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M 23 AL7|z gl 2Bi
24 24 21 2} =k = | 2M
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1) S AEE |4 25T O] Z|oH '99 ~ Al
2) B UEE |4 2=t Ard '05~23
Aol 8 of B S384, 4E, 7S, 48%
ABSTRACT

The main project, which has been carried out since 2005, consists of superior red
bean lines cultivation test, a regional adaptation test, a demonstration test of superior
red bean lines, a test to improve the cultivation method of Gangan red beans, and a
demonstration project for farmers. The selected red beans were named Gangan red
beans. The breed was started in 2007, and the breed was registered in 2019 after
going through the Gangwon 73/Gyeongwon Red Bean Combination, 2015~2016
productivity Test and 2017~2018 regional adaptation test. The main characteristics are
finite neophytes and plural, and the seed coat has a reddish color. The maturity
period is October 6th, and it is a mid-growing species, and it is a disaster-resistant
variety with high adaptability to mechanization, and it is suitable for whole red beans,
sediment, mixed with rice, and mixed with rice cakes. In addition, we developed a
farmhouse cultivation method of Gangan red bean, which was the highest at
306.0kg/10a in high density cultivation (60x10cm) in late June, and the lodging rate
was relatively low at 15.6%, so it was judged that mechanization work is possible. In
addition, in high density planting (60x10cm) in early July, the lodging rate is 0% and
the quantity is 282.8kg/10a, so the mechanization work is very good, but the
maturity period is late until October 10th. In order to expand the early supply of
Gangan red beans, two areas of red bean cultivation farmland were established. In
both regions, sales were made through contract cultivation, so satisfaction was high,
and although there was a slight difference in the unit price of sales, overall
satisfaction was high, and they wanted education and consulting related to red bean
cultivation in the future.

280 |\ 202341 A[BHATETIA



\!
HR2E

~

T (Vigna angularis) LA 222
ZICHRho et al.2003). 22|
E

sere Hol}, J|%9 o HSHO
o
= 5

4o
n
i
ofN
H
o
i

. S SSOLAIOIOA B0 2HHR
Z 2 U322 IO0| el Ael, L}
Aot 2E2A|A 0| 0]8E s UCHRho et al.2003).
2021 (L2t & 442 5,398 HA2 4,318ha J=0|ch B2 FZO| 337kcal
HE2 Y (Hwang et al. 2005), a2 BEo MMEE ARELD o0 oLt ot
At SO M2 AFRE(H, 220 Bxf, BEE, HGMAZE G| Jigen Qs A

s I
u
2
e
rm oy me
210
2
o 4
ol O.l
N
Ok

e Ll

=
L

Hu
H
g 02

’

golct. ol JHEE =U EES2S 200030|H, ZHAIH0M= of2t2|(Song et al. 2016)
T2 0|85t ULt 2 A= ZHAH0 U= =50 Hst 7[Aet +20] 0l FF

— —/

NS0 S0 S U 5 Holi, A AHYES =250t +HSHUCE

mo n w

0lo
R
ool
40
oR
X

>
OlN
=

ot

o}
e

i

Q
1 -
o2

20057 E st 22k
T OZHHH HAMAIE, STHA
FI~F7QM4e 50R% 520~580HE
60*10cm& IHE 3}
Ct & 24 2[HAH

StICt. 20180

=
4o
oy
X
Ofm
Ho
o ox
>
Ql
P
o 9
_ !]_._

o Tir
>
18]
|0
o HU
-4
0x
™N
Ul
1
o
N
il

w3 1N
o 0
0z >
i
EJ
o
rr

oxX
|.|-|

oY 8

oX kI

>

0
Oy

o o

S

—

o

~

(@)

N

om H>
:>x.:|
i
N
1T

njo
4>
Ooll
o
o ¥ 1!

o
~
[
i
m
0
ogt
_O'E
4%
rr
jini
2

o om ™
n o

fﬁ %)
Olok
oz 02
10
oo 'S
(LR
e 4>

rek i rlo
=3
r 2
fo
oN ojn

U
J,

fol

X

S | ooy

oz 2
2 Ny
o
o
J
ol

) .
1
08t
ol
oy 38
ful

o
tok
lo
ofF

I
00
o

oy
re

H

[0
N
o
N
w
[
Olol

T
>

oE

2

HN

Q,E
R

P 4
gk o
el
)
H
OjH
O
Ne o
1

ox!
H
Hy m

12} ABARRA AlE

B>
x NG
|0
2

Y
ox foi g
H> i ofn

21t 07046 =50 Zot WMEIZO0| QL 0| Cf
071062 = =50 Cfa st S22 195kg/10a2 +=FHH0| 2
0] 18.4g22 DR AL} 20| YD TEO| ASFCHE 1). 2EXI0| 070222}
S50 0§ o0, 0704652t 07111 =20 HEHES
7= 0710257t W2LF T20| CtA A0, 070465 < CHRl9|

oy |
$0
o
(@)
J
N
: N
o
rr
jES

0x



H 1. 94E MM ZHAIE015, 1193

g S50 B AR EAS WS BE =R Vius Zu waz 42

(2.2) (m) OB Oh O V8 (0~9) (09 ©0-9) (9) (ka/0a)
07022 916 53 16 2.0 23 7 1 0 0 12.4 174
07046 922 57 16 3.8 29 6 0 0 0 16.8 165
07102 920 58 16 28 22 7 1 0 0 14.3 180
07106 920 61 15 32 18 7 3 0 0 14.3 195
07111 923 58 17 27 26 7 3 0 0 15.3 188
07191 915 49 16 1.8 22 7 3 0 0 121 143
07212 924 63 17 26 24 5 5 0 0 18.4 139
sF 925 62 16 2.7 22 6 5 0 0 13.5 183

qe 8571 BT Ea BAS @4 P B Vius 29 wEE 4 @
(2.2 (m) OB Ch Ch e ©0-9 (09 (09 (9 (kai0a)
07022 1004 51 20 41 49 8 0 0 0 12.4 328
07046 1012 66 19 40 44 7 2 0 0 16.8 241
07102 0928 49 16 22 32 6 5 0 0 14.3 121
07106 0929 52 18 29 32 7 5 0 0 14.3 147
07111 10,10 57 19 36 44 8 3 0 0 15.3 306
07191 1012 56 20 38 46 8 0 0 0 121 316
07212 1006 72 19 26 40 6 5 0 0 18.4 180
e 10.10 55 18 40 48 6 7 0 0 13.5 251

(AE2) RYAE AHHS Al

F20] | M ZeHEe| JHE7]= 8 2 7tz waton, Y 10437+ 8% 19Y, 102% 8
¥ 23%, 10557} 83 27Y &O[RACH MH=x7|= ofef2|Eo| 9¥ 27¢ZE 71y Wxten], Zot
m_'|' ¥ 104371 9 29%, ¥ 10232 10553 10¥ 4Y &0|en, B2 2 105

