2:2, 18:3:2:1 A 2|+L2] 90 18:1:2:3 A2 F2=20:4, 18:2:2:2, 18:3:2:1 LA 2 H|
slof 7} 2t 2171 16.95, 15.25, 22.03% 571813 wale uf) 27.9%, 26.4%, 20.9% 2 22 = 1 ATk Table

-

t}. o]k Ak T AP vk FUEollA A 2). & AE=tilianinY} acacetin TS A HA| 7] o] &
A0 5 Zgto| w2 A 2 Y= Arh= ARt AR 7] AlRto] 7‘01;“4“& oA e ® A Uehtar 18:3:2:1
£ & = QS Hwang 5, 2022). vjZ3Fe] 43 5% ol A 7} =2 Bleke B i)

A5 7171 AojAs5 vlgsto] Sk A3 Bk Z7) Asx EPRA‘— 20:49}18:3:2:10]|A4] S-0]% 0 = =0

2o HEo|| 4351 v A gEK(day light integral,
DLI)o| F7Fe5 333/dol| o3t Fgol S7H= A,

71 o skeke 714 18:1:2:3 5.0 20:4 A 2]7141.39%
-2 51ekS. W Yit) Tilianin} acacetin 20:4 =] g]Lof| A

jﬂ

F1

I

K

Table 1. Plant growth parameters of A. rugosa grown at four night interruption time (NIT) treatments (20:4, 18:1:2:3, 18:2:2:2, 18:3:2:1) at 28 days
after transplanting.

NIT Leaf length Leaf width Number of Flower Stem  Root length SPAD SFW RFW SDW RDW
(cm) (cm) leaves buds length (cm) (cm) (g/plant)  (g/plant) (g/plant) (g/plant)
Control (20:4) 74 & 6.6 ab 492 590 40.6 574 59.1 15.9 6.2 2.1 0.5
18:1:2:3 7.2 ab 69 a 455 69 a 383 50.1 584 16.0 5.8 24 0.5
18:2:2:2 65 b 64 b 56.0 6.8 a 37.7 53.6 57.5 15.1 59 24 0.4
18:3:2:1 6.8 b 63 b 52.8 72 a 39.2 54.7 60.2 16.0 6.1 25 0.5
Significance” * * NS * NS NS NS NS NS NS NS

“Mean separation within column’s by Tukey’s multiple range test.
*Significant at *p < 0.05, NS: Not significant. Data are the mean of ten measurements (n= 10).
NIT: night interruption time, SFW: shoot fresh weight, RFW: root fresh weight, SDW: shoot dry weight, RDW: root dry weight.

Table 2. Rosmarinic acid (RA), tilianin, and acacetin concetration (mg-g" DW) in flowers, stems, leaves, and roots of A. rugosa subjected to night
interruption time (NIT) treatments.

NIT RA (mg-g'DW) Tilianin (mg'g'DW) Acacetin (mg'g'DW)
Flowers Stems Leaves  Roots Flowers Stems Leaves Roots Flowers Stems Leaves  Roots
Contorl(20:4) 331 a° 345a 244c¢ 1678 d 354b 053a 275b 006d 137¢ 093a 159c¢ 001d
18:1:2:3 258b 244c¢ 159d 31.80a 3286b 0.12c¢c 273b 023 a 192b 023c¢ 170b 0.08 a
18:2:2:2 3262 265b 347b 2994 b 417a 026b 270b 017D 197b 045b 120d 005D
18:3:2:1 313 a 338a 59%a 1952¢ 429a 027b 313a 009c 214a 047b 176a 0.03c
Slgnlﬁcancey * * * * * * * * * * * *

“Mean separation within column’s by Tukey’s multiple range test.
YSignificant at *p < 0.05, NS: Not significant. Data are the means of three measurements (n=3).
NIT: night interruption time.
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7V =8 skake B itk RA @Hilianin, acacetin A 7FA] &
204 AP 0 TR ek, ORI 219
717} o2 vlelstol Bl 71tk

