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ABSTRACT

Background: In this study, we investigated the sowing of Angelica gigas Nakai in plug trays under
open-field conditions at various times. We aimed to compare and evaluate the yield and quality of
Angelica gigas grown in open-field plug trays with those grown using the conventional field seed-
ling transplantation method employed by Good Agricultural Practices (GAP)-certified farms.
Methods and Results: 4. gigas seeds from a GAP-certified farm were stored at 4°C before use.
The seeds were sown in 128-cell plug trays from October 2022 to February 2023 and cultivated
under open-field conditions until spring. The seedlings were assessed for various growth parame-
ters in late April. Transplantation was performed in plots with standard spacing and fertilization.
The establishment rate was evaluated two weeks post-transplantation, and the plants were har-
vested in late October for yield measurements. The indicator compounds were analyzed using
HPLC. The late February sowing treatment resulted in a significantly higher yield. All open-field
plug tray sowing treatments, including the late February treatment, met the pharmacopoeial stan-
dard, with total indicator compound contents of decursin, decursinol angelate, and nodakenin
exceeding 6%.

Conclusions: Open-field plug seedlings treatment resulted in a slightly lower yield and compound
content than that observed with conventional cultivation. However, it reduced the cultivation period by
over a year while still meeting the compound standards, making it a valuable method.

Key Words: Decursin, Field Transplanting, Growth Evaluation, Pharmacopoeial Standards, Plug
Tray Cultivation
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A= AL Ungelica gigas Nakai), Q3F (A acutiloba  F<13} X756 SEFAT} (Sung et al., 2004) A= 2
(Siebold & Zucc.) Kitagawa), =7 (4. sinensis (Oliv.) Diels) Zhd A A= o F v g3 I I JNA S &

2 RE, Aot dgA7E oA okgAE R AulE 5ol Itk LHEFOW(Kim er al, 2008; Park er al,
3L ek 2 FollA 2022 TR FEH AplsTRE 692 2011; Kim et al, 2014a), 53] A 8 4% decursin
S, AuiAAEL 469 ha, A 1311 Eo2 7|SHSTH 7} decursinol angelatex= 4 A% (Jiang er al., 2007),
(MAFRA, 2023). 337 AtEe FA% 622%, 35 ol ot (Bae er al., 20160 EF7F Qa, Bl AHA
32.9%% & AAHFe] 95.1%E XA|SkaL Ut o (Yim er al., 2005), Hebd A4 A &3} (Kim et dal.
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474" Good Agricultural Practices (GAP) 34t 5
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(538 mm x 280 mm x 49 mm, W 8 x L 16 A, A &k 21 ml,
Bumnong Co. Ltd., Jeongeup, Korea) S2]2 Eg|olo] nl2
71 Y8 AE (Seoulbio Co. Ltd. Eumseong, Korea)S

X F B2 1 94 Yol HE Altsiith
g AZIe 2z 22d 108 sk (108 31), 1Y Sk

(11€ 30), 12€ 3= (12€ 309), 233 1€ 3k= (1€ 309)
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Yol IF I 23dn Hol| A& T H2E7] WA
=R Z4oA Edlo] $oll 70% xFEERe §e AEjE S
3t Tt
2. KulferH

TEXTA FHAAEZTS AMNERE AJE EAgolA]
ol& 110 cm & 77 50 cm AT AAEEE 50 x 25 cm

Ao R it Al el BAMIE N - PO : KO A
(Pungnong Co. Ltd., Mapo, Seoul)S 16 : 24 : 12 kg/10a
o Fom AN 2% A AW Tl g F
SIAAL, 718 A wF AN
g5t} 43T (Kim et al., 2014b).
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Korea), A% FAE =4}

4. N|EME =H

HFEEL @RI (Coresciences Co., Ltd., Seoul,
Korea)ol Al 43l ©]-&3tom, 20 mgo] € FHAE
80% methanol 1 mf o] dEsle] 15 ¥7F 253 FE3 &,
0.45 pm 2] syringe filter (Whatman, Maidstone, England)Z
ofstod A RAGE Ao ARSI

EA12 Agilent 1100 Series HPLC A28l (Agilent Techno-
logies Inc., Santa Clara, CA, USA)S ©| &390, dH2
YMC-Pack ODS-AM (4.6 mm x 250 mm, 5 m, YMC Co., Ltd.,
Kyoto, Japan)y2 ©|-83l5om 4 7S Table 13+ 2t