37t 71.4cmZ2 713 11, 10237t 66.9cm &0|RACH E#E 4 104374 7.974, 103=
7.802 Wtol, oH = F O 1028 24.774, 105%
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272702 At ZE2HEE= A9 1023, 1033, 10437t Ast¥on, A= 24 10235
219 4¥ 105% 20.5g22 ofzte[Hoj| H|sf 5-5.59 O RHCt =Y IAARA= L
7t 1499 2 71 SAYD, 04§7+ 1459 2M, 2 10252 10558 13.6g22 20t
T+ 13.899 QAIGICD], 422 Y 10337t 249kg/10a2 7t2 LD, 10457} 2
don, 42 102529 1055 271} 226kg2 2 ZoHI 230kgt SAFSIO HH2IZ0| 2HE
22 10259} 10555 2L 240t ALt Of2t2|mof HlsH 11-12% QYT E5t 1
BA BA% S0 24 AS22 WARRACE d2u 5717t 108 4¥=2 79 EE =
oZAZ |12 7] 240 oz WEED, a2 LA 103z7r 249kg2 2 of2fe|E
His 23% USD{, U 71922 of2f2|E 16.5922 Cia BAHY LZst AS2=
T 2| ACHE 3).

e > -I
oN o rob Ol
M o 0%

=13
=
==

N

=C}
T

22 2 NEOISDl 447 2 2k @4 W =2 Wz Lo g@
ASY WA (ZY) (ZY m) Ch Oh OW) 09 © o kotoa) T
e

o2

(EZ) - 819 927 514 44 313 /4 3 165 122 203 100
57

EES - 823 104 616 36 264 7.1 5 163 107 179 88
dor - 816 929 588 37 350 76 1 156 138 230 113

oY
o
o
o
fo
w

823 104 669 36 247 73 1210 136 227 112

oY
o
o
w
fo
w

826 103 628 43 340 738 1 171 149 249 123

oy
1
o
=
fol
w

8.19 9.29 5777 36 357 79 1 156 145 242 119

oY
o
(@]
an
fo
w

827 104 714 32 272 63 3 205 136 226 111

O}ZA|7| : 2019. 6. 24.

IHOM HHEIZ2 ZY 10287t 16.4g LY 10587t 16.6g2Z oOfzt2|Eo| H|3H
1.3-159 § ZHon ZG Z22A= 29 10357 11.792 7t& 2AHYD, 10457t
11.5g O|UCt. #22 Z2103=7t 195kg/10a2 742 2
10252 10555 1602t 141kgl22 QML 168kget SAtSH Y
RAOLt, HA|A 20| HOo{AH 50| UUCHE 4).



H 4. GEAY RYAS 4854(2017~2019 EIF)
ST Y ANE | Hdx7| dE 2 Y@ @ 5 HES i';’: g I
Asld d9a &Y &F.Y (m) e e evs) 0~9 (9 (g@ (kg/10a) "
Otete| g
(EZ) - 819 101 687 45 338 74 7 151 92 1538 100
= X II}
arf) - 823 101 774 37 297 68 7 134 69 1156 75
ZHOoHE - 816 101 872 34 264 76 3 132 101 1681 109
241022 3 823 101 911 41 420 75 7 164 96 1601 104
2211038 3 826 101 755 49 298 74 7 140 117 1948 127
24104 3 819 101 844 43 331 76 5 141 115 191.0 124
2911055 3 827 101 80 47 313 64 7 166 85 1410 92
*» OFEA|7| © 2019. 6. 21,
AFZO| A BHRIZ S ZkQ| 10557} 22.0922 7t 2% ofzte|®of| Hls 3.6g  SAHYS
Y AR 4Y 10337t 11.892 FAHYD, &2 LOHE0| 201kgZ Z¥ 103=
197kg/10a2t SFALSHACHE 5).
B 5 MY REAES 4854(2017~2019 )
2 2 NE e 457 B B g e £ UES i—;’: Y |
AEY dx (2.9 (2.Y) cm) CH) CH CW) 0~9) (9) (gT/jz_) (kg/10a) ' "
Otzte| g
(E2) - 819 1020 645 51 282 52 7 184 90 1496 100
= =1}
?EHTZE) - 823 1020 895 56 458 58 7 178 138 2306 154
zott - 816 10.20 86.8 50 332 50 3 169 120 2006 134
241028 3 823 1020874 47 236 50 7 155 90 1499 100
2441038 3 826 1020842 56 383 57 7 174 118 1968 132
241045 3 819 1020849 45 275 54 5 167 9.0 150.1 100
24241058 3 827 1020895 58 239 47 7 220 71 118.8 79
* OIZA|7] © 2019. 6. 20.
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[an
==

<> 102> 103 &0/,
2 =g AR 4 10
892 7t BA%, 104271 11.790|Uct. &2 Z& 10327t 214kg/10a2 7t
URAD, 10427} 194kg2 ZOHE 200kg2t FAFSHRALE [2tA, Z& 10327t H2A L =
Y 214kg/10a2 7t& 2435101 26.5% UL, 102E2t 105 HES0| 2HL SZHON

245 S4B HACKE 6),

3

Nofob g

|.

0

]

=CF

=& L AN 7] d=7] 3 Ak g6 @ == HESE ;;I = |2
AsH  dx (2.9 .Y (m) ) ) OV 0~9 (9 &5_) (kg/10a) "~ T
ofete| &t

EEL')E - 819 930 615 47 311 67 50 167 101 1688 100
= =TI}

(EEH;E) - 823 102 762 43 340 66 63 158 105 175.1 104
Zorr - 816 930 776 4.0 315 67 27 152 120 199.6 118
291025 3 823 102 81.8 41 301 66 37 176 107 179.0 106
291035 3 826 102 742 49 340 7.0 37 162 128 2135 127
21045 3 819 930 757 41 321 70 30 155 11.7 1944 115
291055 3 827 102 81.0 46 275 58 50 197 97 1619 96

Zotme 2018d £5IY =], wHie= 20079, wHiRES ZA73/FHE, 2015~2016 A4
AHAFAIFD, 2017~2018 AAHSAHS HH 20199 BES2 YTt S42 |3 A
oz ChpMdo|H, SO|= HAMZ [0 UTH M7 108622 SHIO0|H, LIE=2-As 2
O=F J|Agt 48480l =1, Ex= EE, ¢33, =t L "Wnzgo=z MGt Ao g4
ASEE 03 13 20, 2RY, 2% Z4-DSe 2D B 252 1 2, 33 2ot

ENS 07 |'08]'09 [10~11] 12 | 13 | 14 | 15 |16 17 18

M| CH ]| F4 F, Fs F4 Fs Fe | Fy Fs Fo

é O T
- A A @ :

I‘_?, . — — —

#EE A o wEs = @ 291015

%4_9_4:%- 07022 E-_" EI' 2 4 : .

