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ABSTRACT

Background: Angelica gigas Nakai, that belong to the Umbelliferae family, is one of the tradi-
tional medicinal plants in Korea. Its roots have been used to treat gynecological diseases. In this
study, growth characteristics and index components were compared with the forest microclimate at
several forest sites.

Methods and Results: 4. gigas was planted in three climatic zones according to the temperature
(southern temperature zone - Hamyang, central temperature zone - Bonghwa, and northern tem-
perature zone - Jeongseon) and growth characteristics were investigated in comparison with the
forest microclimate. Our results indicated that the root diameter and length, and fresh and dry
weight were the highest in Jeongseon. The total content of decursin was the highest in Jeongseon
(9.52%), followed by those in Hamyang (8.07%) and Bonghwa (7.48%), respectively. Addition-
ally, the yield of decursin (1.39 g) was the highest in Jeongseon.

Conclusions: The yield and index components were influenced by the microclimate in the forests,
and it was assumed that high altitude and low temperature affected the increase in growth and
index components. These results will be useful as basic data to study the correlation among envi-
ronmental conditions, growth, and index components.
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M A Aol A%, k2 3 gEe] 7P Bol ol &E Aok
(Park et al., 2019).
thadA 28 28l A (4ngelica gigas Nakaiys 2F8 ZFHe] A FGE-S coumarinl] —’—'.\—3]~— A2l decursin}
Z} (Umbelliferae) A% (Genus Angelica)ol] &8k}, <ol decursinol angelates® 2, ol T=979} dEFAA= §le

A A (4. gigas Nakaiy= 2

kgAO R olgela FHY  ARelth of 4R FuiWE 7HL, eje) A, sk

F (A. sinensis Dielsy= A=A gkor} okg-oz £lxx gt 52 g% JE Ao® ByHY der (Kang er al,
Aom, G (A acutiloba Kitagh= AL 5 2802 2003; Lee et al, 2003; Park et al, 2011; Yoon et al,
o83l ATh (Kim et al, 2018). UIgHI=ekdol| =W 2 2011), =k A, dPALY 72 doel= F50] A= A
FHAE S kg o2 o]83}H, nodakeninZ} & decursin oZ BAFEI Utk (Yim et al, 2005; Bae et al, 2016;
(decursin®} decursinol angelate)2] o] 6% ©1 &-FslloF  Kim et al, 2016). 3F A7 FE82] vy L zle]A 2}

Atk (Lee et al, 2019). @A S8z A 5 500 3] o] w22 FAR Qlsle] FHZ AR AAF R Al HF
2, W A T 150 3] ol FHIVF dFERier ek HA e ATISAE B PRl YRR ol &4
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Kim et al, 2008; Lee et al., 2019).
AEE B, SAEE AR, Y=
T 2t F- 55 LAl 300m o)/delH dtiA
o2 A5 7o) MEd AGIM T2 A= ATt (Yu
et al, 2004). =Y AEiEZALS 20183 457ha oz 20073
692 hao} ¥lwsle] oF 33.9% 7Asiom, Aakeke 20074
2,955 M/TOllA 20183 1,135 M/TOE 61.5%% FA 7438}
ATH (MAFRA, 2019). 2o Fekst 7o) A&EHS
I 715EskE ek Ha|e e it Aeid
Aol =] g2 FFe vH ZoZ e

A Aol st A= A3k 2 o4 2ol (Nam et
al, 1999), 55 AAd W& ASK Ao (Yu et al, 2000),
o 2 A A (Ahn er al, 1994), 137 F712 B8
ARE- (Kim er al, 2014), Pl B 28 AA| A (Lee
et al, 2018), ) FFFe] ol 154 H7l (Lee e dl,
2019) 5o] B Eeh. 22 715483t 5 53] Hele}
A@ste] AujA] Ao wWE YSEA 2L AR 8w
(Kim et al., 2019) A7+7F B EAA T, Fg71e] ZAYAQ1
7150 A Ul RS ASEAE 2 A AN
et AFe vES Aol

B ATE 71FHstE skl HRF oz g7l AfufA
A7t A2E A A FA d-gstaal, AR ASEA
Zre] 2FAAAE FHsial A U AElE S8t Z12AEE
Algst7] fleted =)

