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Abstract

This study was conducted to determine the crop characteristics such as morphological characteristics,
seed germination, planting density, harvest time and flavonoid contents in the medicinal plant
mugwort (Artemisia argyi) in order to develop this plant as a valuable new cash crop. We investigated
the morphological parameters of A. argyi in early August, including whole plant, leaf, trichome,
root, inflorescence and capitulum morphology. Achene-type seeds without hairs formed in early
August. The seeds germinated at the highest rate (52.7%) at 15°C compared to other temperatures.
Stem diameter, leaf dry weight, root length and root diameter were higher under a low planting
density (30 x 30 cm) compared to other treatments in September. However, the harvested aerial
parts had higher yields (1,318 and 1,253kg/10a DW) from plants grown at planting densities of 30
x 10 cm and 30 x 20 cm compared to 30 x 30 cm (1,097 kg/10a DW). The yields of aerial parts
significantly increased until August. Apigenin, eupatilin and jaceosidin concentrations were higher
in mugwort harvested in September vs. August. Apigenin was detected in underground part
(rhizome and root) whereas eupatilin and jaceosidin were only detected in stems and leaves. These
results should be valuable for designing cultivation and harvesting methods for 4. argyi.
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Q0 SO o] o2 TRl 7] T2 S (RS B AGRIE, A1), el R
0] o] gliz A0 el shont, %] Wl off B, AAHIEEE, TSR T, Edok
M), HES(SE L), SFE(T ), F7H=w( BIENIE) Sl o8] $irhJung and Sin, 1990). Ftoll=72] % A=) Al
A9, A EE=Ao]| digh A4 o] 2 31H HE Q1O H(Jung et al., 2000; Jung and Park, 2002), 71715 2| B840 &4 A4S 571 7H
HS E_J—L}(Choi etal., 2005), EHA] xﬂ ;,I_Q,] g}/ﬂ /\]-_/]\_i Z:}-_/l\__g_ Eo]— Eu]ﬂ/\/d J,]-;G oﬂ _/xl- 9,]-3]- uH7H ﬂ-HH 1 A /g Xl(Park,
2009), 32E20] AZF T Zhang et al., 2012) 5] Gis0] FHA.0 = I=H|elc,

elpe] QoA L2l Yo 3 Behico] =i A} 250 Fold AR i 9o, <, JEE 5 rR
AEZHA 7152 7111 ItkKim et al., 2012). 1 5 th 34191 E2hH 1 0] =4= apigenin, eupafolin, eupatilin, jaceosidin 5
© 2 o7 9] © H(Bang et al., 2005; Ryu, 2008a), £35] eupatilin-2 S 71k that 73at S A28 2 obA| L o] A7 o34 F}
2 ololo] AAE Alopdre] =9 g 2 o851 Qlth(Jang et al., 2003; Kim et al., 2004; Lee et al., 2005; Min et al., 2009;
Oh et al., 1997; Ryu et al., 2005; Yoon et al., 2011).

T S TR 4 RS 7ol wie Fef Mol harelol £2 540k BRohe  Be olelg 2 7]
190} olefgh Bz Q19 I SRelAH T 9 Rl RS T8 Rl E A 9l 71249 @t

AlgtEo] ik §H £ S-S ZFEStel] 91t 7124 At &0 A, AP E AL 547 52 o JE(Ryu
and Hwang, 1996), 2+ =] 21 2] AB-2-EA] B¥(You et al., 2005), 7154:0) 2HE5HA EA(Lee et al., 2010), 7]5259] 4=
x| 710f k2 artemisinin $FF HO](Lee et al., 2013), 440 AiEA 7 ZetH o] & T Kim et al., 2013) 5of T§H A
:rL7]. By H} o] z]u]— g]-aH oﬂ EH?]’ /\1%01;6 o= xl-Eol-ﬂ oq:rL# 1- M;Go]q-

U%EW 2 A=A -8 RS Eolol 877 e 5H=1—4 SR, FAPToF ST A ol whE
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Fig. 1. Morphological characteristics of Artemisia argy: Specimen (A), leaf (B), stem (C), rhizome and root (D), inflorescence
(E), capitulum (F), and seed (G).
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AEEAO- of5lo] 3w 2Hplo] YHE MPEE O 2 A5 2ok E 2 Korea Medicinal Resources Herbarium)
of| g5E 2 0 2 HSITH Voucher number: MPS0003331)(Fig. 1A).