# = = : 10 5  4GALO7022-B-B-2-1-4-2-1
50 50
sy I A s 8 4 Mol | 42| RS
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(2018

4 8y,

201849 10

i
[

g=71

e = 40]

ZALE|Of

=
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2| o We) | 4571 | dE | R | @5 = £ | WEE | o bl
= o o 5 5 =, -+
(.Y | (2. | (em) |CWHAHD) | CH2HAD) | CH/E) | (0~9) (9) |(ka/10a)
2N | 827 | 108 | 72.0 24 32.0 7.0 0 147 | 248 | 2018
24 | 8.14 930 | 658 4.2 334 9.2 0 14.0 | 329
2019
54 | 8.13 929 | 5838 3.7 35.0 7.6 1 156 | 275
2l | 810 | 10.1 53.0 35 26.0 5.0 1 15.0 | 329
2021
QA | 812 | 105 | 580 | 49 43.0 7.0 1 15.0 | 330
(Ag4) ZorE z2{Hie JHMAIH
JWe7|= 4QoHEO| ofefe|Eof His 6€ & OS2 7Y, 6 ot OIES2 4¢, 78 e
IE2 1Y Jdc WtolLt, 457 FF 2 A0[7F Mo gict BAE2 F T 25 OIE7|
7t WESE 2o, YAZRHH(60x10cm)7t 71 AJACH Yo ofete|E 6¥ste TS A4

= AAIZHH(60x30cm) 7t

J

t &
ABH(60x30cm)OflA 45 67H2 7+ WAL, HAES 6
39.8M2 JHY WUACL =582 ISZAVI7 5245 U2 o 60x10cm) 248 =
ULt oHH 6HSE LIE7(0M Of2f2[EO| =58 90%0|d22 Lot 28-83%0 Hlsl 0
=A2, 6& St OB7[0ME ZRHE2 1.3-15.6%2 HUCL 784& OE2 & 3 2F
EEEZ] UL HEESES FFS ZF LSAIVL 2245 L FARLL, 7Y TAAH
(60x10cm)0llM FHZ 20, of2te|E HHZO[ HoHEo| Blal of 1g = RAUL. 8 &
AFAE 6"t AMABI(60x30cm)7t 7t FAZLD, Ofefe[# A7t ZorEo| Hlsi of
1-4g 3= FAHRCL Y2 Ofef2[#0| 6@S= TAAHH(60x10cm)0|M 307.5kg/10a2 7t
LA ZHEH(60x10cm)OllM 306.0kg/10a2 7t ZUCH HE2HS
2 ofefe|E2 BN 6EZE TAABH(60x10cm)0M 307.5kg/10a, 6&SH 2
(60x10cm)0llA 297.2kg/10a2 7t EUA2LE E5E80| 95.6-97.5%= 0 =0t 7|4
O {@L, ZeHEE 6Este LA (60x10cm)0iA 306.0kg/10a2 7HE St &5
15.6%=2 Hud Hop 7[A=tYo| 7bset A2 THEACH Est 72 A
(60x10cm)0flM ==80] 0%0|0 +2Fd 282.8kg/10a2 7|Aet Y2 OF L=okA|2 o
=7|7} 108 1022 =2 HO|UCHE 8).

O T O
2 o
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=
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B 8 AMAHIESVE 45 2 T EF(Ot=telE, ZoE) 2019

| =C}
s may o BPIAS B e oAb B4 BL o% wYs 1o 43
> e @Y (@Y ) O Oh Oh OWE) %) @ . ko/od)

(cm) (9)
60x10 819 926 668 159 42 299 77 956 120 92 3075
6= 60x20 8.19 9.26 65.7 180 55 369 80 93.8 12.6 14.7 2443
60x30 819 926 638186 55 402 76 653 135 153 1705
60x10 823 102 681170 37 273 82 975 145 89 2972

gﬁi{ 625t 60x20 823 10.2 59.7 17.7 55 447 76 600 143 132 2199
60x30 823 102 577182 56 456 7.8 36.0 148 198 2198

60x10 8.26 10.7 46.1 144 20 187 7.1 00 165 75 2489

784 60x20 827 104 393149 23 222 75 00 146 104 1733
60x30 8.27 104 36.014.7 29 252 80 00 136 122 1358

60x10 8.12 9.26 77.1 191 44 297 69 838 123 81 2702

683 60x20 812 926 719216 41 330 78 563 114 87 1446
60x30 8.12 926 722226 43 398 6.7 280 122 152 1687

210t 60x10 8.19 10.2 66.0208 36 339 88 156 14.1 92 306.0

o O3St 60%x20 819 102 625210 3.8 289 83 63 137 127 2115
= 60x30 819 10.2 52.8 209 40 369 81 13 133 155 171.7

60x10 826 10.11 481187 0.7 166 9.1 00 153 85 2828
784 60x20 8.26 10.1040.1 179 18 215 7.7 0.0 13.1 113 1878
60x30 826 10.10323 173 20 231 79 00 128 96 107.1

(Alg5) gorg L83t tR|zy
ot =7|Eg OIS floff 2Fst & W2 2 Yus UE Sl FIN2=

2 =
B oot Zt mEY2 68 S5, AlHle dYABIE, MAAHE 70x15cmZ SHUCEH

_ =0 AlH[Zf(kg/10a) Al
NEEE 5% A9
=-= N PzOs Kzo
k= MAMH LL(9s7t, 2.7ha) 6.17.~ 6.24.
70x15
4.2 52 58 com
g4 =HH 252l & 1.5ha 6.17~19.

U9l B2 259kg/10a2 SHUAIFEL 60%7F B2 Ol 5719 7|1=d, EA|
dorgol 7Qlst Aoz HEHEM & A9 2F HOE AYAEIZ O|F0A AZE7F UL,

288 |\ 20234 A[BHATETIA



TOChbs oFZto] 2fO|7} UUCH S7fo| HHAE LIPARES MHinS 71227 93 So|d,
A DR =2 oz A} O}
B 10, AQE ALY 2 =oEre
Dg 23 M
22k(kg/10a) 165(& 4.6ton) 256(&3.8ton)
- 2{2F A|okmig - A2F AMormin
mofar A 22k 7 otmioy 22k 7 otmiof
- moj: @) AL - mojx: of2fe| mOA — ZZuw
HOHTH7HZ@/kg)  8,750(40,2504 %) 7,500(28,500% %)
=g Mepzz| 20| 71A5t0| Q2lsHU=E, 2HsET)
or4leH AYHE J74E A 24 szgat0| Cha B
ZHHH & 8l HAME]|
QA lns = das M DS (Z7], HA 5)
%2302 7122Y 93| 5|y '
2EE e =120 23 oY AHAIY 02 27172

ag 5 ddAYg &

o

FAFS}

o

289



7 18z it AlgEd 07046 =50 ZSt HESO0| 2L £ZO0| O Yo,
071065 ==50| Cia A5t SYZ22 195kg/10a2 +H0| ZUS

