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ABSTRACT

Background: The purpose of this study was to evaluate methods to reduce seeding expenses, thereby increasing farm income. This
study investigated the effects of rain shelter controlled cultivation and adapted seeding times on the stable seed production of Scutel-
laria baicalensis Georgi.

Methods and Results: Seed germination was conducted under 10 condition compose to control, water washing, cold storage at
4°C for 15 days, seed sterilization with a benomyl pesticides, hormone treated seed by submerging in 100 ppm GA; with the cold
storage at 20°C and 25°C, darkness in a covered petridish and illuminated with a 1,500 Lux lamp. There were three cultivation type,
open cultivation with non-woven fabric mulching, cultivation with a vinyl covering and rain sheltered in a plastic greenhouse. Sow-
ing dates were April 27, May 18, June 7 and June 28, 2013. Plants were spaced 10 cm apart in rows 30 cm apart. Mixed oil cake fer-
tilizer, N-P,05-K,0 (12-10-10) was applied at 600 kg - 10 a™

Conclusions: Optimum germination occured in darkness at 25C and cold storage after submerging in GA;. The highest seed yields
(4.5 kg - 10 a™") occurred in the plastic greenhouse for the April 25 sowing. The highest root yield (17%) was found on April 1,
under greenhouse conditions.
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AEES a9 F4E ook AEEH] 2 Utk &
Ao A8 baicalin 32 Wako pure chemical Ltd.

(Osaka, Japan)ZH-E] TY3FA3L 558 phosphoric acid =
GR¥ 2= Sigma-Aldrich (St. Louis, MO, USA), HPLC
A4 9 F& 8|2 AR acetonitrile (CH;CN), distilled
water (H,O), methanol (CH;OH)2 HPLCH 2. Z Sigma-
Aldrich (St. Louis, MO, USA)YS AR&3I.om ARR3EH 7]7]
A% A =ZZrETEy] (HPLC, Aglient 1260 series,
Aglient Technologies, Santa clara, CA, USA), UA&%
spectrophotometer (UV 1600 PC, Shimadzu, Tokyo, Japan),
HE7] (150 rppm, HY-HS11, Hanyang Science, Seoul, Korea),
3| AR F5=7] (EYELA N-1100, EYELA, Tokyo, Japan)S
ARE-8F3ITE.
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32 (Scutellaria baicalensis Georgi) EAF2] Wol7|7t &
W, ¢x21s st 3Nke-S AES A3 Table 13 2
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U7 o, wolg 9 ol AQYpE HERAE
E227F 2H2F 05-09, 22-6.5%, 0.5-0.6Y, A2
19 ZFzF 0.7-09, 18.6-24.7%, 0.5-0.62, A3 22
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L2 2
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£ Bk ¢, A2k S Hlste] A s stA
U £3 GA; FAA sl 4T Ao 1587 WA E 7
F Wolg3} ol A9 s RN 42 13.6 -20.2%,
63-704% WolE-LS 343-36.5%, 34.4-373%, Lo} 28
APE 2.5-2.7Y, 2.3 - 2.7 AARE AR = Wolgo]
15.8-26.7%° ¥l Z}7z} 54.9-59.0%, 60.9-65.3%Y =
7V =kar, ol AQUgE 5.8-64Y00 BIE| 22t 24-
2,64, 2.5-284% 7P BolA= Aol
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15.8%, 6.4-7.04, FAIXEINA 2+2F 45-52, 194- 38.0%,
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7t Ao o S & AW Aok 7247t 53 -5.8,
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059, 0.6¥ ALz T=HUL 25C =2 FALE 2
GAA A2y AHelx2ddA d=xzlo] Wxng 747}
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Table 1. Germination characteristics on temperatures and cold storage in Scutellaria baicalensis Georgi.

20C 25T
Treatment A 5 c e By o
Control" 4.3% 15.8¢ 6.4° 4.7 26.7¢ 5.8°
Water washing 5.2¢ 38.0°¢ 5.3 5.9¢ 51.4° 4.7°
Dark  Cold storage 5.5 69.5° 4.9 6.6 84.7° 4.2
Cold storage + Seed sterilizing 5.8 70.7% 4.0 7.1%® 87.6% 3.3«
Cold storage + GA; submerging 6.2° 74.8° 3.8¢ 7.5 92.0° 3.04
Control” 3.44 13.64 7.0° 4.2 20.2¢ 6.3
Water washing 4.5 19.4¢ 5.9 5.0 26.7¢ 5.2°
Light ~ Cold storage 4.9¢ 43.5° 5.4¢ 5.6 52.4° 4.8
Cold storage + Seed sterilizing 5.3 47.9® 4.6% 6.0 54.6% 3.8
Cold storage + GA; submerging 5.5° 50.1° 4.34 6.3 57.5° 3.64

*Mean values from triplicate separated experiments are shown. Means within a column followed by the same letters are not significantly different
based on DMRT test (p < 0.05). Germination characteristics of seed investigated 25 August 2012. Control; storaged seeds at room temperature,
2A; power of germination, ¥B; germination percentage, “C; required day for germination.
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Table 2. General weather conditions in period of cultivation of in Scutellaria baicalensis Georgi.

