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Abstract. This study confirmed the effects of seed shape, temperature, and light treatment on the germination of eight
species of medicinal crops to produce high-value crops in vertical farms. Eight species of medicinal seeds were
selected, and the seed shape, seed length, seed width, seed length/width ratio, and one hundred seed weight were
measured. The seed moisture content was confirmed. Eight species of medicinal seeds were sown, and the germination
rate, germination energy, mean daily germination, and mean germination time were investigated according to
temperature (15, 20,25, 25/15°C) and light treatment. Each of the eight medicinal seeds showed different seed shapes.
The moisture content of the seeds showed a moisture content rate of over 20% in the five medicinal seeds. Medicinal
seeds that showed a germination rate of over 50% were Angelica gigas Nakai, Codonopsis lanceolata (Siebold &
Zucc.) Benth. & Hook.f. ex Trautv., and Achyranthes bidentata Blume var. japonica Miq. seeds. 4. gigas seed showed
a germination rate of 67.34 + 4.38% under 25/15°C light conditions, and C. lanceolata seed showed a germination rate
of over 50% under both temperature and light treatment conditions, especially the highest germination rate of 82.67 +
1.46% under 15°C dark conditions. Peucedanum japonicum Thunb. seed showed a germination rate of 52.34 + 1.77%
under dark conditions at 20°C, and the highest germination rate was 51.67 + 3.79% under dark conditions at 15°C. The
maximum germination energy was 74.00 + 4.94% in C. lanceolata seed. The maximum mean daily germination was
14.94 + 0.15 days in P. japonicum seed. Astragalus penduliflorus Lam. var. dahuricus (DC.) X.Y.Zhu seed showed the
highest mean germination time of 34.19 +4.71. Through this study, it was determined that A. gigas, C. lanceolata, and
A. penduliflours seeds would be suitable for production in vertical farms based on the characteristics of each medicinal
seed through analysis of seed germination characteristics.
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(Luna-Maldonado 5, 2016; Kozai 5, 2019). 7|5 H3}o| wh
o} QP Aol 5k AAke) 1RO Qla) S5l vt
BAo] =olx] a1 QItiHeo 5, 2010; Lee2} Cha, 2015; Lee

5,2016). 2L Q13- 2, 374 Alo] W US| A
ﬁ’%‘l%% aff Al Aol 24 248 24dste] 75 wzke}
{]—74]%\40] ﬁ O}Z%X-]?_] Al%— xHHHa‘]— 2 ol o u:] [e] /\ U]
SO AR HoAS 29 4 tiKozai®} Niu, 2015;
Kalantari 5, 2018; SharathKumar 5, 2020; Kobayashi 5,
2022; Ji 5, 2023). E3E, gjofgo] gl Al shof A 422
o thex & AHaE Aulishs AL S5 7HAAL §lo]
(Kozai, 2018; van Delden -5, 2021; Bunge -5, 2022), 30cm

ujgbel Aol Agkslo] T WAT A% IS o 4
At Goto, 2012; Kozai®} Niu, 2015).

AR SR AIARE A 9 2 A SRS A
sk 7l s Fel BAS fﬂiﬂ -é#’ﬂolﬂﬂ(imﬂr
You, 2013). T1%7]0] 5454 T2l AFELS e Ao
Oﬂ /\-] _73_]%0" o]:.Q.z]—Eo]Q— 7] =4 AE J__r7]-7]-;<] _/,\_xH
of| thgt A7} =g =| L °“’4(Zobayed 2020). oFg-2H=<l
Crepidiastrum denticulatum®] 23733} 7154 S412 93
S O A B 202 At 7RsslekBae 5,
2017). 2L} OFRRME-S- 3515} oA O] AlEE0 22} &
#o] 7jolo} Zlojol| ofa| FA} WoLEAo] ThE 2= 9
(Baskin¥} Baskin, 1998; Nikolaeva, 1999), 274 ZA(& 5,
HE W W WY AEdAE B4 dole] o
(Satendra %, 2016). T3 ujjQ] nj&, £u|o] BEE4A] &
FEBA| £ 5 B4 RS ARISH 2018 ) e}
1A Urehck(Baskin} Baskin, 1998). whabA], 2He-0] 422]
22 ol ul op A o] AARS- 98l &84 Q] 2} o} =7
S 5= Ao] IR st Merritt 5, 2007).