3

Ay =]
9%

=
£ x4

Mae] AEA skt (Fig. 1). ZF AlgA
2 A (dngelica gigas Nakai) AAE 234
Yol ol& 35 cm, 22 35 em, A2 A7 30 cm 2 25k Th
AlEA 2] 91x]9} A== GPS 717] (NAVA Pro 70, BHCnav
Co., Ltd., Beijing, China)E ©]&3lo] 43190, 7L, &
P, EFESE, 2% 5 5= 71PEEAE] (U30

Data Logger, Onset HOBO, Bourne, MA, USA)E ©|&3}

Table 1. The geographical and meteorological information of A.
gigas Nakai cultivation area.

o Coordinate )
Cultivation area . . Altitude (m)
North latitude  East longitude
Hamyang ~ N35°26'57" E127°41'41" 672
Bonghwa N36°50'51" E128°55'47" 586
Jeongseon N 37°2810" E128° 36'04" 712
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ARE-SEATE
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MA, USA)°| ammonium acetate (Samchun chemical Co.,
Ltd., Seoul, Koreayg ©|-&3}o] 251t}
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Fig. 1. The map of A. gigas Nakai cultivation area.
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A, A2 F AFES AT ASEAL

MAA 3 REEo R ARSI 2

Lassele Co., Ltd., Ansan, Korea

=
AZA A ol 22Pe W 153

[e)
=

nodakenin, decursin®} decursinol
st ZF Al@AE=R 10 HAY 3
155 A% % &4 % 70% ethanol
(Samchun chemical Co., Ltd., Seoul, Korea)2 ©]&3l> 15
T -35Celr 20 7+ =3 (WUC-06H, DAIHAN
scientific Co., Ltd., Wonju, Korea) =35t}

+Z ¥ PVDF 045 /m syringe filter (Advantec, Tokyo,
Japanyg o] 83t A&ttt A &4 High Performance
Liquid Chromatography (HPLC, Shimadzu Nexera series,
Shimadzu Co., Kyoto, Japan)S ©]-£-3}5.0™, AH-LS Hypersil

S~

Table 2. The HPLC condition of nodakenin, decursin and
decursinol angelate analysis.

401l e &

Instrument Condition
Shimadzu, Japan
Degassing unit: DGU-20A
Liquid chromatograph: LC-20AD
HPLC Auto sampler: SIL-20A
Column oven: CTO-20A
Diode array detector: SPD-M20A
Communications bus module: CBM-20A
Column Thermo Hypersil GOLD C18 (5 /m, 4.6 X
250 mm)
. A) Acetonitrile
Mobile phase B) Water
Flow rate 1.0 m¢/min
Column temperature 30 C
Injection Volume 5 /4
Time (min) Solvent (% A)
0-3 20-20
3-8 20-30
8-18 30-30
Gradient elution 18-19 30-50
19-40 50-50
40 - 41 50-90
41 -45 90 - 90
45 -50 20-20
UV condition Wavelength 330nm
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GOLD Cl18 (Thermo Fisher Scientific Inc., Waltham, MA,
USA)S ARE-3ISITH (Table 2). ¥ A3 AR 0= E2
acetonitrile® 2, AR A sonicatordll 4] 30 min 7} E7]5}k]
BT f4-2 1.0 m/min, A¥ %= 30 C, UV 3¢
L 330 nm 2.2 A3} O™, water : acetonitrile = 80 : 20
o2 AZsle] 45 E7) acetonitrile M-S Hx} S7MAZTH

Zt JEH ZFF nodakenin, decursin (Sigma-Aldrich
Co., St. Louis, MO, USA), decursinol angelate (Biopurify
Phytochemicals Ltd., Chengdu, China)yS ©]-83} 20, 100,
200 pg/ml o] sE2 FFAFNS 2t 24 e |

A%e AR tedslel S SAT F AR B9 F

F g AR s= (%)E HERISIT
5. SAEAM
FAEAS SAS (Statistical Analysis System ver. 9.2,

SAS Institute Inc., Cary, NC, USA) Z2713& o]g&3lo] o
e E4HEA] (One-way ANOVA) $ @719 Tt 9] 4%
(Duncun’s Multiple Range TestyS 33ttt (p < 0.05).
PR AEEA 1 e sYd Z2a3S o8
sto] Tloj& AJAAISG (Pearson’s correlation coefficient)s &
Akt

21}

1. JI=HE AlgdX| oDl §4
7150 AR [ (©lst

sh, 2UEF I8t BA)e] 712, B, EFrady 2

JxFE st A3 (Fig. 2), Ha ¢

AGQLTFE 7|20 & ZoZ IAdE & A e 24
FH A9Ql B3k AAA7E 7P =8k ole B3t A1EA€
dxFo] g A viE] =7] WEoE AlsEY E
& TS vlag Ad, el st B AT vlaste]
=9t dxF, sdal ¥ BEYTE 5 YRS AEAY
A& Bl A 93-S 7|XAl @t} (Hautier et al, 2009;
Kami et al., 2010; Li et al., 2010).

