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Abstract - This study was conducted to establish the in vitro optimal condition for seed germination and organogenesis of
wild Angelica gigas. The experiment was evaluated the effects of GAjs for pre-treatment with different periods of time (Oh,
24h, 48h, 72h) and followed the treatment of seeds by control, scarification and methanol-heating method. As a result, the
highest rates (15%) of seed germination was shown under the treatment without soaking of GAs and methanol-heating
treatment. The seed germination was highly increased 60% under the condition of treatment on ultrasonic waves (frequency
80 KHz) with methanol-heating treatment including 0.1 mg/L GA3. The highest callus induction rate was obtained from in
vitro germinated stem, root and hypocotyl on the MS medium with 1.0 mg/L NAA and 0.5 mg/L. BA. The highest
percentages of shooting (50%) and rooting (85%) induction were observed in hypocotyl and root cultured on PGRs free
medium and 0.1 mg/L NAA, respectively. In addition, somatic embryogenesis was observed from stem (1.0 mg/L 2,4-D)

and hypocotyl (0.1 mg/L NAA).
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Table 1. Effects of GA; on in vitro seed germination and contamination in 1/2 MS media

Soaking pre-treatment GAj3 concentrations

Seed treatment

Germination (%) Contamination (%)

(GA3 100 ppm) (mg/L)
0 Con 0.0+0.0d 863+44a
0 Scarification 0.0+0.0d 89.0+3.7a
Control 0 Fire 0.0+0.0d 26.6+0.8d
0.5 Con 10.6 £1.7 ab 64.6+73b
0.5 Scarification 50+£24c¢ 26.0+2.6d
0.5 Fire 15.0+4.6a 23.0+4.7d
0 Con 0.0+0.0d 87.6+6.7a
0 Scarification 0.0+£0.0d 793+ 123 ab

24h 0 Fire 0.0+0.0d 433+132c
0.5 Con 0.0+0.0d 63.0+5.6b

0.5 Scarification 0.0£0.0d 76.6+5.6 ab
0.5 Fire 0.0+0.0d 26.6+3.2d

0 Con 0.0+0.0d 440+163¢
0 Scarification 1.6+0.8¢ 263+8.1d
4%h 0 Fire 0.0+0.0d 23.6+3.8d
0.5 Con 0.0+0.0d 63.3+7.6b

0.5 Scarification 33+£15¢ 80.3+3.9ab
0.5 Fire 0.0+0.0d 21.6+294d

0 Con 11.2+1.2ab 76.6 £4.6 ab

0 Scarification 0.0+0.0d 73.6+3.5ab
o 0 Fire 56+28¢ 25.6+5.8d
0.5 Con 1.6+0.8¢ 61.3+£89b
0.5 Scarification 6.6+22c 23.6+6.1d
0.5 Fire 6.6+1.7c¢ 18.6+2.2d

Values are means + standard error.

Mean values followed by the same letter do not differ significantly according to Duncan's multiple range test at P=0.05.
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Table 2. Effects of PGRs (plant growth regulators) on seed germination and contamination under in vitro condition on

1/2 MS media mount

PGRs Concentrations (mg/L) Seed treatment Germination (%) Contamination (%)
0 Fire 30.3+£3.0¢c 254+1.5b
Control 0 Ultra 37+18f 20.7+3.7¢
0 Fire + Ultra 00+00g 173+43 cd
0.1 Fire 11.0+2.0e 25.0+3.5ab
0.1 Ultra 202+2.7d 17.7+£2.1cd
0.1 Fire + Ultra 00+0.0g 15.6+1.7d
0.5 Fire 51+15f 243+2.4bc
0.5 Ultra 14.6+£2.4de 254+39b
DZ 0.5 Fire + Ultra 48.8+3.8b 10.1+2.1e
1.0 Fire 00+0.0g 224+39c¢
1.0 Ultra 14.7+2.4de 20.1+19¢
1.0 Fire + Ultra 00+0.0g 13.7+2.1d
5.0 Fire 50+09f 308+29a
5.0 Ultra 00+0.0g 220+2.8¢
5.0 Fire + Ultra 21+0.7f 15.1+£2.7 cd
0.1 Fire 284463 cd 227+ 1.4c
0.1 Ultra 13.2+29de 25.7+2.7ab
0.1 Fire + Ultra 28.5+52cd 10.8+2.1e
0.5 Fire 18.8+3.0d 23.4+3.7bc
0.5 Ultra 279+74cd 21.5+1.7¢
BA 0.5 Fire + Ultra 105+12e 14.0+14d
1.0 Fire 17.1+4.3 de 214+38¢
1.0 Ultra 53+£20f 234+ 14bc
1.0 Fire + Ultra 28.5+4.7cd 13.7£09d
5.0 Fire 8.6+£24f 27.8+49b
5.0 Ultra 11.0+24e 23.7+34c
5.0 Fire + Ultra 20.5+3.2d 151+1.4cd
0.1 Fire 29+14f 23.4+0.8 be
0.1 Ultra 1.8+£09f 12.7+1.7 de
0.1 Fire + Ultra 60.0+£0.7a II.1+12e
0.5 Fire 0.0+£0.0g 29.7+48a
0.5 Ultra 14.6+0.5 de 21.1+1.7¢
GA3 0.5 Fire + Ultra 279+4.4cd 120+ 1.9de
1.0 Fire 129+1.2e 214+19¢
1.0 Ultra 00+0.0g 21.5+24¢
1.0 Fire + Ultra 272+2.0cd 104+1.1e
5.0 Fire 1.7¢1.0f 26.7+2.8 ab
5.0 Ultra 1.8£1.1f 200£1.1¢
5.0 Fire + Ultra 00+0.0g 9.7+0.7f