=T Qo] AEFTE RA A2 20:4 A 2|42 AlefstaL

ofa}Alz] % 3 717} Lol fro ez wolpch 7t
=2 A5 UER 18:3:2:1 A 7)) QI RA Jhgo] tfx
I 7R e kS Hol 18:1:2:3HT) 143.44%,
273.58% t] =)t} o] AEZ HHilianin 2 18:3:2:1
AT o 2T 9 18:1:2:3, 18:2:2:2 X 2] 712} v 348 uj]
Z¥2113.8%, 14.7%, 15.9% 6] 5214 0 7 %9k}, 74%%—14
acacetin AJH 8 18:3:2:1 A TLoflA] {ojHog =2
25 R 211 18:2:2:2 &4 71 e A B 5l

Rl

welo] AEFTRA Y 18123 AT 14 e
Skem ofa} ol Q17| Al710] Z71ato] et 27kl 2

S UERSIch 718 e ghe 10l oz Te] ]3] 18:1:2:3
2] 2] 79 RA 81fo] 89.3% 7} =9kou, ofkulxg]7} Ha] o]
RA % 5710] 3449 £ bl 2o ghkicy

ALt tilianin 2] 312 RA &} -S-AFSHA| 18:1:2:371 9-2]
o2 w0 S Lol A 7] o] 97171 Zold
2 Gleko] Zo]E9ith AESEYracacetin= 18:1:2:3 A8
Troll A 7P =2 S ES0 tilianindh F A H kS
Ureheic.

A E-9] o Zfrh Ak kg Ad w4 At HEF S tilianin 2}
acacetin $FgF2 Z7]0f| A 714 4 o I 3lAof W oSk
%‘”bgﬂr O‘OﬂH s R A n%i‘“/“‘g Rt Z2H|

50| &3F= tilianinT} acacetine ¥4 Y2 (phenyl-
alamne) of| A -5l o|d 3 2 3} 0] =(phenylpropanoid)
eYE Sk 23 9 Pl ol ke s AR Bl
Q1 CHS(chalcone synthase)@} CHI(chalcone isomerase)”}

ﬂIOF

50 10
[ Rosmarinic acid
z =i Al =
- =TT a a A L8 =
E C B £
=1 [=11] == D b E
=2 \% 30 F6 @
= = 2
=] =}
= ) 20 4 4 [¥]
: L £
= =
~ g 10 2 =
g =
8 =
0 0

20400 18123 18:222 18:321
Night interruption time

°
‘E]."ﬂ

Acacetin

(mg/g DW)

=
254

tilianin, acacetin &] AJARS G5}l 0|5 Z7| ol B 2 HE]

G55 o] 23} Qlof|A] AR E]7] wiizof] tilianin}t acacetin
k2 23t 9l ol A = A YrEbgtth(Dixon -5, 2002; Tuan 5,
2012; Yadav 5, 2020).

“12] 5 e k) FRA TES A4 7| gk
Stck RAS] AJgk4 gl o dz e ahio] = 7o} ez
Al G- I=(tyrosine-derived) F =& H5F E3I3IT] vl 28fo]
3 2B LS ) ER Be o] E]2Al fmo] Lol 7
A AAA7) =& WS Ho|w 4-coumaroyl-CoA 2}
4-hydroxyphenyl-lactic acid& AJAJ3HA| =i, F EA =2
ZutH Ak 34 § Ax(rosmarinic acid synthase)of 2|5l RA7}
M ] o] R[]0 A tH(Petersen, 1997; Kwon 5, 2021).