el S
91 el A 59 2R Gl 1074 3580 2 ZASk 0, 9lo] el B I A 98, BB U A
[e]
=

S H Y o= 1 A(Mitutoyo, Absolute 500, Kawasaki, Japan) & 0]-8-510] 74515t 31719] T71= 8 Y Aol Ao|o} Z
= =z EJ FOI2 2084 36HE © 2 AA5te] AA|H | Z(Olympus SZ61, Olympus Co., Tokyo, Japan)© 2
B 2T, HUFS 21710 T4 100021 A 1095 0.2 T BRES 48T

E
ool AT FAH A 10-11 90 AFa1o] 420] BTE 541 Al o1 gatod Walzel LA gk
FU 219} AlElo] T2 AS AHele] ALgEIE, AEE FAE HEIA] G4TFAWhatman Qulitative Filer
Papers)E 211 $552 A58 T XA619.0 1, ZHF 15°C, 20°C, 25°C2} 30°CE AAoto] /9 Z2710] 16/8A17 0.2 7
] =)= =21l %F7](Multi-Room Incubator, Wisecube, Wonju, Korea) ol A BotE F s 3iT) dok= A Q1 foket
o] Imm oP FIg E Y2 A2 Hopd 707 7Hsle] Hol&(germination rate, GR), Hardol4Q Y4 (mean
germination time, MGT)%} X% @ol-go]| Tt 50% Totof] A8 Eli= A4x(Tso) S Th Alof| 2J8fe] AFE381ItHScott et al.,
1984; Coolbear et al., 1984).

s

Ti: T F 374 Ni: i of] Wobe ko] 45 N: ol
Tso=Ti+ [(N+1)/2-Ni] / (N, - No) % (Tj - Ty)
(N <N+ /2<N)
N: 25 o} AL |717k2] drobel ) F214 Ni: Noj| thet 50% 2272 wobel £k 4=0] A, Nj: Nofl tig50% 2

_%'_
of ol £414:0] G, T Ny A7) 45 ol R, Tie Ny A7 298] Wbzt
HAUER} 2317 |0f| W2 242 54
A5 EAZ 20008 39 AR LAl 1HESIo] Gl AoA] §20] A4S SEEHT, 5 1020] 3 Lo =2y}
A QSRR GO HASHAT AT 2,000kg/10a HH1S 1 7102 AL 88 ThS 52 A5 PR
w55}k, AU T2 AL EA ZALS Sloke] 90cm S50 27-2 30cmE TAHGHE, F14E 10,20, 30em 7 02
ARSI ALSEA ZAR Ao] AR E A179] 99o] %S 4-8t5t] AAISIALE. 48170 T2 A EA FAK
22F30emSF7F 10em 71,02 A F, 795 H 109744 1 10206} 122 4-tsto] AJslgieh. A@ T gz
3G WIS om, LR BEILE 223 0 2 Sasllrh ASEAS 24, 47, A%, 24, 7 U 4 24}
Sk 474 24K A2 7ot MR 1m'E 45tte] 1005 SEo R gHtel

SoHEL0[E 24

FEA) 7o) whE AR ] AfolE dotE 7] 916e] 2009\ 6 HF-E] 109714] 171 7HA 0 2 - 53] =&}t 2ol
(Aol&7] 4 #a)) 719t do g Este] 1% 9 24E 7171 A= 10gS methanol(MeOH) 2 2019 tt. Aolfl 25
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Fig. 2. HPLC chromatograms of flavonoids in Artermisia argyi : Three flavonoid standards (A), leaves (B), rhizome and root
(O); Peak no. 1, apigenin (retention time: 10.8 min); 2, jaceosidin (11.8); 3, eupatilin (15.6).