Lt 072125 = HES0| 18,4922 O ALt 0| Y1 =50 ofstttE

Ct M&7]= 0710287t WEL =20] Cia M5I0, 070465 CHES E48 B2

(AIE2) RYAS A A

i

7b. 3219 349 dH= SEE 2i JUE0l ==0| 7t doiden, 43 104=> 102>
o

Lt S 2 10557 19.7g, &2 102587t 17.6922 7t 2AHYS

C} 42f2 2 10357} 214kg/10a2 713 R, 10457 194kgR ZQHEH 200kg2t
FASIAZ

ot ZoHE2 20189 £ i, £42 U=S, UAsld 322 7148 2840l =
1, 8tz S¥, Y5, = ¥ Husge= Ay

b Z1012(ZE)S H3d ddZ2 42 10129 AlHz|Y ds2 9299
' |

= 20183 10E 8%Y, 20194 9% 30%, 2021 10E 1Y=2 9f7ko| 0|7t

30 ox
2 H>

7|
o

Lt 222 MR 0~12 ZARE/0] =240| QHEIYD, 422 248ko/10a~3302
=

flail AlEES S 2 65k LABH(60x10cm)ofA
for 7| A=k ol 7tse A

—

7b. ZerEel AHiYE =

k=X
=
306.0kg/10a2 7t& B, =580| 15.6%= HlwA

o= HEE

NC

(Ag5) Yo Ugst B2

Oh BHI YMOIM 4SS SIAZY AN £ BE TOfS A 020( o
ZEoh S04, BONSITHE ofto] Rf0|7 UUS

Lt s7t0] AUE 2TAIZS AHDS 7133% |2 S0|0, WA HEEE &2 Ao
2 ZA S
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on physiochemical charaterristics of small red bean percolate. Korean J Food Sci
Technol 37: 189-193.

Rho CW, Son S Y, Hong ST, Lee KH, Ryu IM, 2003. Agronomic characters of Korean
adzuki beans. Korean J Plant Res16: 147-154.

Song SB, Ko JY, Woo KS, Choe ME, Kwa DY, Woo KS, Moon JK, Han SIK, Han WY,
Choe ME, Ko Jc, Oh IS. 2016. A new small redbean cultivar ‘Arari’ with
lodging resistence and high-quality. Korean J Breed Sci 51: 523-528.
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ST | 2220 Yot J|AE H84go| L5 B Yo 'Y
FsHE | 718 £& Jtst Yo 88 AY AY 0iF7| L AALe
178zt 18zt 198t 2
(~2021) (2022) (2023)
=8 AA =5 AA =5 A3 =8 A3
1 1 1 1
o= £9 3 3 3 3
== sz | 1 : 2 1
A5 7=
28 | 3= 3 3
ASMY 8 8 1 1 9 9
=4} 17 17 1 1 1 1 19 19
Al 34 33 2 2 1 1 37 36
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_ FC-04-0402
J|lagotaE =il 2202 3C '
|=-&0F V1 =7 S02 2r=E L 0403, 0405
A EE i A HS LP001847
o A 9 g AMES 84 o
MOy 23 AZ7|2 gl B
213024 21 2} H = | 2AM
O| Z| Of SUATAL ZAEHAR| =8 2Z2AH10}
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72 ¥ £ |[EF 2 R 23325, E4Et
ABSTRACT

This study was conducted to establish sorghum cultivation methods in the Gangwon
region, utilizing the locally adapted variety, Hwanggeumchal 2ho. Hwanggeumchal
2ho, registered as a variety in 2020, is well-suited to the climate of Gangwon State
and is a single-stem, multi-headed variety suitable for mechanized harvesting.
Cultivation experiments were carried out in Chuncheon, Gangwon State, investigating
the growth and vyield characteristics of Hwanggeumchal 2ho according to planting
time, planting density, and number of plants per hill. The trial results showed that
planting in late June resulted in long stem lengths and significant variability, which
would be highly unfavorable for mechanized harvesting. Therefore, planting in early
June with a planting distance of 70x20 c¢m yielded stem lengths of 106 cm and stem
thickness of 17.4 mm, facilitating mechanical harvesting, with a yield of 396 kg/10a,
demonstrating excellent both in quantity and quality. Additionally, as the number of
plants per hill increased, the vyield also increased, but the risk of lodging also
increased. Therefore, planting with 2 plants per hill yielded stem lengths of 131 cm
and stem thickness of 10.8 mm, advantageous for mechanized harvesting, with a
yield of 338 kg/10a, demonstrating excellent both in quantity and quality. Overall, it
was concluded that the optimal cultivation method for Hwanggeumchal 2ho in the
Gangwon region is planting in early June, with a planting distance of 70x20 c¢m, and
planting 2 plants per hill.
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a
E

CHRRMIR2tA - &= A7 7HY 2 E4E7D
Al 1) &= SHAE =8 &2 E457t
2 M-Es 2o 2, SAELN, S3S8H S0 2E5tLA 48 U +HEHS ZA
SIUCE Al 10419, ER 162", SEEFS 10X AeES MYSIAUCHRT). 247, &
s SEEHY +ES HLSIUE f HCRHF2ES)EL 247171 W2 ISE1230 S 44+,
T2t 06-SI-081 S 5AHY, =240 435 Akamochi § 6ZI¥S2 EQISIACHE2). & At
SOM ARE F45t7] QoA HAD|xR & 7AHE MYsy EZS40 &S5t} St
B2 A% 8 55
Vo (apius, = s -
1 153495 Setaria italica ISE1230 204 2
2 123847 Setaria italica 75001 "
3 123892 Setaria italica [-SE774 ”
4 252186 Setaria italica 107 "
5 153509 Setaria italica ISE1266 ”
6 283990 Setaria italica 06-SI-081 ”
7 283741 Setaria ftalica Heijoushu ”
8 285159 Setaria italica Akamochi Awa ”
9 212948 Eleusine coracana 79 ”
10 153454 Eleusine coracana [E2303 ”
11 (GTO00151) Setaria italica 014d 4
12 (GT000152) Setaria italica ”
13 (GTO00153) Setaria italica 2R ”
14 (GT000154) Setaria italica sloiRma|2tR ”
15 (GTO00155) Setaria italica Laipx ”
16 (GTO00156) Setaria italica op2tatx ”
17 (GT000157) Setaria italica ”
18 (GTO00158) Setaria italica 22 ”
19 (GT018510) Setaria italica AAD == 44 4
20 (GT018511) Setaria italica AHzpz ”
21 (GT018512) Setaria italica e 7
22 (GT018513) Setaria italica Ustx ”
23 (GT018514) Setaria italica 7 el e ”
24 Setaria italica AMzEZR 1 174 £
25 Setaria italica b ) ”
26 Setaria italica QIAIZH2H S (ZHHAO) ”