2 3k0] & 71 2T RASIEES 18:1:2:37} 18:2:2:20]14]
2T 47.92, 51.46% =9FT, AEZET) tilianind}
acactinZ 18:3:2:19]|4 §oj& o2 =A YeldthFig. 1).
Zﬂ%?” EjuE Aol A= 18:2:22:200 4 7 =23

sk wlzae] A} g S o] ehs SRS
HH P B oA RS o], P17 o
E4E 2o 3RAgH oS TR E](Yeo 5,2021). 7j|®
o7 91 Bk Alefol ] 4412k oFable) A, At
23} 3jo} A7 Z71EI 91T Hong 5, 2014). 2 Ao A=
2017 A& ® F= AR I8AITRS 230 1 Sfols
7hHrolA o & FtsklaL 7)) 7lsio] wh=A| X% G117 of
wol, vz Eejus 2l 2 S s
Ao 2 motEch

-n—lig_ -?rx] 31 o= glefo) 57}$P\:](Engelsma 1979) =
717} 7kl et 5 s Bk o)) Aol
A o] s, 717 EeH Himol 2eE 7] A =

6 60
[ Acacetin

§ [ Polyphenal A B g
2 54 B = A
o0 a C 50
~ ~
B 4 b b L4035 S8
£ D £ £ B
S’ ; R

L =
e Veg
p=} — E

=]
£» 0a B
= =
] g
b 1 - 10 2
5] 5
(] L]
0 0

204:0:0 18123 18:222 18:321
Night interruption time

Fig. 1. Rosmarinic acid, tilianin (A), acacetin, and pholyphenol (B) concentration of A. rugosa at different night interruption time treatments
(20:4:0:0, 18:1:2:3, 18:2:2:2, 18:3:2:1). The data show the means and the vertical bars show the standard error (n = 3). Different letters show
significant differences among night interruption time treatments (Tukey’s test, p < 0.05).
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oFuk(night interruption) | 2|0l oJ5t HjzgFe] FAtet 24

A jo] Hmeiao] S71Rtti(Engelsma, 1978). 3 A g ol A]
ofrfA| 2l & S W ST T2 FHO= Q3| A Aol
£ HOJA| QAR 18:2:2:2 9] opurpx| 2] 7} & E2vll= T
of &7 UreRath. wheh 15-dS o83t v 23 AfuiAl 2~
gofl A oA 2|5 Foto] A5 A5t glo] vl xgre] Fatst
=40 T s VU e 5= = A2 Al

M9

H ALE AlE 3o A vl =3 Agastache rugosa Kuntze)
A AL, oA Lol whE A8} wATsE B Bl ]2
eyl tielo] Atwl 114 S} oA, 29 4vf el vz ap R
S WA LEDs & o83t 7 Auf) Al2dlof] A 418}t ofst
#g] EIME otolr 7] 23] 06 A1 5-E] L= 200pumol - m™>-s™!
ZA0 2 A7 24 A7)0l A 18:1:2:3, 18:2:2:2, 18:3:2:1
(F71:971:871:917)) vl Agsielon tix= 20:4
(717N = AAgste] 427 Aulist et 7 %, Sfot
5 Alelstale o)A Kol 7t TSR] bk w2 A
AFR-o] gPAsHE A Sl tilianin T acacetin ©] k4L, Z|3}
Fof| A= rosmarinic acid(RA)2Q] $tFo] G251 =St
HjZ23ko] AESF RATEFS 18:1:2:31}18:2:2:200| 4] T =
JHT47.92, 51.46% =9k11, A5 tilianinY} acactinS
18:3:2:1004 o0 2 Y7l etk kA el S ol e
o} EUeE 2] FFO = Qlof] B ZpolE HolX] kAL
18:2:2:2 0 oA 2] 7} & &z ol A Vet o
2hA] QlE=ge o] -85t ulj 3k Aful) Al 2ol A ok A 2] 5 5
Sto] A5 A5} glo] vl xgke] ket =4 S & ks 7
P & Ao = AR ECE

ok

27hFAo}: 2kl 4k vh2aE oA, of, Yejobd
A A}

B AR FYFIER] AU R SAULE/1E7]
51771912 5 40714 2 AfoHe S 71 SRR o] e
[e]
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