2. J1SUHYE AIEX] EAEY

7 AR Ee] 5L Hlwsl] flste] BT B o]
3ehd 248 AAEISITE (Table 3). B3F 2 A e
45% ©’%, VIAF 28% ol3l, FE 20%-35%2U AMEAYE
(sandy clay loam)2 YEROH, 3Hke Fal] 65% - 85%,
E 0%-15%2] AFSE (sandy loam)E FAMEITH E% pH
= BE AIFACA RS Holn, 34, B3l 9 A AeA
717} 414 5.04 2 50602 UERTE 718 e 3

p
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Fig. 2. The graph of meteorological information in A. gigas Nakai cultivation area from January to October. (A); temperature, (B);

soil temperature, (C); soil moisture, (D); solar radiation.

A 1251%% 7P =S SRS Blor, o9k tlEo] Hadt
2 0.48%, FEAFF 13753 mgkg 2 A7) AEE 0.13
=0

dS/m =2 F¢o] Zo® Yeyitt 7= el =t
= AL AHRESY f71E Fol Ttk 9nlola, ol &
F Eio] thE AR vl w2 A AEEna
AlaE),

EY f71E3 N, P KS Ag 578 a9
Ak B8 ol atolg wlwsidedl, 2 A3 f71=
N, P, K& Agals o 2E9] A4S 38402 w3t
Al7|1aL Arkeko] FS7kshe A ERlske A7t Bard up
9ITh (Zhong er al, 2010). T3t §7]% BFefo] = AYujx]
o FFH (dngelica gigas Nakai)2] <273, &4 2 %
5 AS387} decursin 2 decursinol angelate 5 A A
shefo] -t AEE Bl A+ A7F Uk (Kim er al,
2019).

EFo] Folexgk &7 ollA 29.53 cmole/kg = 7P
EE FAE Ben, Bslet FHe A7 1583 cmole'/kg,
18.53 cmole'/kg &2 H|S=EATH (Table 4). 7]1FHERE K,
Na2 #9242l 2o|5 HolA] FUAINH Ca®" ¥ Mg™2 &
slollA zbzb 2.7 emole/kg, 0.56 cmole'/kg 2 E=A UYERY

s A

BAACE g Aol B

oRgAEe] A TS flsl 2MdskE Bl H3lE
Azlalel Ca' ole 4 EE fEeke Ak waw v
o™ (Coté et al, 1995; Ouimet and Camiré, 1995),
Ca®7} Be] Agol = F drhe A7 BasE u
At} (Nadeau and Olivier, 2003). =3+ Mg*'9] ZA$= HE
3 Aol =gg T, A=A oA Mzl gt A9k
A dFe 7xIths A9 Bal @ vk Aok (Ouimet
and Camiré, 1995).

AT B Aol e A8age) b e
ANEA = AR Ca¥ B Mg TURSE YER} A9
Tol= T A3t UERt ols BEA, 71, 3 2 3
S o 4 adlel ofd ZH4= Alsd

—o o
- =

2

e

al

3. JIE0HY AlgiX] MSEM

719 AlgRe] I ASRARE A Ao, A
o] Zol= AAMo|A 29.07 cm 2 TR AJR|9} Hlwale] &
oI5k zjolE HolH £ X5 el & 4 Q) o]} ¢
ol 271 27, 4 2 9%l 2 7.15 mm, 21.63 cm H

= |
2590 cm 2 AAo] &L 7S HAUT ol V|, EYe:
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Table 3. Edaphic characteristics of A. gigas Nakai among different cultivation area.
o . H OoM" Total N Avai. P? ECY
| | i
Cultivation areas Soil type (115, H,0) %) %) (mg/ke) (dS/m)
Hamyang SLY 4.14+0.09° 12.51+1.36° 0.48+0.09° 137.53%£38.53*  0.13=0.04°
Bonghwa scL? 5.04+0.07° 537+1.19° 0.25+0.03" 12.62+3.07° 0.05+0.01°
Jeongseon SCL 5.06+0.19° 6.37+1.37" 0.26+0.06" 71.99+16.42>  0.05+0.02"

YOM; organic matter, Avai. P; available phosphate, ?EC; electric conductivity, *SL; sandy loam, *'SCL; sandy clay loam. All data are showed by
the means = SD (n = 3). "Values followed by different letters within a column indicate significant difference between substrates for that
parameter using DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

Table 4. The content of exchangeable cation and cation exchange capacity of A. gigas Nakai among different cultivation area.