Average temp. Maximum temp. Minimum temp. Hours of sunlight Amount of rainfall
Monthly (0 (0 (0 (hn) (mm)
PY AY PY AY PY AY PY AY PY AY
EM 10.7 11.3 17.6 17.8 4.9 5.8 86.7 68.9 23.0 21.5
April MM 13.7 13.1 20.1 19.6 7.9 7.3 73.1 71.0 8.5 31.3
LM 16.4 15.1 22.5 21.5 10.7 9.4 66.1 72.9 51.0 26.1
EM 19.9 171 27.2 23.2 14.8 11.6 88.4 69.7 26.0 39.2
May MM 18.0 17.9 23.4 23.7 13.6 12.7 68.3 69.3 16.5 35.9
LM 22.0 19.8 28.7 25.8 16.3 14.6 98.8 83.1 0.1 24.7
Mean 16.8 15.7 233 21.9 1.4 102 4814 4349 1251 1787
(Apr-May)
EM 22.7 21.5 28.8 27.3 18.3 16.6 64.4 69.9 6.1 35.9
June MM 23.1 22.6 28.8 27.8 19.3 18.3 61.6 59.1 54.9 43.4
LM 24.3 23.1 29.7 27.4 20.2 19.8 58.7 40.7 22.1 104.5
EM 24.4 24.3 29.0 28.3 21.4 21.4 36.5 40.1 92.5 103.3
July MM 25.6 25.4 28.9 29.3 22.9 22.4 17.4 41.9 238.1 127.3
LM 29.0 26.8 34.1 31.1 25.1 23.7 106.3 64.2 0.0 76.7
EM 29.4 271 34.6 31.7 25.2 23.7 86.8 63.7 58.0 80.1
Aug MM 28.0 25.5 31.6 30.9 253 23.3 51.7 51.8 93.0 112.6
LM 25.6 25.2 293 29.6 22.7 21.7 44.2 57.4 322.5 1011
Mean
(June-Aug. 25.8 24.6 30.5 29.3 22.3 21.2 527.6 488.8 887.2 784.9
EM 23.2 23.8 28.3 28.4 19.2 20.2 72.7 53.0 137.0 61.4
Sep MM 20.8 21.8 24.7 26.9 17.9 17.8 43.4 58.2 135.0 55.9
LM 20.0 20.0 25.7 25.4 15.7 15.5 85.0 61.5 0.0 30.9
EM 18.4 17.8 24.6 23.8 13.8 13.0 82.5 66.9 20.2 39.2
Oct MM 15.3 16.1 22.4 221 9.7 11.1 82.7 65.6 0.3 12.3
LM 14.6 13.6 19.9 19.6 9.2 8.6 74.2 72.3 82.5 16.9
Mean, Total 21.2 20.4 26.7 25.8 16.9 16.1 14495 1,301.2 13873 1,180.2

EM; Early of Month, MM; Middle of Month, LM; Late of Month, PY; Present Year, AY; Average Year.

I} WE ol A9 AFE BT

wEba] FAAEEAE S} GAHA A g A WA A
o582 20C 5 T8 14.7%5t} 25T 504 44.6-
47.8% =R, HEA 13.6%ET A Wolg-e 571 -
61.2% =opom T2 st Fajol H|sle] A} AmA ]}
GA; A Az|et A2 7oA Wol &84+ 20C &
FoA 679K} 24-26Y, 25C FFA 619K 25-
2.8%, HEAMA 63URT} 2.5-2.7Y, dFANAM 58K}
25-28UAER WEE] FAe] Wol ke 25C7F AHs
Ak ool Axs FFsl] B FFEAE s ol
AI717] flElA] FAAEFS 2 223417 FAEAL, GA,
100 ppm 1A17F FA8 5 1597F WA & ok 25T
F3AS A7 fElgk 24000 = TAE A A
AU GA; TARA Al thaoll AL W3], d=x
oA wolgo] =g Wokh g UGt Fol wolel] A3tsh

202 Q3| hdold TAR FHHNCH, ToleS

A7171 f18te] A AAAZ AU GA; FAAE - 4T
A 157 WA R vy dseldle W A Jlem
A=At ole} 2 HollA E w bty FAe] ol
A AL WAAEE 3 20-25C &x=Ag 240] Wolgo]
TS, ol 28 U9 Boltiths B3t dvke 7159 B
3. (Ahn et al, 2012; Cho and Kim, 1993; Kim et al.,
1995, 2001, 2012; Lee et al., 2013; Park et al, 1998)%}
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Table 3. Effects of different sowing date, open and rain sheltered cultivation on the seed production characteristics in Scutellaria baicalensis Georgj.