No. (QIA[E1B) Sty At H =l
27 Setaria italica FzR BHES
28 Setaria italica ez ”
29 Setaria italica 4815 ”
30 Setaria italica 42 25 ”
31 Setaria italica CreH| ”
32 Setaria italica A =| ”
33 Setaria italica CHOt| ”
34 Setaria italica 20|zt ”
35 Setaria italica ACHH| ”
36 Setaria italica AfCH2 ”
B2 2 {H2Y d8E5d
247 78 A 94 0]ALS OJARR OfARR k] ABE
NO. Zl_%lljo:‘ =T (e} (=) =T =T o) S %&:‘I% T o
&Y @m @ ) O (cm) (9) (@) (ka/10a
1 ISE1230 8.14 173 8 13 2 32 22 15 251
2 75001 8.21 170 8 13 3 22 15 10 171
3 [-SE774 8.21 145 6 11 6 24 9 6 98
4 107 8.21 176 8 12 3 29 19 14 235
5 ISE1266 8.4 123 8 9 2 23 24 12 193
6 06-SI-081 8.4 84 5 8 6 27 14 10 164
7 Heijoushu 8.7 106 6 8 2 16 13 9 143
8 Akamochi 8.19 129 8 11 2 24 27 18 300
9 79 - 51 14 24 - - - - -
10 [E2303 - 65 16 23 - - - - -
11 - 8.19 161 10 15 4 25 27 22 182
12 - 8.17 137 10 14 3 26 29 20 168
13 2R 8.18 176 10 15 6 33 30 24 200
14 CSkIBERR 818 170 10 15 3 20 22 18 152
15 Letrpz 8.18 152 10 29 4 20 20 17 145
16 opetzpz 8.17 177 9 15 6 28 27 21 174
17 8.17 196 8 13 15 29 13 10 82
18 AR 8.19 194 11 15 3 28 27 22 187
19 HAOox2 819 107 9 15 2 23 27 22 180
20 Az 8.18 142 8 12 8 36 36 30 248
21 2282 830 134 8 14 3 18 23 18 149
22 A4Stz 8.20 157 11 18 5 30 27 22 181
23 L= 8.17 137 10 15 4 27 31 24 203
24 FHxE 1 8.23 136 8 16 3 31 24 18 151
25 AMxz 2 824 144 8 16 2 32 19 14 114
26 QIAIZH2HE 827 196 14 13 6 24 29 24 199

296

2023E 5 AATE TN



ol

No  zpein 47| WY FEf Y@ OlAe oMY OME zaz =y
&g (em) ()  CH) ) (cm) (9) (/) ka/10a)
27 =z 8.6 141 59 13 5 21 30 24 199
28 OE= 810 134 10 13 2 27 32 25 212
29 F2 1= 8.17 137 8 15 2 27 35 28 233
30 A&} 25 819 140 9 14 4 31 15 9 74
31 CHet| 813 144 9 16 1 27 39 33 272
3R | &H| 817 148 11 14 2 31 44 36 296
33 CHOH| 8.5 87 8 11 2 21 21 16 134
34 202 8.23 117 10 15 3 26 46 36 302
35 ARCHH| 820 120 10 16 4 27 40 33 277
36 AFCHRF 820 113 16 3 32 39 32 264

12 e M T







H 3. &+ RUAYE &8 55

No. opiens) 31 At ki

1 143991 Sorghum bicolor IS13067 204 2k
2 297221 Sorghum bicolor 200013-50 ”

3 028580 Sorghum bicolor KLS079429 ”

4 028725 Sorghum bicolor 1.5.0.2059 ”

5 109589 Sorghum bicolor Me Susu ”

6 188266 Sorghum bicolor CULUM AHMAR ”

7 201498 Sorghum bicolor ACC418 ”

8 320897 Sorghum bicolor 145 ”

9 331875 Sorghum bicolor 08-SB-125 ”

10 296714 Sorghum bicolor DS 003382 ”

1 104689 Sorghum bicolor HEE4-1985-4689 ”

12 103511 Sorghum bicolor Ipiges e ”

13 230295 Sorghum bicolor S-76 ”

14 331877 Sorghum bicolor 08-SB-128 ”

15 331895 Sorghum bicolor 09-SB-033 ”

16 (GT015827) Sorghum bicolor 06d 4
17 (GT015828) Sorghum bicolor ZH0jl Ak ”

18 (GT015829) Sorghum bicolor zEg2o42 ”

19 (GT015830)) Sorghum bicolor 22504 "

20 (GT015831) Sorghum bicolor HAEHHA ”

21 (GT015832) Sorghum bicolor UAHFLA ”

22 (GT015833) Sorghum bicolor AR -HIR R ”

23 (GT015834) Sorghum bicolor FE0| -4 ”

24 (GT015835) Sorghum bicolor L e ”

25 (GT015836) Sorghum bicolor ke M2l ”

26 (K201246) Sorghum bicolor 378 B 18 2
27 (K201248) Sorghum bicolor Wheatland ”

28 (K207834) Sorghum bicolor DS 003165 ”

29 Sorghum bicolor a2 s SHEZ
30 Sorghum bicolor 22t ”

31 Sorghum bicolor AERE ”

32 Sorghum bicolor SHEz ”

33 Sorghum bicolor SoH| ”

34 Sorghum bicolor GWSG 201= 224
35 Sorghum bicolor GWSG 202= ”

36 Sorghum bicolor GWSG 203= ”

37 Sorghum bicolor GWSG 204 ”

38 Sorghum bicolor GWSG 205= ”

39 Sorghum bicolor GWSG 206= ”

40 Sorghum bicolor GWSG 207= ”

41 Sorghum bicolor GWSG 208= ”
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H 4 24 RHRY H]EH
N (OJEN= .
47| Y OYE  Zef oA OAMF HEES o
No. Rl TS
&Y (m) (m) (m (cm) (9) (/) (99 ko109
1 IS13067 811 68 5 15 18 32 29 28 240
2 20001350 9.5 301 0 20 142 63 26 13 212
3 KSo79429 820 220 19 14 25 66 56 30 468
4 1S02059 818 94 31 16 24 40 34 36 287
5 MeSusu 810 175 39 11 22 27 23 27 192
6 CULUM 91 572 14 16 32 54 43 40 356
7 ACC418 93 98 0 18 25 50 42 25 347
8 145 813 144 26 9 17 23 19 31 154
9 08SB-125 816 142 28 12 19 34 30 32 252
10 DS003382 828 313 7 16 30 84 72 31 596
11 ZAEYH 812 190 31 12 34 33 22 26 184
12 EYges 89 146 35 7 27 24 17 30 141
13 S-76 822 276 23 12 39 51 42 33 352
14 08-SB-128 813 222 41 11 32 33 22 24 182
15 09-SB-033 822 292 37 13 40 44 38 28 314
16 - - 398 13 20 - - - - -
17 bzl 729 182 23 14 33 35 25 - 205
18 Z8Hearl 823 336 8 21 40 68 70 - 587
19 Z=E3= 825 347 11 22 40 89 54 - 448
20 HEeKzl 812 199 17 17 30 54 40 - 332
21 el 819 298 4 22 37 101 77 - 638
22 bkl 823 316 11 18 32 52 42 - 350
23 Z=oRgl 816 339 35 18 35 46 32 - 266
24 [ERRESE 824 321 23 16 36 64 47 - 392
25 ARl 823 328 17 17 34 47 33 - 276
26 378 B 817 97 8 20 23 79 54 - 447
27 \Wheatland 8.16 81 13 23 26 62 41 - 340
28 DS003165 823 370 7 22 39 84 65 - 542
29 &2z2h% 813 117 3 22 24 83 57 - 475
30 #2440 817 139 4 24 27 121 82 - 630
31 A2 814 75 1 27 27 71 49 25 241
3R SZz2k 814 145 11 25 24 95 66 24 302
33 ot 8.8 80 2 21 25 66 47 22 391
34 OGAMSE01Z 8.12 100 13 24 23 84 62 28 278
35 GM@NE 809 101 6 23 29 78 56 27 261
36 GAS®03& 8.10 109 9 21 27 80 54 26 265
37 GAM@ME 815 127 3 26 25 109 69 29 206
38 GAS@0BsE 8.09 131 7 23 29 78 58 26 237
390 GRS 8.06 124 5 21 25 78 56 24 261
40 GASR07& 8.07 128 6 20 25 76 55 23 253
41 GANS@BS 806 132 9 19 22 65 47 24 226
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1% FAXHEE A 1149, Ef 1A, 8453 SA9S MEStUCH:ES). 2471, 2t
A S YSEHY £TES Hlwsto] 2EHZHY 082270 & 3AHY, MY I-32A S 6AH, &
20| 245t COL/IWATE/1990/MAFF/009 S 7AtS EQISIUCHESG). 435t A2 H|o|
E{HO|AS}, CHATV| Bste] 23 AMEE |40 &&35t02t stot