Cultivation areas K Na Ca Mg CEC
(cmolc*/kg) (cmolct/kg) (cmolc*/kg) (cmolct/kg) (cmolc*/kg)
Hamyang 0.11+0.03° 0.03+0.02° 0.54+0.17¢ 0.10+0.02¢ 29.53+3.65
Bonghwa 0.13+0.02° 0.05+0.02° 2.70+0.28" 0.56+0.09° 15.83+2.45"
Jeongseon 0.16£0.05° 0.04+0.01° 1.33+0.56" 0.26+0.08" 18.38+3.50°

All data are showed by the means = SD (n = 3). "Values followed by different letters within a column indicate significant difference between
substrates for that parameter using DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

Table 5. Growth characteristics of A. gigas Nakai shoot among different area.

Cultivation area Shoot length (cm)

Stem diameter (mm)

Leaf length (cm) Leaf width (cm)

Hamyang 22.70+5.35" 4.87+1.12° 15.95+3.73" 17.40+3.99"
Bonghwa 23.82+6.33" 6.12+1.50" 20.25+3.36° 22.84+4.75
Jeongseon 29.07+5.36 7.15+1.97° 21.63%5.50* 25.90+6.07%

All data are showed by the means = SD (n = 30). "Values followed by different letters within a column indicate significant difference between
substrates for that parameter using DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

Table 6. Growth characteristics of A. gigas Nakai root among different area.

Cultivation area Root length (cm) dianlj eotoetr (um) Numberz)gi ?ggporting Fresh (geight Dry zg)e ight
Hamyang 32.35+6.55 23.00%5.452 10.73=4.012 36.78+21.48" 9.99+6.12"
Bonghwa 25.39=+4.40° 23.64+3.62% 6.90+1.92% 42.52+16.41% 12.87+4.81%
Jeongseon 35.72+9.96" 25.20%5.47° 9.17+2.90° 47.29%+19.99° 14.61£6.09°

All data are showed by the means + SD (n = 30). "Values followed by different letters within a column indicate significant difference between
substrates for that parameter using DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).
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angelate?] T HFS EX 3T (Table 7). dHH o=
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Table 7. The content of active compound in A. gigas Nakai among different cultivation area.

Cultivation area Nodakenin (%) Decursin (%) Decursinol angelate (%) Total (%)
Hamyang 0.54+0.20" 4.57+1.46" 2.96+0.89° 8.07+2.29
Bonghwa 0.35+0.08" 4.06=0.96" 3.07+0.59° 7.48+1.44°
Jeongseon 0.41+0.11° 5.81+1.00? 3.30+0.71° 9.52+1.572

All data are showed by the means = SD (n = 30). "Values followed by different letters within a column indicate significant difference between
substrates for that parameter using DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

Table 8. The vyield of active compound in A. gigas Nakai among different cultivation area.

Cultivation areas Nodakenin (g) Decursin (g) Decursinol angelate (g) Total (g)
Hamyang 0.06+0.04 0.48+0.43" 0.31+0.25" 0.85+0.71°
Bonghwa 0.05+0.02° 0.52+0.23° 0.39+0.14%® 0.95+0.39"
Jeongseon 0.06+0.03" 0.84+0.38" 0.49+0.27° 1.39+0.66°

All data are showed by the means + SD (n = 30). "Values followed by different letters within a column indicate significant difference between
substrates for that parameter using DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

Lee 5 (2019)y g F-2jo wet 4l tiv], Fr] 2 Aln)
4 92 FE3}e decursin B decursinol angelate HS
At FepHE vlweiglon, 2A7o] bt & 4l F
ol A ghko] wtar A 7de] P 2R AmlollA] Fhgo
e 235 =& o= A4t 2A8He] FegE 3
AlleAtol=8] gho] Frlgithe AT Aol fAbskith
(Yang and Yang, 2000).