AT 2RO 171 A0 oG A B )
Hlst] 91 71 A AFstct okgae] S el

31 S5z, 7 Aelo] ke 7} wolo] v x|z ol vhet 4
= Seasioich. Wb, 5 5ol Aol E83] ok
AL S 25 712402 4 efe] 5
84091 - Agsha 1 17 AAshsict

HN
i)

Mz o

. M8 X2 W EX 54
AS AMa2= A=2(Glyeyrrhiza uralensis Fisch. ex DC.,

Danong Seed Co., Ltd., Namyangju, Korea), 25 *HSenna
tora (L.) Roxb., Aram Seed Co., Ltd., Seoul, Korea], B
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(G, Angelica gigas Nakai, Sungwoo Seed Co., Ltd.,
Seoul, Korea), BJE[Codonopsis lanceolata (Siebold & Zucc.)
Benth. & Hook.f. ex Trautv., Dongwonnongsan Seed Co.,

Ltd.,, Yongin, Korea], 2UWEW7|SUE, Peucedanum
Jjaponicum Thunb., Dongwonnongsan Seed Co., Ltd.,
Yongin, Korea), Q733 [Cirsium japonicum Fisch. ex DC.
var. maackii (Maxim.) Matsum., Aram Seed Co., Ltd.,
Seoul, Korea], $&(4|5-5, Achyranthes bidentata Blume
var. japonica Miq., Aram Seed Co., Ltd., Seoul, Korea) 2!
3V7)[Astragalus penduliflorus Lam. var. dahuricus (DC.)
X.Y.Zhu, Sungwoo Seed Co., Ltd., Seoul, Korea] 2 % 8%
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U4 (mean daily germination), 4+ 2Fo} £ = (mean germi-
nation time)E o}g9] Aoz AAFIATH Choi 5, 2019;
Hwang 5, 2023).

Germination rate = (N/S) x 100
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Table 1. Seed characteristics of 8 species of medicinal seeds.
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o7} 2| &= A 0 & 24 X7} etof] S2BEgkeFo] 20% o)A
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Scientific name Length (mm) Width (mm)  Length/width ratio ~ Weight (g)*
Glycyrrhiza uralensis Fisch. ex DC. 3.17 £ 0.16” 2.69 + 0.18 1.18 + 0.02 1.03 + 0.04
Senna tora (L.) Roxb. 4.60 + 0.27 2.26 + 0.26 2.13 = 0.26 1.56 + 0.03
Angelica gigas Nakai 551 +£023 1.48 £ 0.07 3.73 £ 0.17 0.23 + 0.01
Codonopsis lanceolata (Siebold & Zucc.) Benth. & Hook f. ex Trautv. 2.88 + 0.10 1.64 + 0.04 1.75 + 0.06 0.18 + 0.00
Peucedanum japonicum Thunb. 493 + 038 253 £ 0.12 1.96 + 0.15 0.43 + 0.01
Cirsium japonicum Fisch. ex DC. var. maackii (Maxim.) Matsum. 3.77 £ 020 1.52 £ 0.03 249 £ 0.10 0.18 + 0.00
Achyranthes bidentata Blume var. japonica Miq. 440 £ 0.06 1.24 + 0.05 3.56 + 0.13 0.27 + 0.00
Astragalus penduliflorus Lam. var. dahuricus (DC.) X.Y.Zhu 323 + 0.10 2.61 £ 0.10 1.24 + 0.04 0.59 + 0.02
“Weight of 100 seeds.

YMean + SD (Length, width, and length/width ratio represent three replications. Weight represents five replications.).
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Fig. 1. Moisture content of 8 species of medicinal seeds (n=3). A: Glycyrrhiza uralensis Fisch. ex DC., B: Senna tora (L.) Roxb., C: Angelica gigas
Nakai, D: Codonopsis lanceolata (Siebold & Zucc.) Benth. & Hook.f. ex Trautv., E: Peucedanum japonicum Thunb., F: Cirsium japonicum Fisch.
ex DC. var. maackii (Maxim.) Matsum., G: Achyranthes bidentata Blume var. japonica Miq., and H: Astragalus penduliflorus Lam. var. dahuricus