B 5 7% Qi 43 2=

No.  otkiors) 31 At Ik

1 289468 Panicum miliaceurn 2004 204 2

2 297394 Panicum miliaceum COL/IWWATE/1990/MAFH/009 ”

3 297397 Panicum miliaceum COL/NEPAL/1984/1046 ”

4 297389 Panicum miliaceum COL/NEPAL/1985/8004 ”

5 298974 Panicum miliaceum Nuomi&meizi "

6 123984 Panicum miliaceum [-32A ”

7 198834 Panicum miliaceum 082270 ”

8 123988 Panicum miliaceum [-PM84 ”

9 123985 Panicum miliaceun [-43 ”

10 297001 Panicum miliaceum 19904 ”

11 199331 Panicum miliaceumn Local ”

12 (GTO16160) Panicum miliaceum ZETiE Y 06d 4

13 (GT016161) Panicum miliaceum zEgo42 ”

14 (GT016162) Panicum miliaceum 253 ”

15 (GTO16163) Panicum miliaceum oo Lo ”

16 (GTO16164) Panicum miliaceum 252044 ”

17 (GT016165) Panicum miliaceum A ”

18 (GTO16166) Panicum miliaceum F=otsed ”

19 (GTO16167) Panicum miliaceum HeHLlor ”

20 (GT016168) Panicum miliaceum 2z ”

21 (GTO16169) Panicum miliaceum FdEgdx+L ”

22 (GT016170) Panicum miliaceum 283444 ”

23 314752 Panicum miliaceum oAz FIES

24 264156 Panicum miliaceum kst ”

25 326973 Panicum miliaceum =22 ”

26 264155 Panicum miliaceum O|aH2f ”

27 Panicum miliaceum =71 ”

B 6 7|3 9u2Y MREY

=47 72F Aef| @4 OJAR  O|ARE OARR oA A 2F
NO. Zl'%lcoﬁ =T o (=] =T =T o] S %g% T o
&g @  mm ) H) (cm) (9) (/) (g/108)

1 2004 8.17 144 8 9 1 43 10 8 130

2 COLIWATE/1990 8.12 114 7 7 2 45 11 9 150

3 COLNEPAL/1984 8.14 106 8 8 3 45 13 9 143
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ARCH

No el 57| Y Fef g Ol 0|4 O[AE %_'é% e

&g (em)  m  H) H) (cm) (9) (@) (9/108)
4 COUNEPAL/1985 8.12 107 7 6 3 42 9 6 107
5 Nuomi 728 104 5 6 2 28 6 4 72
6 -32A 811 101 4 7 4 31 6 4 69
7 082270  7.15 22 1 3 4 13 1 0 3
8 I-PM84 8.2 88 4 6 5 27 7 7 116
9 -43 813 94 4 7 4 34 5 4 65
10 19904 722 4 3 4 6 25 4 2 39
1 Local 715 23 2 2 4 9 1 0 4
12 ZYfE4+d 89 159 9 11 9 41 13 9 157
13 £8E243 84 150 8 21 7 40 11 7 114
14 Z2538+d 89 169 8 9 12 51 11 8 138
15 s+ 89 162 8 9 7 50 6 3 56
16 £81M2Y 86 164 8 10 8 49 5 4 63
17 AHode+y 817 169 9 10 15 39 15 11 187
18 ASUE4Y 810 161 8 10 8 43 10 8 128
19 HgAlot4l 89 156 8 10 6 43 5 2 33
20 243348 89 155 8 10 8 42 5 2 36
21 AEMZ4Z 89 163 17 1M 8 40 12 9 144
2 258448 83 129 8 9 6 35 9 6 104
23 =4 8.16 132 9 10 1 38 15 12 193
24 s 816 115 8 9 1 30 13 9 153
25 282 724 79 4 4 3 33 4 2 40
26 0|utzt 820 131 8 9 1 37 12 10 161
27 =37 729 131 8 7 7 42 9 6 95




H 7. a4 Ui & et 245

. e DPPH
No 25 A1 H Hi RS (%)
1 EN= Y 2hg 88
2 a2 2y 68
3 ey 2d 72
4 | g 86
5 GWSG201& U 66
6 o GWSG202% U 43
7 T GWSG203& 2y 78
8 GWSG204% 2k 78
9 GWSG205% ol 42
10 GWSG206% 2k 56
11 GWSG207% 2y 77
12 GWSG208% 2 60
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(Ald 2) &4 A OHE dS5Y d4E

ZgEso B2 IS0 WSSHS TLE4IL S7I0 Wt T, FY, B, o4
%, O[AES Z43IM 12/3% H2AT0IM ZE) 9.2m, ¥ 54.60m, YE 4.9cm, OlAZ
20.80n, O[AHE 3772 713 ZAUTH 24T OB FGYRATH FIHE0 T2t Z7tts

No
NJ
w
(@)
=1
HU o
J
o

7. =
P2 32/5F H2|F0A 138.1cm, O|A=2

= 2oy At

T GE YIEY 20|(HO|ZE)= E40M 0.67H3%)= 7t HA2D, FE{OIM 5.1

m(36%)2 7t 3 UEHE2D, 250 T2t JEf7F 7t 3 S B= A2 LiEf
UL,

'rtolﬁ ZEi7t 10m O|5tY 3% ==0| St A = +
= A2FollM ZHd2 F8iel o3 F =0l 170om~180cn OIStZ 7|AH|5t 420 24| 812
Lt eryAel 7| Alst 22t fleiMe =50 fIdds Y51 28 =0] 130cn OJLfe! 22/F