A AL 98 EFFS methanoldll 54 200, 100,
50, 25, 12.5, 625 pg/ml o] FL & A| X3k HPLC #4&
S, A e FEE ARHS A48kt Deoursind]
A7 W2 Area = 41.8440938x + 0.0518985 (x = /g/mk,
7 = 0.999), decursinol angelate®] #7g2]-- Area = 41.8692916x

+ 0487749 (x = g/l 2 = 0.999)%

5. 3 24
FA A& SAS Enterprise 7.2 (SAS Institute Inc. Cary,
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Table 1. HPLC analysis conditions for decursin, decursinol angelate
and nodakenin in A. gigas Nakai.

HPLC analysis condition
25°C
Solvent A : Water

Column oven temperature

Mobile phase .
Solvent B : acetonitrile
UV wavelength 330 nm
Flow rate 0.3 md/min
Cradient elution system
Time (min) %A %B
Initial 95 5
1 80 20
10 5 95
10.5 5 95
10.6 95 5
Injection 100

NC, USA)E o]83le JYiiHEAS AAI9IS™ Duncan’s
Multiple Range Test (DMRT)9} Student #testE ©]-8 3}
2] 7+ Fawke] A 5%, 1% 2 0.1% s34 HAgst
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h =
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A5 A7} (Table 2), 7P W14 95 109 3= (10¢€ 31¥
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SkE - 29 Skr) BT 39 ofel doks AR Ao 54
A1k

AzolM Fshs A e 540 sl 71&o]
S FAIgk SAl 717HeSE dokshA] eal AlthE £t 2
ke Al wols AR Zlos A (Lee ef dl,
2014; Lee et al., 2019).

2. 58 9 A Wt

A el 1O 3 A7l e S 77 549
3151t} (Table 3 and Fig. 1). Zelz Reo| &2t&3) X
s 2Aell= A 7F fFolgh Zol7b HAEA] %o, A
sHte] 27, A3 A% FAE 2¥ ske (€ 28Y) %
Aol A 53.4 mm, 83.6 g0 2 THE Aol Hls] foFe
2 %S e Ve HE 100 G FHINE 4182 kg o
2 fodog Eoit)

ATE FelA s AP 7P W 10d ske (104
319) AgellA] 271 Age] AHo g =& AFS et
o, e 3 A7V 7P =2 24 ke (29 28%Y)
AggollA FEFo] 7P Eol AR AdnkE AdE Bt
(Table 2 and Table 3).

AR AEE B A2 A HF R =2 Aol o
Z7] &Ko S fARE A3 A} (Lee er al, 2023),
2 AgeMe tE AAE vehllo] dxk 7k Al 273 st
of W& Aol HEAL gk AEF Hagh 102 A}
S¥th 2 AgA 108 3k (102 31Y) 35 AHE+e
FAte] wobgo] 21.0%l B, 29 sk (¥ 28Y) A
YTE 743%3 2 (data not shown), ©]23F 3% Zlol=
A oA 7103 Aeg FgHT)

A= SR Tolgo] Yol (Cho and Kim, 1993) &
g2 Ego] 35 Al 3 ¥ - 4 €S 958 F 7P ASo)
AT MAE BV Fo AP FE AR E Ao
A 128 F Ede] & 7 1 894 gt H2 A4S
U AN e Qi

10 sk (102 31Y) Alte 9ol AEs A5 SA
Hxe] A glo] viE FEd| sgste] 57 717k Bdle
B FHo] ekdd] EltER] ks 7ol dem, 29 st

Table 2. Growth and production characteristics of A. gigas Nakai seedlings based on the open-field plug sowing time.

Sowing time (Day / Month) Shoot length (cm)

Fresh shoot weight (g) Root length (cm) Fresh root weight (g)

31 October 5.7+0.3% 0.3%0.0 7.5+0.5% 0.4+0.0
30t November 5.3=0.8" 0.2+0.0% 10.2+2.8° 0.2+0.0°
30t December 6.3+0.6 0.3+0.1% 7.242.3% 0.2+0.0%
30" January 5.0%0.2% 0.3%0.1%¢ 5.8+0.8" 0.2%0.0¢
28h February 4.3x0.3° 0.2+0.0° 6.2+1.3" 0.1%0.0°

Values represent means + SD (standard deviation) and measurements were conducted in triplicate to ensure reproducibility. "Means with
significant difference measured by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 3. Growth and production characteristics of A. gigas Nakai based on the open-field plug sowing time.

