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Growth and Useful Component of Angelica gigas Nakai under
High Temperature Stress
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Abstract - Recently, the pace of global climate change has tremendously increased, causing extreme damage to crop
production. Here, we aimed to examine the growth characteristics and useful components of Angelica gigas under extreme
heat stress, providing fundamental data for its efficient cultivation. Plants were exposed to various experimental temperatures
(28°C, 34C, and 40C), and their growth characteristics and content of useful components were analyzed. At the
experimental site, the ambient and soil temperature were 19.38°C and 21.34C, ambient and soil humidity were 81.3 % and
0.18 m'/m’, solar radiation was 162.05 W/m’. Moreover, the soil was sandy-clay-loam (pH 6.65), with 2.66% organic matter,
868.52 mg/kg soil available phosphate, and 0.14% nitrogen. Values of most growth characteristics, including the survival rate
(85%), plant height (38.66¢m), and fresh and dry weight (41.3 g and 14.24 g), were the highest at 28 C. Although the highest
content of useful components was observed at 34°C (3.24%), there were no significant differences across temperatures.
Growth characteristics varied across temperatures due to detrimental effects of heat stress, such as accelerated tissue aging,
reduced photosynthesis, and delay of growth. Similar content of useful components across temperatures may be due to poor
accumulation of anabolic products caused by impaired growth at extremely high temperatures.
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Fig. 1. Cultivation area and production volume of A. gigas. A: cultivation area, B: production area, C: production volume (KOSIS, 2021).
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Table 1. Weather characteristics of 4. gigas cultivation site in Yeongju, Gyeong-buk

2018 Year 2019 Year
Tilgp' Air temperature Soil temperature Air temperature Soil temperature
) Jun. Jul. Aug. Sep. Total Jun. Jul. Aug. Sep. Total Jun. Jul. Aug. Sep. Total Jun. Jul. Aug. Sep. Total
28-33 99 4 3 4 20 15 5 14 2 36 14 18 20 8 60 10 8 9 0 27
34-39 11 4 6 11 32 0 19 12 0 31 0o 1 4 0 5 0 0 0
40> 7 18 19 8 52 0 0 0 0 O 0 0 0 0 O 0 0 0 O
Total 27 26 28 23 104 15 24 26 2 67 14 19 24 8 65 00 8 9 0 27

Number of days the temperature was reached.
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A27](DY—-420H, Lassele, Korea)S Z-85}0] 4079]
o] Az T 24619l Ao it Ashi= 785 (Noda —

kenin, decursin, decursinol angelate)E-4]of E-85}%It)
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un, 4.6 X 250 mn) ARSI, 0152 0.1 % 7im|ito]
=2 o EUEZS ARSI 319 -8/ (noda—
kenin, decursin, decursinol angelate)2 $HFXIS At A A
=823 (Gyeongsan, Korea) CZHE JRIGLOH, FA]
A 2718 Table 29} et AHFA 23S 918} Nodakenin, de—
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100, 50, 25, 12.5, 6.25 ug/mL0] %2 %3t T HPLCEA
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Table 2. HPLC conditions applied for analysis of Angelica gigas

Wavelength 330 nm
Thermo Hypersil GOLD C18
Colume G um,yf.ﬁ x 250 mm)
v -
Flow rate 1.0 mL/min
Mobile Solvent A: 0.1% formic acid in Water
phase  Solvent B: 0.1% formic acid in Acetonitrile
Time (min) Solvent A (%) Solvent B (%)
3 80 20
8 70 30
Gradient 18 70 30
elution 19 50 50
system 40 50 50
41 10 90
45 10 90
50 80 20

X(One—way ANOVA)I} Duncun’s Multiple Range Test
(DMRT) & 2] 5% (p  0,05) 0.2 HF3t3lom, 245
H|oE] 2 HatA] + EFHAH(means + SD)E YERHSIAL,
TE EABANS IBM Statistics 26 (IBM Corp,, New York,
USA) Z2IHE o] 85t
4 1

AE Al ER) 9] 71387 L EF 0|34

Y AS71%] 5UFE 109744 Aol -3 A E A
B 32X]0] 7|/ d-S Hat 7] 19.38T(5Y: 16.74T, 6
A: 22,227, 78: 21,207, 8¥Y: 24,867, 9¢Y: 18,297, 10¥:
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Fig. 2. Weather characteristic of 4. gigas cultivation. A: Air temperature, B: Soil temperature, C: Air humidity, D: Soil humidity, E:
Solar radiation.