(10mg)°fl ImL MeOHE- 57 F5}o] 5487+ 253t 35 2, AH28(3,000rpm, 4°C, Sminutes)S-F5H] AJ A7 A2 of 7t
sto] EAof] ARSIt} St ko] 242 y-Bondapak TM C18(10pm, 3.9x300mm, Waters, MA, USA)S 2t
Agilent 1100 series HPLC system(Agilent Technologies, CA, USA)YS AF&5}15ct. A% w2 354nm, G3-S ImL-min’,
2] Q8 2= 30°CR A6t Alas AFSA =T 4715 AR5 20uL Y5 o532 81 A[Water:H,PO,
=99.6:0.4, (v/v)]2} -2} B(acetonitrile)E ARSI} &0l FHIZA-E BE 30%2 A 25 308714] 70%E 57 AL,
40E7H] 70%C1A4 100%2 F7HAFHCH, SORZEA] 100%04 30%2 Ha & SEZE Ak BEE]l
apigenin(Sigma-Aldrich, St. Louis, MO, USA), eupatilin} jaceosidin(Chengdu Biopurify Phytochemicals Ltd., Sichuan,
China)-& MeOH=Z 3]415}9] 50, 100, 200, 2507} 500ug-mL" 9] HEFGH-S ZA|5F 1 AEFA-S 251tk Fig. 2). ZF A=
oYl 245 HPLC peak H2-S =4 87 W2l v dsto] ZFd=2] Spg mL ) Bhatel om, 83 Alitsto] 4
2F5}(mg/100g of methanolic extracts)SFATY.

SAAE

sttt A2 75914 42 Duncan's multiple range test(DMRT, p < 0.05)2 A A5}t
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o] 2, 9 271, AokE, 34 % FA] FehA S4Bk Fig. 1A-G)
Uleal) & LYGT AP PR, PGS FF 0 /0] GHOE Zebd 1 %ol A=l
2 Ug.0a 5740] G0 2 27 grebx|o At 2ol AS ek, Se] B
o] T Hmsle] The 44 A2t pEselon ddo] WAeke S-S BYich 9e SAIs 28] S0 R dHe] 2

1A%
ol
ot
s
= O?:i
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Table 1. Plant characteristics of Artemisia argyr

Characters Contents Average = S.D.
Lower leaf Length (cm) 8.32+0.49
Width (cm) 7.93+£0.59
Petiole length (cm) 291+0.31
Number (ea) 54.64£5.11
Capitulum Length (mm) 5.30+0.27
Width (mm) 2.31£0.12
Seed Length (mm) 1.21+0.19
Width (mm) 0.49+0.01
Weight of 1,000 seeds (g) 0.07+0.00

E7|(stem)y= 2] 0.8 A Aeh= A g0 e 2ol dojilof whetuit] 7HA o] wojAl= Zo] P E Itk E7]1 %
Hof| WA o] w0 ZSHA| FESHH, T2 FkLo] SHIRIN S = HiZ|Eof Q3L

A5 (underground part)+= A EHE w2t 44 0 2 I Esk= Z7|[Z]51, stoloniferous rhizome type] 7} Eo1.0H,
A2 arejAtelofA] seo] B 5 o] ZF AlEAl= dEste] GYHA] 2o o] gl = gt

SA(inflorescence)= otfiol A 912 Fal] Hetsl= FetetA o], Aopgo] of2] A& Zdebi HAd o B oE 1
ol == H52t41 2] el E et F215(capitulum shape)2 BFEP 0 =, F3E=28~4d= v Gol3irt. T ﬂﬂ%
Rope R W02 Ho| Mg MTIR0 2 BT, HS HEIIR0 2 FL 1 Ropel shgo] ekl By
(EEM)°I

v g s 3 3G e 2 78530 1,5k 1 Sl i o

= sl & a}t %%4 &0 olﬂﬂ EAltE Fdetgon, Z}H*" 4 oéORiE} FEZ kol 5o %@% ol%
FAARLA R 2 &) 22 S WIS ol T,
g 5H(capitulumys 8EHE 109712] ZHSt=]s, Bt Zo] 5.3mme} 2 23mmE PEFH ) el Eo gl 47t
(achene) 24 QF2 7Hu]- S A 7{sP 24 © = BRI ] FARE A & AT TAH9] it Aol 1.21mm, -2 0.49mm,
23 -T2 0.07g 22 S,
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S &ot £