Values are means + standard error.

Mean values followed by the same letter do not differ significantly according to Duncan's multiple range test at P = 0.05.
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Fig. 1. In vitro organ formation of Angelica gigas.

(A) In vitro callus and root formation from stem on MS medium
with 0.5 mg/L NAA, (B) callus, root and shoot formation from
root on MS medium 0.1 mg/L NAA, (C) callus and root
formation from cotyledon on MS medium with 1.0 mg/L NAA
and 0.5 mg/L BA. (D) callus, root and shoot formation from
hypocotyl on basal MS medium.

Table 3. Effect of PGRs on in vitro organ formation from stem explant on MS media

PGRs Concentrations Callus formation Root formation Root
(mg/L) (%) (%) No. Length (cm)
Control 0 0.0+0.0d 0.0+£00e 0.0+£0.0d 0.0£0.0d
0.1 86.7+133a 30.0+12.5¢ 3.8+0.6bc 0.6+0.1¢c
24D 0.5* 80.0+t16.5a 0.0+£00e 0.0+£0.0d 0.0£0.0d
’ 1.0 883+28a 00+00e 0.0+0.0d 0.0+£0.0d
5.0 30.0+10.7 ¢ 0.0+£00e 0.0+0.0d 0.0£0.0d
0.1 60.0+12.2b 65.0+12.5ab 26+04c 1.6+0.1 ab
NAA 0.5 86.7+6.7a 86.7+6.7a 6.8+t12a 2.1£02a
1.0 90.0+7.5a 750+7.8a 42+0.7b 1.2+0.1bc
5.0 90.0+7.5a 50.0+15.4b 5.1+09b 1.1£0.1bc
2,4-D 1.0 + TDZ 0.01 94.1+45a 3.1+1.5d 1.0+02c¢ 0.5+0.1c¢c
NAA 1.0 + BA 0.5 100+0.0a 85.0+45a 71+0.7a 26+02a

*Embryogenic callus formation occurred on the medium.
Values are means + standard error.

Mean values followed by the same letter do not differ significantly according to Duncan's multiple range test at P = 0.05.
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Table 4. Effect of PGRs on in vitro organ formation from root explant on MS media

Shoot Root
Concentrations Callus formation - -

PGRs (mg/L) %) Formation Length Formation No. Length

(7o) (cm) (%) (cm)
Control 0 286+142¢ 0.0+£00c 00+0.0c 0.0+0.0d 455+85c¢c 24+0.6c 22+0.6b
0.1 100+£0.0a 134+13a 25+05ab 1.7+04a 643+86b 44+06bc 2.9+0.5a
24D 0.5 929+72a 72+£24b 3.1+0.7a 05£01c 167+£15d 1.0£0.1c 0.6+0.2c
1.0 929+72a 0.0£0.0c 00+00c 00+00d 0.0+£0.0e 00+£00d 0.0+£0.0d
5.0 77.8+122ab 0.0+00c 0.0+00c 0.0+0.0d 11.8+0.7d 1.0+£02c 0.8+0.3c
0.1 93.8+6.2a 63+25b 3.1+0.7a 23+05a 100+0.0a 11.1+2.7a 3.1£0.9a
NAA 0.5 100£0.0a 0.0+0.0c 00+00c 0.0+0.0d 857+72a 102+1.6a 1.8+0.2b
1.0 100+£0.0a 13.7+43a 23+£04b 09+03bc 77.8+11.1ab 7.5+1.2b 1.9+0.1b
5.0 100+0.0a 0.0+0.0c 00+00c 0.0+00d 669+10.7b 6.7+23b 0.7+0.1c
2,4-D 1.0 + TDZ 0.01 90.1+1.7a 0.0+0.0c 00+00c 0.0+0.0d 45+08d 4.0+14bc 1.0+£0.1bc
NAA 1.0 + BA 0.5 100+0.0a 63+25b 3.0+03a 12+03b 834+89a 106+24a 2.7+0.8ab

Values are means + standard error.