Treatment Flowering Length. of No. of No. of Maturity

Cultivation Sowing time floral sten.w (cn) floral stem floral axes time
type date (month.date) (ea/plant) (ea/plant) (month.date)
ivati April 25 7.13%® 23.0° 15.8° 43.2b 9.28%"

O?ﬁ? E“rit('j"a;'on May 16 7.20° 21.5° 15.6" 40.2¢ 9.31b
A June 7 7.22¢ 18.5¢ 14.0¢ 38.1¢ 10.6
mulching) June 27 7.294 15.8¢ 13.9¢ 37.7¢ 10.9¢
Mean 7.22¢ 19.7¢ 14.8° 39.8° 10.4°

April 25 7.12%® 24.1% 16.3% 43.5° 9.27%

o ivati May 16 7.18° 22.8° 15.6° 42.8° 9.29
pen cultivation June 7 7.21° 19.9¢ 15.3¢ 39.9° 10.4
(Vinyl tunnel) J d J

June 27 7.28 16.4 15.2¢ 39.6¢ 10.7

Mean 7.20° 20.8% 15.5° 41,5 9.31°

April 25 7.10° 25.2° 17.22 45.1 9.24°

o it May 16 7.16° 24,1 16.3% 44.7° 9.27%®

ouse cultivation June 7 7.19 21.5¢ 15.8 43.9% 9.31b
(Rain shelter) J d b d
June 27 7.26° 16.6 15.4¢ 41.0% 10.5¢

Mean 7.18° 21.9¢ 16.1% 43.7% 9.29°

April 25 7.12%® 24.0® 16.4% 43.9® 9.26%

May 16 7.18° 22.7° 15.5° 42.6° 9.29
Sowing date June 7 7.21¢ 20.1 15.0 40.7¢ 10.4¢
June 27 7.28¢ 16.5¢ 14.8° 39.4¢ 10.7¢
Mean 7.20° 20.8% 15.4° 41.7% 10.1¢

*Mean values from triplicate separated experiments are shown. Means within a column followed by the same letters are not significantly different

based on DMRT test (p < 0.05).

5E 89 30 Abelell ElF (BEhl, ANhIs), 241 mn FF
S92 Qlal ¥7H SR AAE 85% Fk ISR A=A
AFE7E FEEAY AkE= et 2Ask] AEAE A
ol MYFAL HHe w2 gl e® FalvE HAa
st =5 A0 b Al 717k 713 (39 - 10
9y ¥ W diy] Bde it 7], Hal 7l 9 FHA
7)o z}z} 2047T, 258TC, 16.1CHT} zH2F 0.8C, 09T,
0.6C A=Z =Y X Al 1,301.3 A7k v]s}ke]
148.3A17F AR 73r#S 11802 nmKEth 207.1 mm7} B9o.
o, Aoz 257t #9kal dxFo] dojx FeE=
oIXE AR

2= AT} (Table 2).

=12
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4, MuiszE upEsADo] W SIS Y MBS
Al o] MEEAD 2 ASS 2 =A IfF §F
2 ZApel A AE e 74 228 2 AST)E 109 400 vls)
=2 A} v7H sk Aol s lE 2-4Y, A
S71E 4-69 A= wabhoh AuEd sk 485 =
A A FR A vlete] =] EdAflel H7H s
Aufell A 37 19.7 cmEch 1.1-23 em AYaL FF A
14870, 9 355 39.890 2ok Z2F 0.8-1.370, 1.7-3.970
BolA= e Btk e, dFA71E JskS 5L 6
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o sleol Hlsle] 69 A <59 S <49 Ske v &
o2 JslE 4-7Y, 45717 3- 119 A2 W ol
IS FEE AT EE wWE AA7E 79 10990 S A
Zste] =2 A= 7Y 28YoleH M= 7E 208 =
Ak A3 715 108 sLAEH N3 717k 78 0]
Qow FAZL 35-76cm AU FF =5 02- 1.5,
315 2 1.2-4.507F ol AV ASFe] S7H=EATH
(Table 3).
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F E225 340 Bk ZH2F 0.1-0.50, 02-0402 9k 2
R A IF FAEAEeA AAEE 753%, LolES