2EF70E15,20,259130°C2 D)o}l o) Wol&-2 242} 52.7%, 18.7%, 18.0% 2 16.0%2 2= 7}Hgo 45 o
o] oAt Table 2). 'Hoh I 15°ColA BatHota @ U= 6.9U = LeF oH, 20, 259 30°Col M= 27} 4.6%, 2.8%9
T2.4L0]90tt. 20°C o o] ok kol A= B[ o] o P ARYE| 3L TR E et AF & AP 71351t et e}
7F ol FoiA|A] Ft JHiZ 2ol eEd A FE e A4 SR oS 2 B¢ AoH, HiAE (dmbrosia
artemisiifolia L.) T 7]:20] /g5 e 6 Holle 220 00M & ol o] Fo2]2] ¢b= A3 HAare HE Qlek(Baskin and
Baskin, 1980). 0]} 22 frARRt Az, 2AZ2 M e EoF ol -FUE MEoRE(Poa annua L.) $412] 734 A& &2 7}
S AR FFA7IE ARHEA BRI 8 7o) S TE= Eitel| o A0 2 Helrk(Kim et al., 2001). A2 A2l 42
o] Y= 71 e kA VY ATHKim et al., 1987), & A= AHE 52 Haket FAE ARSBIHOH, o]
2 QI Hytvpgoll A Friepmet a2 St o Foj 2] et Adeoll A Al2ef| kg =] of 'okao] Aok Ao wekErt.

tho

Table 2. Effects of germination temperature on germination indices in Artemisia argyr

o Germinability”

it t °

emperatute (°C) GR (%) MGT (day) Tso(day)
15 52.7 6.9 6.5
2 18.7 46 4.5
2s 18 2.8 23
30 16 2.4 3.3

F-value 33.6 26.7 23.1

“GR: germination rate; MGT: mean germination time; Tso: 50% germination of final germination.

op 1 15°CoA 12200l H0H, 15°COAE tha S8 MOIALE HEAIRH A7 0.2 Mol T 5 Hef ol
o Et}. TAPH o= /4] Ao, A A e, 25, i, AtA B B4 Fo| e 21T 2 ASTAIE 7 o] F
S ol ol 7 2GS FE 091 F ol thHwang etal, 2012), F49] ol Lo} Beisto] Ll
73(Pollia japonica Thunb.) 9] FAZ o} A| Hofgo] EA ol A YASHA A= 1L o] HIE Ko FA oA A=
Zlo] B1E v} QIth(Ro et al., 2008). <5 A5 71 EL7} 1H450] 27 WO = Z17F 15-20°C92420-25°C 2 ©] HEjof|A
90% oA} Hiolst 21 © 2 ’ 715 QIth(Kim et al., 2013; Lee et al., 2013). & A Aue} v wslo] 2 ufj, 3o 7529
R STl o A 27190 15°C7} RTERE A0 2 Lelfeh, B 15°C 22 sl Mobgo] 0% B0 2 A}
& Artemisia annua L. )T A Artemisia montana (Nakai) Pamp.)o]] H|5}o] 22§t 7] 0 2 Lebytct. uhehba] afies £419]
ol 47 S8 Tefe ] B 71 20] 1°CE A5ep] Hel 48 B0l kAo mE e Aol ZH RS 59 4 9)

< 202 yoEd:

ool 2L 135~ 147em] 92 ZASIO P, ThE A7k A Ao T2 23] 21591 Holi= ot 3
GF, T, DAL BAMG £HUSE BAHOR ool Z7FEI Table 3). A1) LSS 30<20ems}
30<30cm e FAH T TS FAT 370 2 3 AT 1952 44 121741 3030emol A 713 3 ek
202 2Rl vlslo] 4% ho] e g ekl sher

>
=2
jus)
—
rlr
=
=
[©]
o
0,
1z
[©]
oM,
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o] AT, S}A|gt A S=8leke WA 22131 30x10em} 30x20emol|A] A S8 eFo] 1,318kg/10a%} 1,253kg/10a
2 =7 YePston, 30x20em AR A] ZJ5HE 4-8leFo] 393 9kg/10a02 7F EA UERiTh B A1EQ] ARk} 2
A