Sowing time (Day / Month)  Survival rate (%) Root length (cm)  Root diameter (mm)  Root weight (gDW" /ea) Yield (kg/10a)

31 October 98.1+0.2™ 41.2+2.9™ 44.1+4.8° 67.2=7.0 336.0+30.6"
30h November 98.5+0.0™ 43.4+4.8™ 46.0+5.1% 65.1=11.5" 325.5+56.6°
30t December 100.0+0.0™ 40.7+7.2™ 45.7+8.2% 68.2+10.3° 341.3%51.4°
30" January 97.0+0.0" 43.6+8.0™ 52.5+9.0° 78.0+21.6% 390.0+54.6%
28" February 99.9+0.2™ 47.0%6.9™ 53.4=1.6° 83.6+9.5 418.2+37.8°

DW; dry weight basis. Values represent means = SD (standard deviation) and measurements were conducted in triplicate to ensure
reproducibility. "Means with significant difference measured by Duncan’s Multiple Range Test (DMRT, p < 0.05). ns; not significant.

Table 4. Analysis of decursin, decursinol angelate, and nodakenin contents in Angelica gigas Nakai based on the open-field plug sowing period.

Sowing time (Day / Month) Decursin (%) Decursinol angelate (%) Nodakenin (%) Tatal contents (%)
31 October 3.0+0.5™ 2.8x0.6™ 0.4+0.1™ 6.2+1.1™
30" November 3.4+0.7"™ 3.1£0.3™ 0.5+0.1™ 6.9+0.4™
30" December 2.9+1.8™ 3.1£1.6™ 0.4=0.0™ 6.4+3.4"
30t January 3.6x1.1™ 3.9+0.4"™ 0.5+0.1"™ 8.0+1.6™
28t February 3.5x1.2™ 3.3x0.5™ 0.4+0.1™ 7.2%x1.7"™

Values represent means =+ SD (standard deviation) and measurements were conducted in triplicate to ensure reproducibility. "Means with
significant difference measured by Duncan’s Multiple Range Test (DMRT, p < 0.05). ns; not significant.

A Fa &1 3 Ao e AFAEY] TS
B3I (Table 4). A FAE decursin®] &2 I8 A7)
of & el Aol fiAet thef 3.0% - 3.5% 0l

Fig. 1. Shape of the underground part of A. gigas Nakai after harvest by the open-field plug tray sowing time and conventional
cultivation. (A) sowing on late October, (B) sowing on late November, (C) sowing on late December, (D) sowing on late January,
(E) sowing on late February and (F) conventional cultivation.
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3L, decursinol angelate®] 2 3.0% - 3.9% TR
™, nodakenin® T 04% - 0.5% FolIUTh 3 7HA
20 FTHLS 62% - 8.0% F<EoloH FeJgh Aol W
A=A Bkt

oighel=ekd 12 7Rl oJehd = AFd ) 2HEQl
Fe] Balolm, o] kS AZXFF A& F decursin (decursini}
decursinol angelate) & nodakenin®] 3ol 6% ©|d sk
3th= 71%0] 9lom (MFDS, 2019), 4] E2)1 S1.e] w5
AZTE AT e BF 7S S50 A= YET

3. ZRiMuet =X S0 R AMule] a2k U A H|

Aot =] Sl SEAPS o] Ao A
S3 7 548 ¥AsISAT (Table 5).

A= AE DA dxste] R AR o
of kI AdEe AFQ] AsHe] ARFAE HlwdS
A 119.0 g, =4 22 S5 A9 83.6 g &7 23k
zfolE vEeRom, FRFw 717t 586.1 kg/10 a, 418.2 kg/10
a® =2 fFo]gk 2ol HERH I

A AFEAGEQ] decursin, decursinol angelate, 12|
nodakening HPLC #413& o, 3 712 A9 &3> #3)
A A 8.9 %, A EH L SEA MM 7.2 %ZE F Al
W ZF g Aol JERISle Y, & o digekd 12 74
of w2 FFAe AZAHE 7]F ‘decursin (decursin}
decursinol angelate) ¥ nodakenin®] o] 6% o]l T
3= &I} (Table 6).