Table 3. Soil chemical characteristics of 4. gigas experimental cultivation

OM* Avai. P TN* pH ECY K Ca Mg Na CEC'  Soil tvpe

(%) (mg/kg) (%) (1:5) (dS/m)  (cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) typ
Sandy

2.66 868.52 0.14 6.65 0.23 0.95 7.38 1.46 0.15 11.02 Clay
Loam

“OM: Organic matter, *Avai. P: Available phosphate, “TN: Total nitrogen, “EC: Electric conductivity, *CEC: Cation
exchange capacity.
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Table 4. Growth characteristics and rate of aerial parts of A. gigas according to experiment condition

Survival ~ Plant height Petiole Leaf Weight
Treatment .

individual (cm) Length (cm) Diameter (mm) Length (cm)  Width (cm) Fresh (g) Dry (g)
Control 20 — 18 46.85+12.96 14.94+6.02"° 6.96+2.24" 21.36+7.22" 3222+£112°  61.18+45.33" 22.69+ 13.65°
(100.00 %)  (100.00 %)  (100.00 %) (100.00 %)  (100.00 %) (100.00 %)  (100.00 %)

38.66+15.06" 15.64+731°  5.8+2.01° 20.54+9.45% 27.28+10.90°  413+42.4% 1424+1041°

BE 2T “msr0) (10469 %) (8333 %) (96.16 %) (84.67 %) (6750 %) (64.75 %)

T 20 > 1g JTSAE8O2T 1561463 574199 2118£728" 2434£732° 28192575 1168895
(80.13 %) (10448 %) (8247 %) (99.16 %) (75.45 %) 46.07 %) (51.7 %)

W0C 90 > g3 3572E6937 15225534 SS8E1TIY 18682413 24324478 2443£104" 1133£4.09°
(7624 %) (101.87 %)  (80.17 %) (8745 %) (7548 %) (39.93 %) (49.93 %)

“Values followed by different letters within a column indicate significant difference (p < 0.05) between substrates for that parameter
using DMRT(Duncan’s Multiple Range Test) (n=20, mean + SD).

Fig. 3. Growth characteristic of aerial part and root of 4. gigas according to experiment condition. A: Aerial part (Control), B: Root
(Control), C: Aerial part (28C), D: Root (28 C), E: Aerial part (34C), F: Root (34C), G: Aerial part (40TC), H: Root (40C).
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Table 5. Growth characteristics and rate of 4. gigas roots according to experiment condition

Roots
Treatment Main Lateral
Length (cm) Diameter (mm) Fresh (g) Dry (g) Length (cm)
Control 29.63 + 5.83% 2529 + 8.43° 95.12 + 66.64° 34.81 + 22.18" 8.68 + 1.87°
(100.00 %) (100.00 %) (100.00 %) (100.00 %) (100.00 %)
28C 23.19 + 6.71° 18.94 + 5.90° 66.28 £ 6936  21.14 + 21.42% 8.62 + 2.59°
(7827 %) (74.89 %) (69.68 %) (60.73 %) (99.31 %)
34C 21.78 + 5.66° 16.78 + 3.86 4620 + 31.45° 19.37 + 8.47° 10.02 + 3.33®
(73.51 %) (66.35 %) (48.57 %) (55.64 %) (115.44 %)
20 19.68 + 4.22° 15.60 + 2.69° 40.10 + 16.51° 1647 + 5.09° 10.71 + 2.52°
(66.42 %) (61.68 %) (42.16 %) (4731 %) (123.39 %)

*Values followed by different letters within a column indicate significant difference (p <0.05) between substrates for that
parameter using DMRT(Duncan’s Multiple Range Test) (n=20, mean + SD).

Table 6. Active compounds in root extracts of A. gigas according to temperature

Treatment Nodakenin (%) Decursin (%) Decursinol angelate (%) Total (%)
Control 0.43 + 0.11% 1.7 + 0.49° 1.79 + 0.5° 3.92 + 0.71°
28C 0.35 + 0.14° 1.38 + 0.56® 1.46 + 0.34° 3.19 + 0.67°
34C 0.37 = 0.10° 1.38 + 0.46™ 1.49 + 0.43® 3.24 + 0.64°
40C 0.34 + 0.11° 1.18 + 0.48 132 + 0.47° 2.84 + 0.68°

*Values followed by different letters within a column indicate significant difference (p<0.05) between substrates for that
parameter using DMRT(Duncan’s Multiple Range Test) (n=20, mean £+ SD).
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