(Artemisia indica Willd.) 2] A8l A] WAIZ] 2] Fol| A o] S4ml= 7 0 2 | T15fod B A} v

3 e Uerelnt

(Kim et al., 2010; Kim et al., 2013; Lee et al., 2013). SFA|TF S HA T A 2|4=2R2 318J51H 30x10cm 7HE 02 Al A]

50200 Al Hlsto] 7 e8] 2917 7571 2l 30<200m 112102 APFel o] A1

2925 912 7O oA B, A G D] ulsto] AT AR T2 5

et St WA B el S SIS AL R Teje) B 4 9le A0 B,

TEAPIE A ST 2 AA R 30x10em = AA5H 7, 8, 9, 1090 AR o, 274, 7373

l&, 8 3 2ol 1ol o4 9 Aol S U ${Th Table 4). 2782 890l 128.2em 2 43743t ©] il

ZHUERA] 3k A7 22 8 9ol 242 8.3mmet 23.0emE 7P £SO, AT 9 U 108] 18.5920.0g 0=
2|9 Ful 50 8-9 4o HFH $ 1097H] FAI =7 g2 & o A oH 27324

7] et ofefa Ente 4
< 2119 Aol Lk stk

£5994

o] 2

T

o] 95517 1

717t -§
AR S 1,392kg/10aDWE 8 O F- 5UT 5702 GAFULE o|oh 22 %2 7Y A ol AR S8

Tt Az EFo] Aol Yk 917 thiE o 2 whek s, 84 Slse 78} | o] &R E = Ao tha AR H A o = wetETh
Table 3. Plant growth characteristics and yields of Artemisia argyi grown at different planting densities in September
Planti St Ratio of dry t Root Root Yield (kg/10 a, DW)

ating o ofplants Plantheight " Leafdry Aioofdyto Roo oo ' g
density (104") (cm) diameter cight (@) fresh weight length diameter Aerial plant Underground
Wi
(cm) (mm) . (%) (cm) (mm) orgart plant organ
30x 10 30,000 135.3+792° 69+06b 18.5+0.3c 54.5a 204+03b 84+1.3b 1,318+ 115.7a 306.7 + 40.6b
30 x20 15,000 1473+58a2 84+0.5a 34.6+0.9 52.9a 23.0+0.8a 11.7+0.7a 1,253 +44.1a 393.9+77.7a
30 %30 9,000 1424+186a 87+0.7a 402+3.7a 59.3a 24.1+2.0a 13.0+0.5a 1,097 +30.1b 250.7+27.5b
F-value 0.74™ 7.64" 179.06™" 0.30™ 10.76° 11517 707 5.56"

“Aerial plant organ indicates above-ground parts including stems and leaves.
YMeans within a column followed by the same letter are not significantly different based on Duncan’s multiple range test at p <0.05.

ns, ¥, HE ok

Not significant or significant at p < 0.05, 0.01, or 0.001.

Table 4. Characteristics of plant development and yields of Artemisia argyiin a time-course experiment at different harvest times

Harvest time ~ Plant height .Stem Leaf dry No. of lea\fes Ratio of dry L?af Root length  Root diameter Aerial plant organ”
(month) (cm) diameter weight (@) on the main t(.) fresh w.el ght (cm) (nm) (ke/10a, DW)
(mm) stem weight (%) ratio (%)
July 102.6+7.1°  7.6+£0.5ab 12.0+32b 44.4+09bc 37.2d 35.9b 156+13c 9.7+2.7a 1,003+ 111.7b
August 1282+104a 83+1.0a 141+0.8b 49.5+4.l1ab 44.0c 31.7b 23.0+08  9.0+1.0a 1,392 £ 75.0a
September 1353+79a  69+0.6b 185+03a  429+4.2c 54.5a 42.1a 214+03b 84+13a 1,317+ 115.7a
October 1329+1.8a 7.1+03ab 200+13a 509+22a 49.2b 45.1a  219+1.0ab 9.6+13a 1,330+ 112.7a
F-value 12.17 32® 1337 46 47" 103" 36.81™ 04™ 825"

“Aerial plant organ indicates above-ground parts including stems and leaves.
YMeans within a column followed by the same letter are not significantly different based on Duncan’s multiple range test at p < 0.05.