Z|SER AEAEE AN v|wel] gt AsEa
nodakenin, decursin & decursinol angelate®] %S F3}
AR AFE T (Table 8). Aoz gale
AFAE F 139g 022 7P =S ANEFS How,
nodakenine 7] U2 fo]HQl AolE HolA] YA|ITH
decursin 2! decursinol angelate | ZAE F i 2
ZAEE 1At

] -

lo £

5. YXetd, MEM XFME 2o Az

e YA, VS5 AFPR T e Tt
A (Pearson’s correlation analysisyS AA|SFATH 2342
FROIM} o] JHAAAE B M IR Ho] 4
AE BATH (Table 9). & Kzt Ao HAAAE B}

A2 = Fa Aol tRAE ol Na', Ca*',
Mg* 3= Fo S R AR S Y
73 Zhle frolg s HolA ¢ttt (Table 9).

e 2%, 2, A2 4, nodakenin 2 decursin
Fb Go] AAAE e, dxEe AR, 53]
o] g} ko] IS Bk AEAEQ! nodakenin,
decursin, decursinol angelate = AL} ko] A##AA 7}
e o U] 9R1EF= 50 IS BTt (Table
10).

Seong & (1993)> A5 27191 495 € 797 dwA}

Mo o

Table 9. Correlation coefficient between edaphic characteristics and growth characteristic in A. gigas Nakai.

Growth OM Total N Avai. P K Na Ca Mg CEC
characteristic (%) (%) (mg/kg)  (cmolc*/kg)  (cmolc™/kg)  (cmolc*/kg)  (cmolct/kg)  (cmole™/kg)
Shoot length 0.433 0.309 0.711° 0.288 -0.520 -0.664 -0.744° 0.471

Leaf length -0.267 -0.268 0.020 0.528 -0.010 0.053 -0.019 -0.191

Leaf width 0.364 -0.385 -0.097 0.746 0.022 -0.004 -0.041 -0.301

Root length 0.164 -0.041 0.368 -0.222 -0.224 -0.600 -0.605 0.126

Root diameter -0.589 -0.712" -0.228 0.396 0.119 0.175 0.115 -0.552
Number of supporting root 0.655 0.476 0.885"  -0.041 -0.742" -0.816"  -0.860" 0.663
Fresh weight -0.645 -0.773" -0.290 0.250 0.164 0.169 0.133 -0.623
Nodakenin 0.185 0.027 0.452 0.477 -0.620 -0.226 -0.292 0.244
Decursin 0.121 -0.054 0.411 -0.018 -0.339 -0.523 -0.558 0.119
Decursinol angelate -0.007 -0.228 0.236 -0.218 -0.422 -0.150 -0.175 0.009

All statistical analyses were performed using Pearson’s correlation analysis (p < 0.05 and "p < 0.01).
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Table 10. Correlation coefficient between meteorological characteristics and growth characteristic in A. gigas Nakai.

Growth characteristic Altitutde Temperature Soil temperature Soil moisture Solar radiation
Shoot length 0.278 0.011 -0.046 -0.016 0.180
Leaf length 0.013 -0.052 -0.072 -0.291 0.416"
Leaf width 0.090 -0.100 -0.101 -0.274 0.246
Root length 0.512" 0.096 0.073 0.192 0.148
Root diameter 0.099 -0.188 -0.175 -0.237 -0.277
Number of supporting root 0.344™ -0.137 -0.146 0.284 -0.399
Fresh weight 0.057 -0.170 -0.178 -0.282 0.198
Nodakenin 0.261 -0.019 -0.045 0.090 0.143
Decursin 0.491" -0.312 -0.316 -0.238 -0.061
Decursinol angelate 0.093 -0.399" -0.398" -0.324 -0.039

All statistical analyses were performed using Pearson’s correlation analysis (p < 0.05 and “p < 0.01).

7h A5 AAER dZRAITE B o] Bl A A
shal A $7191 847 1097 7120] M=
A z7o] Aot vt B iAol 2
it} Ch01 5 (20102 EY f71EZHEH v
OHHX 19 (O 4D N2 sAlell
g/\]-ako] E 7]‘3 Oﬂfsko] xq;q

l‘f_r Arteko] Hejole 3

1 }L}E‘r‘)rth 2R sy °l
Fstar *@*Pahﬂ 2 o=
UrE} bR A Ae} vtk Adelstar & 4 Aok Park

T (2019y HEAF AAA] 8 7Y @W% %‘”ﬂ% T8t

L 0
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