B Ay 7|17k Al 2HEe] 83 ALk mlAl=
FFo] & Holr}. At o2 28R oAl -2 A
toll 7] AlAdu7F B ashy sijuit 7173271 dAger]
o GAP 37 AM| 72 APHoZ Ao FAb
gk 1 9 ol §E HFE AR, 2 osk=
WS Aglgth (Yu et al, 2000).

AP A A SH o] Al FEetat she sk
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o it 2 I
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CBlEs L 2=

= (==}
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=

o AHEE 7Rl =R SRR FAE Attele] 7]E
£ o] B Eoll Az BE o]Aste] 7kl X|F
= 3sle] o] &3t} (Kim er al., 2014b). SHIENAH B
712 717k 1@ o) &AQE7] wFo Au)7|ite] 7t
o 24 S5 o4 Ale gd £ shelA Eo]
sl 718 SHIBE Bl Ao oA ste] TRSel A

2 3= glog gE y|2= 7)7ko] 60d - 90
A% 2QETH (Nam ef al., 1999; Lee et al., 2023).

{ 2] Al B ASo] EESIA|NE Al 717ke]

7P Aol S8 717 T Walgd 719l ale] g 4
UTh 244 SE oA Aule wolgo] W I TAE
25Ert ] FAs 3Rzl FHepHo 7 AEsle] %
7] B Ago] EEII, skt He] Al $Ho] Ha
ste] 7] ZAH]Eo] wAgIT)

wEbA] =2 FH Edlo] S8 AplE HEe] A4 glo]
FAACE 24 SE oPAME A&l EAvEESG ¢
Aol Fe|1 Edgolol] vEste] AAF o2 Tlstehe 20
e FHS BERAA ol AZ|E ST 2] S =
ol a¥E I &l FA= U

ARH o7 A Fel1 SE Al FPApIET FREE
oF 70% o A FAE Fo] ok Tedle T &
Folom, 5 77 1 d Ax 7] "ol §8 717
< @Es7] 913k aHRl Apelet & ¢ lom, F2
SH Al 35 AVIERE 7 HollA] 249 skeo] AHEI

AA| FAFF e} 2 kg2 Al FTlA = =R 1d

o gt Jr ko

1o, St Ho

ol §R u AZE 3FEh] fls) A ole] fle EA
UApste] ARSI (Lee er al, 2020). < 98 Z4

w32 9o, 7IFHsL FHel vAE A7 BoiFar

s ¢

I e 715 HEtE FEF7E AW =2 Xe= oFslo]
73

A 1 &R Auie] 71 717ks el Edels

Table 5. Growth and production characteristics of conventional cultivation and open-field plug sowing in A. gigas Nakai.

Root diameter (mm)  Root weight (g:DW"/ea) Vield (kg/10a)

Cultivation type Survival rate (%) Root length (cm)
Conventional cultivation 98.5+0.0 53.6*2.2
Open-field plug sowing 99.9+0.2 47.0£6.9

586.1+35.4""
418.2+37.8

119.0+6.2""
83.6x9.5

61.5+3.8"
53.4x1.6

"DW; dry weight basis. Values represent means = SD (standard deviation) and measurements were conducted in triplicate to ensure
reproducibility. “Statistically significant value compared with control group by unpaired student's t-test (p < 0.05, “p < 0.01, and 'p < 0.001)

Table 6. Analysis of indicator compounds in conventional cultivation and open-field plug sowing of A. gigas Nakai.

Cultivation type Decursin (%)

Decursinol angelate (%)

Nodakenin (%) Tatal contents (%)

5.1+0.5"
3.5+1.2

Conventional cultivation
Open-field plug sowing

3.0=0.6
3.3x0.5

8.9+0.5
7.2+1.7

0.7+0.2""
0.4=0.1

Values represent means = SD (standard deviation) and measurements were conducted in triplicate to ensure reproducibility. “Statistically
significant value compared with control group by unpaired Student's t-test (p < 0.05, “p < 0.01, “"p < 0.001)
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Aol AHT-E K= AR 8l e Hd ot
gde 1z & el 7he YR wREE 7k S
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