(DC.) X.Y.Zhu.
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Fig. 2. The germination rate of 8 species of medicinal seeds at the 18-day (n=3). A: Glycyrrhiza uralensis Fisch. ex DC., B: Senna tora (L.) Roxb.,
C: Angelica gigas Nakai, D: Codonopsis lanceolata (Siebold & Zucc.) Benth. & Hook.f. ex Trautv., E: Peucedanum japonicum Thunb., F: Cirsium
Japonicum Fisch. ex DC. var. maackii (Maxim.) Matsum., G: Achyranthes bidentata Blume var. japonica Miq., and H: Astragalus penduliflorus
Lam. var. dahuricus (DC.) X.Y.Zhu.
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F 9 BT = 27 24.4%(3F 27) D 50% oA =
7)o wole-S B thLee 5, 2014; Madakadze 5, 1993).
FH TR A= F 2 oF 2R ot F st
Th= 237t HalEo)(Yu 5, 1995), & A7-9] Axtel 4]
Shoick G, B AT AT25/15°C, Heh 67.34%) ) 2]
A HA(Angelica acutiloba Kitagawa)= 20°Coj|A] Z|oj
99.5%9] Hrohg-8 1tk Lee 5, 2019). 3k 3] FAl
25°Coj|A] 80% 2] Ho&-S- X 1 31(Choi 5, 2013), &o} &
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R ol7} Qg 410 2 1 51| 9Iek(Kim 5 2001). 91
AR o] AT EfE 2 ATl ARG FAH A
234} ol A WA, FH0) F F) Ao 2 Qlsfo] W
T8 ol R Aolat 23S 1l 02 W)

3. 2= & & X0 mE LotM|, B Lot U H
HH wot 55

25 9l 3 Ao whg of8-2kE 85| FAL oA, Hat

dro} Q4= 9l ot ot &ie = 5 9l A 2o whel oh2 A et

W THTable 2-4). 315 59U Ajof| LopA| S 247 23},

Table 2. Germination energy of 8 species of medicinal seeds under light conditions and different temperatures.

Treatments Glycyrrhl.'za Serma tora (L) Angelica gigas Codonopsis P?ucedflnum .Cirsi.um Acljgyranlhes Astragalus
uralensis ) lanceolata Japonicum Japonicum bidentata  penduliflorus
Light - Temperature (7o) Fisch. Roxb. Nakai ex Trautv. Thunb. Fish. Blume Lam.
15 19.00 = 3.61 2.67 £089¢  067+034b 63.00+058b 000+000b 1.67=+034b 390045 4634+ 657
Light 20 23.67 £ 1.67 9.00 = 1.74 cd  6.67 £ 1.77 ab 67.34 + 467 ab 534 £ 121 ab 6.67 £ 0.34 ab 41.67 + 2.67 40.00 + 2.52
25 24.00 + 3.61 1934 + 297 a 6.00 £ 2.09 ab 6534 + 034 ab 10.00 = 3.79 a 10.00 £ 400 a 3934 + 3.53 3734 + 6.89
25/15 25.00 £ 231 11.67 £ 273 bc  7.67 £ 426 ab 66.00 = 1.53 ab 034 £ 034 b 867 £ 1.77 ab 40.00 + 6.66 47.67 + 4.85
15 1834 + 034 46.67 + 1.77 ¢ 000=0.00b 7334+08 a 26708 b 200=+100b 4667 +59 167+ 034
Dark 20 2334 £ 134 4434 £ 203 de 334+ 089 ab 6834 + 1.86 ab 5.67 £ 0.67a 734+ 0.89 ab 4534 + 134 7.67 + 2.19
25 25.67 £ 406 4634 £ 579 ab  4.67 = 0.89 ab 66.34 + 3.72 ab 16.34 £ 2.61 ab 11.67 = 241 a 4634 + 339 567 + 1.46
25/15 2434 + 438 4234 + 675 bc 1034 £+ 449 a 7400 £+ 494 a 1267+ 089 b 1134 £339a 4867 +219 167 + 121
Significance®
Light (L) NS NS NS * NS NS * NS
Temperature (T) NS ok ok NS ok ok NS NS
LxT NS NS NS NS NS NS NS NS

“The data indicate the mean + S.E. (n = 3).

Y Statistically significant differences are indicated at p < 0.05 by Duncan’s test.

*Different letters indicate a significant difference by Duncan’s multiple range test at *p < 0.05, **p < 0.01, and ***p < 0.001. NS: not significant.

Table 3. Mean daily germination of 8 species of medicinal seeds under light conditions and different temperatures.