84.8%°l W3l =A] El'dAfulel W7k she-Aajoll A Zbzt
14-21%, 2.0-4.1%= =%o™ HHSTS 1.69-1.71g0 =
o AR 10T AT FEFS A FAE A 321 kgl
ot =2 HaAuel A 1.01 kg, ¥I7HE &2 Aufol A
0.74kg ¥ HoRAlE 43S Bty T3k vFA/E 24 &
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Table 4. Effects of different sowing date, open and rain sheltered cultivation on the amount of seed harvesting in Scutellaria baicalensis Georgj.

Treatment No. of . 1,000 Amountof  Germination
— - . d No. of seed Maturity rate dweicht  harveted seed t
Cultivation Sowing seting pod (ea/1 pod) (%) seed weig arveted see rate
type date (ea/floral axis) ® kg-10a™) (%)
o April 25 11.2% 3.7 79.4% 1.69% 4,01 88.7°0"
Open cultivation 4. 16 10.9° 3.5¢ 77.3% 167 3.41° 86.4>
Hrioh rid . . . ) ) :

. Or(]_v'f’;vgn ¥ June7 10.7¢ 3.4¢ 73.4c 1.66¢ 2.85% 83.3
mulching) June 27 10.% 3.3¢ 71.1¢ 1.65 2.59¢ 81.0¢
Mean 10.8% 3.44 75.3¢ 1.67° 3.21« 84.8°
April 25 11.6° 412 81.6° 1.73° 4,91 92.7°
o ivati May 16 11.3® 3.9 79.1% 1.71% 4.40° 90.4%®
pen cultivation . 7 11.1° 3.7% 75.6¢ 1.70% 3.9 87.3
(Vinyl tunnel) d b J
June 27 10.9¢ 3.5 73.3¢ 1.68 3.64¢ 85.0¢
Mean 11.3% 3.8 77.45¢ 1.71% 4,22 88.9"
April 25 11.3%® 3.8 81.2° 1.71% 4.62% 91.1°
H livati May 16 11.0° 3.6 78.6° 1.69% 4.17% 88.1°
ouse cultivation o c c b . c
(Rain shelten June 7 10.8 ) 3.5d 74.5 ) 1.68b 3.69 85.0 )
June 27 10.6¢ 3.4 72.5° 1.67 3.31¢ 82.7¢
Mean 10.9¢ 3.6 76.7% 1.69% 3.95% 86.8"
April 25 11.4® 3.7° 80.7% 1.70% 4.51% 90.8%
May 16 11.1° 3.6" 78.3° 1.68° 3.99 88.3°
Sowing date June 7 10.9° 3.5° 74.5° 1.67° 3.49° 85.2°
June 27 10.6% 3.44 72.3 1.66° 3.18% 82.9
Mean 11.0° 3.6 76.5% 1.68° 3.79" 86.8"

*Mean values from triplicate separated experiments are shown. Means within a column followed by the same letters are not significantly different

based on DMRT test (p < 0.05).

7 22-84%, 23-79%9% o =kon HYFE= 0.01 -
0.04 g2 2 °FF FAY AF TFS 69 sk 5 (3.18kg/
10a)l HI3l] 69 A= dEolM 10%, 59 S5 v5olA
26%, 49 SkeolX 42% Ssted A Ad S B T4
Fol F7k= AT
§H, Kim 5 (2002y2 370 w7k Apjzdels 59

= 57 s 309 F, 69 A v isk 359
o A4S W T4 s A 22F F-ede] &
WA o A7 ISl AgEel FAY el 7zt
12, 14%% Bkl BAEIit). o de] Aaellx zu]
H A4 EAS AFEHE 2] IF ARG =4 i dAf)
oF v7kg a2 A, 6Y Bkt TS Bk 59 T
7 49 ske SEFelM 7T s, 35T A 21
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Table 5. Effect of different sowing date, open and rain sheltered cultivation on the growth characteristics of aerial part in Scutellaria

baicalensis Georgj.