I_O

=CpA s ZEf & = = Ojklm  OopRE opE ==
o (cm) (mm) %) (cm) (cm) (cm) (cm) m)  (1~9

1= 113.6C 14.3a 9.0a 64.8a 6.5a 148 2452 4764 1
2&/F 131.2b 10.80 84b 60.5b 5.5b 202b 221 393b 1
= 138.1a 9.2 8.8ab 54.6c 4.9 223a 208 377b 3

x SAZAM: Duncan’s multiple range test(DMRT), p < 0.05

ZYEA0 U2 BIU2BO| £THS FYEATL A0 T2 O|AEF, OjAY ZUZES 2
B0, 12/7 X2lTot 0AF 48.20/%, OIMT ZAE 3730/42 71 &UCH 23S
AT} OlMg ZUZS 0[8310] 10aY kg2F BN, +US MHLEI} I e
1% 30| 359.1ky/10a22 74 %0 FYEAI} LAFOIN 222 WOIH},

9 AIBZAUE STHLH 2T £0|7] M YNER/F)FEA At =20 9T
HE 20| Z715t0 2T LOIASR I\ SN AUES S0/ AHHQ 4UYS HE
31| SISHAIE 212/3 HA0| MY HOR WEEICH
B9 ZYEA0 U2 47424

=i Ofa: OBE  OMZEME  mE 4%
/%) @3 @) 9 (ka/109)

=5 1 48.2a 37.3a 22.0a 261.1
255 2 29.5 24.2b 2243 3388
= 3 20.3c 17.1¢ 23.8a 359.1

x E2&AM: Duncan’s multiple range test(DMRT), p < 0.05
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ABSTRACT

This study was conducted at the test field of the Ginseng and Medicinal Herb
Research Institute (currently the Wild Vegetable Research Institute and Vegetable
Experimental Station) located in Kimhwa-eup, Cheorwon-gun, Gangwon state. After
harvesting ginseng, a three-year management of the planned site was carried out
through rice cultivation and waterlogging treatment to shorten the replanting period.
Ginseng was then replanted, and the possibility of shortening the replanting period
was confirmed through the analysis of ginseng growth characteristics and the density
of root rot pathogen in the soil. During the three years of planned site management,
a small amount of Cylindrocarpon destructans below the standard was detected in
the waterlogging treatment plots T1 and T4, but it was considered not to affect the
replanting of ginseng, and it was not detected in other treatments. By the time the
ginseng reached three years of age, in March, the T1 treatment group showed 33.9
copies/g, and in September, the untreated group (NC) showed concentrations below
the standard, but it was not detected in other treatment groups, maintaining a stable
level. In the fourth year, NC, T1, and T4 were detected below the standard in
September, but a separate analysis of the ginseng rhizosphere showed that the
pathogen was detected above the standard in the T4 treatment group. However,
among the ginseng growth characteristics of each treatment group, the emergence
rate from the time of reaching three years of age was lower in all treatment groups
compared to the control, especially 20.2% lower in the T4 treatment group. Also, the
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above-ground growth of all treatment groups was highest in NC and T2 based on
the fourth-year period, followed by T4, T1, T3, but significantly poor compared to the
control of the fourth-year original site. The below-ground growth characteristics were
also significantly poor in the T2 treatment group, which had the highest fresh root
weight of 25.29, compared to the control of 36.1g. Among the below-ground
growth characteristics, all treatment groups showed a significantly lower number of
fine roots compared to the control, especially in T3 and T3 treatment groups, where
the emergence rate and fresh root weight were poor, the number of fine roots was
7.4, significantly lower compared to the control of 59.5, suggesting that the physical
environment within the soil, such as poor drainage and waterlogging, had a greater
impact than the density of soil pathogens. However, through this study, it was
possible to confirm the decrease in soil pathogen density and the flexible relationship
in the soil microbial community due to waterlogging treatment, indicating the need
for continuous research related to this.

Ol (Panax ginseng C. A. Meyer)2
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21 %lst 2t 242

H EQS 212|510 2|5 2 O| Al U HAFERY(RDA, 2017)0f
et EQF HH7 L= EMS HAISIICH By EY Held e BAHS o 4 *2[7e EYS
AZIE2 5~7 Z|HOM FAA=2 Az[510 2 m M2 ZHG & 5 g2 2tCIAS HEHHHZR]

0 T &27|0llM 2 U7t RIE BiLstRCt O] = AAME2]

(MM+50ppm) 10 m2 7tst & 2

St A4S AHSt SE UZRAI = 05 g9 EY AIRE ZEO{U DNeasy mini

kit(Qiagen, Hilden, Germany)& O|&ot0| A Z3|At2| Z[2l0| w2t DNAE ZFEotRACH FET

DNA AZ2s QY HeUIEIT SHE primerE Zst= =FAUES PHS0] real time

o-Rad Inc., Hercules, CA, USA)E s&ist¥el 2t 2=

BT UE FTF 40| tist & W S U2 HAISHAUC

Xng*6.0221*10%molecules/mole
(N*660g/mole)*1¥10%ng/g

copy No. =

x X=ds DNA2| 2(ng), N=dsDNAQ| Z0|(bp)

Lt 2|72 EL0|Y

MHo
&Y
2]
Ar
iz

397 2 AY A2l = Qi HAS &R Xe|HEE EY U 0[dE 28 E48 &elsh|
ol EL0IYE =8 2ME HAISIRAL et EY A[Z2| Total Genomic DNA (gDNA)
ZZE FastDNA® Spin Kit (MP Biomedicals, Santa Ana, USA)E AIEsStF20 7ML
ZZE (Polymerase chain reaction, PCR) ITS3(5"-TCGTCGGCAGCGTC-AGATGTGTATAAGAGACAG
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-GCATCGATGAAGAACGCAGC-3") 1t ITS4(5"-GTCTCGTGGGCTCGG-AGATGTGTATAAGAGACAG-
TCCTCCGCTTATTGATATGC3') PrimerE AFESIO] ITS2 regiong ERILE ASHSIRICE PCR RHUS
Initial denaturation: 95°C, 3min, Denaturation: 95°C, 30 sec (25 cycles), primer
annealing: 55°C, 30 sec, Extension: 72°C, 30 sec, Final extension : 72°C, 5 min O|%iC}.
PCR 422 1% OPI2AA HI|FS22 QIS 2M Gel Doc AlAEI(BioRad, Hercules,
CA, USAIM  AlZ3te|Qdct SEE 4822 CleanPCR(CleanNA, OmegaBioTek Inc.,
Winooski, VT, USA)2 ArE3I0 HAHEQUCH 22 =9 HA=E MMHMEE 22711, CleanPCR
= ARt Z2 ©HH (HIEY dd2)s AAstt. 84 2 44d= 37|= Bioanalyzer
2100 (Agilent, Palo Alto, CA, USA)O{Al DNA 7500 22 At2st =2¥si¥el =&
amplicons2 20} lllumina Miseg sequencing system(lllumina Inc., San Diego, CA, USA)
€ 0|83t 2AM3IUCt raw read 22|l&= Trimmomatic ver. 0.32(Bolger at al., 2014)&
A3 qualityE &QI5tD 250|9F ZHEZ readES ZE{2SIY SO paired and sequence
datas= 7|2 0742 VSEARCH version 2.13.4(Rognes et al., 2016) 2| fastg_mergepairs
HHS AL25t0 HESHECH d2[2 Myers & Miller3e] dE L12|ES AI25H0 RAHY
AAIZY 0.82 primergs Z2tURACE unique read= VSEARCHS| derep_fulllength @HZ A}
8310 2251, 2EL|= reades unique read?t A 2RISHE|UCH