Mean values followed by the same letter do not differ significantly according to Duncan's multiple range test at P=0.05.

Table 5. Effect of PGRs on in vitro organ formation from cotyledon explant on MS media

PGRs Concentrations Callus formation Root formation Root

(mg/L) (%) (%) No. Length (cm)

Control 0 0.0+£0.0d 00+0.0c 00+0.0¢ 0.0+0.0b
0.1 63+14c 0.0+0.0c 00+0.0c¢ 0.0+0.0b

24D 0.5 84+34c 0.0+0.0c 00+0.0¢ 0.0+0.0b
1.0 0.0+£0.0d 0.0+£0.0c 00+00c¢ 0.0+0.0b

5.0 85+29c¢ 0.0+0.0c 0.0+£0.0c¢ 0.0+£0.0b

0.1 0.0+£0.0d 0.0+0.0c 00+00¢ 0.0+0.0b

0.5 11.1£4.5bc 11.1+£3.4b 9.0+2.1a 0.8+02a

NAA 1.0 11.8+3.5bc 11.8+1.8b 35+1.2b 07+0.1a
5.0 16.7+4.3b 11.1+3.4b 95+34a 08+02a

2,4-D 1.0 + TDZ 0.01 11.0+2.4bc 0.0+0.0c 00+00¢ 0.0+0.0b
NAA 1.0 + BA 0.5 66.7+4.6a 292+32a 53+19ab 0.4+0.1ab

Values are means + standard error.

Mean values followed by the same lefter do not differ significantly according to Duncan's multiple range test at P=0.05.
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Table 6. Effect of PGRs on in vitro organ formation from hypocotyl explant on MS media

) ) Shoot Root
PGRs Concentrations Callus formation Formation Length Formation Length
(mg/L) (%0) No. No.
(%%0) (cm) (%) (cm)
Control 0 94.0+2.4 ab 50.0£2.1b 3.5+05a 2.1+03a 580+74b 5.6+1.6a 56+12a
0.1 100£0.0a 186+t4.1c 3.0+06ab 1.1+£03ab 63+2.1c 1.0£0.1c¢ 0.7+02c
24D 0.5 100£0.0a 16.7£43¢ 15+04bc 0.6+£04b 0.0+0.0d 0.0+£0.0d 0.0+0.0d
1.0 83.2+49b 0.0+0.0e 0.0+£00d 00+£00c 00+00d 00+£0.0d 0.0+0.0d
5.0 83.2+53b 0.0+0.0e 0.0+£0.0d 00+£00c 00+00d 00£0.0d 0.0+0.0d
0.1* 100£0.0a 143+74c¢ 40£12a 09+15ab 929+7.1a 3.5+09b 27+02b
NAA 0.5 91.0+24ab 41.7+£55b 13+01c 1.0+05ab 92.7+43a 40=+1.1ab 1.2+0.1bc
1.0 100£0.0a 83+27cd 13+03c¢c 20+08a 66.7+45b 25+03b 0.5+0.1c
5.0 100+0.0a 124+33¢ 20+07b 1.1+04ab 643+52b 45+1.1ab 0.6+0.1¢c
2,4-D 1.0 + TDZ 0.01 100£0.0a 125+41¢ 1.0£02c¢ 04+£02b 125+3.1¢ 1.0£04c 03+0.1cd
NAA 1.0 + BA 0.5 962+1.2ab 854+72a 20+0.6b 1.1£03ab 750+7.1b 34+09b 13+0.4bc

*Embryogenic callus formation occurred on the medium.
Values are means + standard error.

Mean values followed by the same lefter do not differ significantly according to Duncan's multiple range test at P=0.05.
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Fig. 2. In vitro somatic embryogenesis of Angelica gigas.

(A) somatic embryogenesis (arrow) formation from hypocotyl
on MS medium with 0.1 mg/L NAA, (B) somatic embryogenesis
(arrow) formation from stem on MS medium with 1.0 mg/L
2,4-D, (C) somatic embryo germination on basal MS media, (D)
plantlet formation on basal MS medium, (E) regenerated plant
from embryo after 2 month culture and (F) soil acclimatization
after 1 month transfer.
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