ns, ¥, Rk

Not significant or significant at p <0.05, 0.01, or 0.001.
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et b o] TAR otz Zo] THEE Q.01 9Ho]l 4] FHA o] e} el 71 0 = whhrt. o]
+ 79 skol| 217} @4 APE&(Artemisia capillaris Thunb.) 9] A3 AET AE50] 8 ko]l 7P =7 Urehd Ao}
7o meko 2 o] AZICKChoi et al., 2007). 10 0]l = 9) 2] TAPH w2 A A dE]o] 0] 3 T o]AFo] B-&RAF= Fojnls
ct.

o
.
N
i
i

1

ne,
rII
)
@
J?%
rlo
. X
W a
i

gt 1 0] =& $R3-5117 6-methoxy flavonoid 2] 35 135 71| 11 QIthal A Ql.oH, ofjgt
L2 FE5H 3540 & ZetH o]t SHFe 3.6 mg-g' 2 H 1E HE QItK(Choi et al., 2005). -G31E] H(eupatilin)S 225-2]
S0t AR F Sl ditt Amavkz defA LO™(Oh et al, 1997), ARPEEA FE-75h] 5t
LC-CE-MSE AHAEA-S- E5] 2l QIth(Jin et al., 2005). AHA| 2 A H(jaceosidin)2 FE5 G712 H11H HE 910 H(Kim
et al., 2008), o} A (apigenin) T} 7] -2 L=t 7\}/‘” 1= 2 Artemisia indica)o¥ B3| AH Lee et al., 1999). o}l 4]
oA e], ahad, ek, ww, oJut A, HiElR 59 A=l aedEle] glow, Fetartel et A7t -8 HE QL
(Patel et al., 2007). B AT E 320] Zahd 1 o] HHo] a0 22| AZE|QItkFig 2).

A7)} H91H SetH L o| & 35:0] SRS B AL A7E 2= 890 TP 2 AR RS H Y Th Table 5). 2|5t
(5] 9 WAt ohlA Gago] Tk Al7Io] Hlste] s ) Lhehtom, ol Z/1o A futelelst 2
QA O] o] thE A7 ofl BISte] A Urehg th Table 5). oFu] A E7]9} Yol M= AE 4] 4™ Ak (A[5HE7]
2 EE)o ARt HEE =T, 69 38.2, 7€ 92.8 2 84 118.6mg/100g DW 0. & 7} 9tefo] F71t & 4SS5It 8 dof 4
S Z7101A frotel A L AT FR 212 13.73% 3.3me/100g DW S TR A]7]9f] H]5}o] -2 s e ZLS
™, Qo= 2F2F 513.87211.0mg/100g DW o= A7 = ] w5l wfl AT 4] 0 =2 12 o] AE 5| Qi o] % Z4sto]
1080 -85t E7] ol A ] Ak ApA| QA Fg=> 212F7.87F0.6mg/100g DW 0.2 X% 4815t 6 Hof Hslo] R3] Lt
Wk dollA = -Rrote ik AR A o] 212 302.67F 73.4mg/100g DW= GuHE | g 2% 2217 | of H]sto] A Lret
HOU A QA 2% 87] 9 HISRE <0 2 LFERg T
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Table 5. Flavonoid contents (mg/100 g DW) of Artemisia argy/in June to October

Harvest time
Compound Part
June July August September October
Underground ND? ND ND ND ND
Eupatilin Stem 11.7+£1.20 73£0.18 13.7+0.37 9.7£0.11 7.8+£0.12
Leaf 174.2+3.58 244.5+7.62 513.8+6.48 317.7+4.01 302.6+2.93
Underground ND ND ND ND ND
Jaceosidin Stem 2.7+0.11 1.9+0.09 3.3+0.09 2.1+0.11 0.6+0.03
Leaf 762+1.16 86.3+7.32 211.0+0.09 111.9+2.58 73.4+0.06
Underground 382+2.51 92.8+2.94 118.6+1.57 67.0£0.35 383+0.83
Apigenin Stem tr tr tr tr tr
Leaf ND ND ND ND ND

“ND, not detected.
*tr, trace amounts.
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