Treatments Glycyrrh{'za Senna tora (L) Angelica gigas Codonopsis P.euced.anum .Cirsi.um Ac@zranthes Astmgalus
uralensis 3 lanceolata Japonicum Japonicum bidentata penduliflorus
Light Temperature (%0) Fisch. Roxb. Nakai ex Trautv. Thunb. Fish. Blume Lam.
15 6.19 £ 026" ab” 940 + 264 a 1371 £ 039 749 +£0.11a 1494 +0.15a 1292+ 031 a 734+015a 285+022a
Light 20 529 + 0.88 bc 545+ 0.64 ab 12.67 + 0.81 6.07 =008 ¢ 12.84 £0.10de 886+ 0.17c 474+ 022b 2.11 + 0.22 be
25 338+£060d 425+038ab 1275+0.52 571 +£011d 1214 +044 ef 617 +023 ¢ 402+ 0.18 cd 1.79 + 0.16 ¢
25/15 449 + 0.63 bed 587 £ 0.71 ab 1245 £ 045 640 £ 0.11 bc 1327 £0.28 cd 7.41 £ 0.42 de 4.28 £ 0.21 bed 1.90 + 0.16 ¢
15 761 £034a 626+348ab 1299 +0.19 665+0.11b 1432+029ab 11.55+020b 7.17 + 021 a 2.61 £ 0.11 ab
Dark 20 450 £ 0.58 bed 6.70 = 1.00 ab  12.89 £ 0.19 536 +0.12 e 1192+ 036 f 7.68 + 0.50 d 4.49 + 0.11 bc 2.08 + 0.19 be
25 397040 cd 323 +£059b 1221 £ 030 528 +0.11e 1239+ 020 ef 6.15+ 058 ¢ 3.80+024d 190+ 0.18 ¢
25/15 5.06 + 0.64 bed 4.36 £ 0.50 ab 12.30 + 0.56 623 £0.13 ¢ 13.78+020bc 620+ 049 e 465+ 002b 173 +0.11c¢
Significance®
Light (L) NS NS NS ok NS ok NS NS
Temperature (T) Hokesk NS NS Hokesk ek kkesk kkesk Aok
LxT NS NS NS * NS NS NS NS

“The data indicate the mean + S.E. (n = 3).

YStatistically significant differences are indicated at p < 0.05 by Duncan’s test.

*Different letters indicate a significant difference by Duncan’s multiple range test at *p < 0.05, **p < 0.01, and ***p < 0.001. NS: not significant.
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Table 4. Mean germination time of 8 species of medicinal seeds under light conditions and different temperatures.

Treatments Glycyrrhl.'za Senma tora (L) Angelica gigas Codonopsis P?ucedfznum .Cirsi.um Aclfg/ranthes Astragalus
uralensis lanceolata Jjaponicum Jjaponicum bidentata penduliflorus

Light ~ Temperature (%) Fisch. Roxb. Nakai ex Trautv. Thunb. Fish. Blume Lam.
15 593+ 130°b 076 +023b 226+032cd 1122 £ 025 ¢ 3.07+£030bc 078 £ 006 b 644 + 064 ¢ 2193 + 2.71

Light 20 1071 £+ 211 a 399+ 147b 239+0.09cd 1391 £0.84 ab 3.05 £ 0.25 bc 1.70 + 021 ab 11.26 £ 0.59 ab 26.38 + 3.65
25 1343 + 148 a 1230+240a 279 +£033 ¢ 1335+£023ab 444 £ 0.08 a 195+ 078 ab 13.15+ 1.71 a 2793 + 476
25/15 1202 + 078 a 537+ 170 b 567 £ 020 a 1286+ 0.63 bc 2.97 + 0.17 bc 2.22 + 047 ab 11.53 £ 2.11 ab 34.19 + 4.71
15 545+038b 134+£063b 143 +0.13d 13.00+035bc 3.79 + 085 ab 083 £0.10b 759+ 0.76 bc 23.93 + 1.42

Dark 20 9.19 £ 144 ab 228 +0.19b 161 £046d 1536 £ 0.56 a 461 +£022a 1.54+0.15ab 11.39+026ab 29.56 + 2.94
25 1390 +203a 999+215a 1.70 £ 031 d 1442+080ab 1.99 £ 027 c 3.05+052a 1520+ 1.75a 3258 + 6.20
25/15 1215+ 1.73a 542+029b 438 +£053b 1460+ 1.00ab 3.12 £ 0.18 bc 3.05 + 0.81 a 12.82 £ 0.28 a 31.26 + 541

Significance™

Light (L) NS NS wohkx ok NS NS NS NS

Temperature (T) sk ks sk *3% NS sk Aok NS

LxT NS NS NS NS ok NS NS NS

“The data indicate the mean + S.E. (n = 3).

YStatistically significant differences are indicated at p < 0.05 by Duncan’s test.

*Different letters indicate a significant difference by Duncan’s multiple range test at **p < 0.01 and ***p < 0.001. NS: not significant.
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