Treatment Appearance Stem No. of Fresh weight of
Appearance Stem length . ‘ .
Cultivation Sowing time rate (cm) diameter branches aerial part
type date (%) (mm) (ea) (g/plant)
ivati April 25 April 7 95.8" 52.4° 4.71° 11.8° 20.0°"
OF(’E’;g‘;]“rit('nget'O” May 16 April 25 94.0b 48.1¢ 438 11,7 18.7>
’ : -d b b d
HOmAWOven June 7 May 1 92'7; 44'02 4.20 10.4 17.63
fabric mulching) June 27 May 10 91.1 38.8 3.84¢ 9.8° 16.5
Mean May 8 93.4¢ 45.8% 4.25" 10.8% 18.2¢
April 25 April 6 97.3® 55.3% 4.42% 11.1% 20.8®
o ivati May 16 April 24 95.2" 50.4 4.14° 10.3 19.6
pen cultvation o 5 April 30 94.1b 46.2° 3.90" 9.7¢ 18.9%
(Vinyl tunnel) J J q J
June 27 May 8 92.0° 41.0° 3.69° 9.1° 18.1°
Mean May 6 94,7 48.2° 3.99 10.1° 19.4%¢
April 25 April 3 98.4% 61.6" 3.98" 10.3 21.6°
H ivati May 16 April 21 96.3" 56.4% 3.73¢ 9.5 20.2%
ouse cultivation o 7 April 29 95.2" 51.9b 3.50¢ 9.0% 19.6)
(Rain shelter) q q b
June 27 May 6 93.1° 46.5° 3.31 8.4 19.1%
Mean May 4 95.8" 54,1 3.55¢ 9.3« 20.2%®
April 25 April 5 97.2% 56.4% 4.37% 11.1% 20.8%
May 16 April 23 95.2° 51.6° 4.08 10.3° 19.5°
Sowing date June 7 April 30 94.0 47 .4° 3.87¢ 9.7¢ 18.7¢
June 27 May 8 92.1¢ 42,1 3.61¢ 9.1 17.9%
Mean May 6 94.6 49.4¢ 3.98" 10.1° 19.2%

*Mean values from triplicate separated experiments are shown. Means within a column followed by the same letters are not significantly different

based on DMRT test (p < 0.05).
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Table 6. Effect of different sowing date, open and rain sheltered cultivation on the root growth characteristics and root yields in Scutellaria

baicalensis Georgi.

Treatment Length Diameter of ~ Percent Root yield (kg- 10a™") Baicalin
Cultivation Sowing of main root ~ main root larger roots” Dried content
type date (CHl) (mm) (%) Fresh ratio Dl’y Index (%)

o April 25 12.6" 11.22° 67.2¢ 8130 470> 173.0* 109 12.31%
OF(’a'i‘ i“r'it('jvae“o” May 16 12.0° 10.17¢ 65.4 767 460™ 1667 105 11.84°
o 8 o June 7 11.2% 9.35% 63.2% 724 4529 16019 100 10.46%
mulching) June 27 11.0¢ 9.07¢ 61.3¢ 690? 4474 15574 98 9.03¢
Mean 11.7° 9.95° 64.3% 749° 4579 163.9° 100 10.91¢

April 25 13.8® 11.49% 70.3% 912 484® 1884 111 13.65%
o May 16 12.5° 10.57° 68.4 859" 47.7° 180.1° 107 12.78°
O(F\’ﬁ;‘y?;mfgl‘;” June 7 11.7¢ 10.04¢ 65.9° 799 468  170.8* 100 10.96%
June 27 11.2¢ 9.40< 64.8% 759° 46.0 1649 97 9.52¢

Mean 12.3 10.38" 67.4° 8320 47.2° 1761 107 11.73%
April 25 14.6° 12.18° 74.1 1,032 493*  209.3* 114 14.07°

L May 16 13.5% 10.97° 72.4% 918" 488  199.1® 109 13.25%
HC(’EZ?nCS”hlglvtztr')O“ June 7 12.7° 10.38° 69.8 886>  48.1°  184.2° 100 11.41°
June 27 12.0°¢ 9.65 68.0° 837 474> 1766 96 9.98"

Mean 13.2% 10.80° 71.1% 918% 48.4%  1923% 117 12.18%

April 25 13.7% 11.63% 70.5° 919%  482®  190.2% 114 13.34%
May 16 12.7° 10.57° 68.7° 848° 475> 182.0° 109 12.62°

Sowing date June 7 11.9° 9.92° 66.3 803 467 1717 100 10.94>
June 27 11.4% 9.37< 64.7% 762¢ 46.0  165.7° 96 9.51¢
Mean 12.4° 10.37° 67.6° 833 47.1%  177.4% 105 11.60¢

*Mean values from triplicate separated experiments are shown. Means within a column followed by the same letters are not significantly different

based on DMRT test (p < 0.05).
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DPercent of large roots; ratio of 3 g and over fresh root weight to total root weight/plant.
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