UNITE ITS datebase(Nilsson at al., 2019)= VSEARCH2| usearch_global HE& A}&5t0
& AA LYol ARBERULH, Ol o HES pairwise 0| +l[RUCH 7|02} read=
UCHIMEalgorithm(Edgar et al., 2011)2t UNITE non-chimeric ITS databaseE At&5t0
97% AT 0|2 readS0A AL=IACE 7|02t HAH =, UNITE GIO|EH|O|AE Sdll &
FEO|M AR R %2 read (97% 0|2t RALeE)= HAYUEJL, ZIHHQ OTUsE MH5H|
23l de-novo SHAHZS LTI =7t 2M0M|A single reads(singletons)= 42| AUCEH
CHFd 2|42t BIO|20tH EHAMZ Zost= O|xF M2 @ (Seoul, Korea)Q| LF Z224

o2 g9

et & = 3G AIE AT A2FE Y 4] 5E4E ZASH| & s¥uslE
ALZAEATIE( = 68 ot=0f, Alote 4x] 542 108

o
RDA., 2012)0| w2} AR Me EM
=

A
Zt 2| Axbe= EAZZ2 SAS(version 9.2, SAS Instutute Inc. Cary, NC, USA)S
0|25t DRMT(Duncan’s Multiple Range Test) 5 % £Z0|M R942 AASIFTHpK0.05).
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B (B8, 5~99)

o (BAE) + 0)d= 2 Hr(6~88) + 0Jd= 2| + Tt Afsy

O3 2. Q4 482 ARG 78 U AFH2

hnl

B2 QY 8 = AgHe d 22| = 1@ Fo EY e £ Bl
T & pH EC SOM Ca K Mg Na

42| 6.3 0.23 18.3 52 0.4 1.3 0.1
NC 6.4 0.20 19.7 49 0.5 1.2 0.1
T 6.4 0.15 19.7 54 0.3 1.2 0.1
T2 6.4 0.24 22.4 5.3 0.5 1.3 0.1
T3 6.4 0.15 19.7 54 0.3 1.2 0.1
T4 6.6 0.18 15.1 6.0 0.4 1.3 0.1

S18#el™ 6.0~6.4 050~1.00 20~30 50~6.5 060~1.00 2.0~4.0 0.15~0.2
2 = g el d B iii“é;m%)
w0 BEQIMZZYY [EE 2] Y oIYR EY

Loj
I
0x
N
AN

2 A el 29zt 2AIRE 22t Ae[7E EY siefd2 g A2 T1a T3, T40A
137 x2|Qt OFIZIZ|2 EC ZH0| LOl¥Om 4£CtIstAS ZuiStD O|MS 2|5t T2 xa|7
= 7712 0| FA|72 NCoi| s M| Sotete d¥S EAUCLHE 3).

2 mgent /313




B 3 QY £8 = AlgHe d 22 & 2@ Fut EY e £4 Bl

T & pH (dE/Cm) (Sgc/)kl\g) = Kcmo|(+)/kMg =
g

el A 6.3 0.23 18.4 5.3 0.5 1.3 0.1
NC 6.3 0.20 19.6 4.8 0.5 1.3 0.1
T1 6.3 0.16 19.8 5.5 0.4 1.3 0.1
T2 6.4 0.23 223 5.43 0.5 1.3 0.1
T3 6.4 0.16 19.6 5.4 0.4 1.2 0.1
T4 6.5 0.17 15.2 6.1 0.4 1.2 0.1

8™ 6.0~6.4 050~100 20~30 5.0~6.5 060~1.00 2.0~4.0 0.15~02

et 28 S ZHAIY A2l M EY (Y

D BFEQIMFAYY [EH 2] Y oYz EYQ 3tetd 7|E

— —
2E M|t 2 2018 2017 el T30 ZE0| tia 52 s E2A0 NCe T1,
T20| A Qlth S0l Blwa HUACTHE 4).

2b AE 22|12 3W7F AAISID QIAF HAI H EQF B5tA
o

B 4 392 Al A2 = oY dA4 d EY shetd 4 Bl

S oH EC SOM Ca K Mg P05
(ds/m) (a/kg) cmol(+)/kg (mg/kg)
NC 6.3 0.1 23 3.7 0.4 0.9 166
T1 6.4 0.1 23 3.9 0.4 1.0 180
T2 6.4 0.1 25 4.2 0.4 1.0 220
T3 6.3 0.2 24 4.6 0.7 1.1 340
T4 6.4 0.1 23 4.5 0.4 1.0 410

5l8#He 5.0~65  1.00[5t 10~30 3.0~6.5 0.3~1.0 1.0~4.0 100~400

00 02

2 A M2 = 19 JAOIM AfEist 2aS YASHE 1dE S QY 3HYRE E
sietd S4S 4% 20N 3Ednt 10| Faet 483y 2E M7t 24 FRE=2 5
7|22 OlU2 MEstALL SI8Y(0IM IA HO{LER| RUATHE 5, 6 E OF 3, 4)
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H 5 Q4 3Ed E 55 §4 H
oo oH EC SOM Ca K Mg P,Os
(ds/m) (9/kg) cmol(+)/kg (mg/kg)
NC 5.6 0.61 24 3.8 0.5 0.98 176
T1 5.5 0.46 24 4.4 0.6 1.21 194
T2 5.9 0.51 26 4.5 0.7 1.07 249
T3 5.8 0.71 25 4.7 0.5 1.13 329
T4 5.7 0.91 23 5.2 0.5 1.24 385
5a8#He 5.0~6.5 1.00[5t 10~30  3.0~6.5 0.3~1.0 1.0~4.0 100~400
H 6 Qe 498 EY 35ty E4 H
e oH EC SOM Ca K Mg P,0s
(ds/m) (g/kq) cmol(+)/kg (mg/kg)
T1 5.9 0.4 25 4.3 0.4 1.1 179
T2 6.1 0.2 32 4.1 0.3 0.9 205
T3 6.0 0.3 25 4.4 0.3 1.0 248
T4 6.0 0.4 21 4.9 0.4 1.0 352
NC 5.9 0.4 24 4.0 0.3 1.0 170
5|89l  5.0~6.5 1.00/3t  10~30 3.0~6.5 0.3~1.0 1.0~4.0 100~400

il

24 HAl4. 8)

SH7HIAI 2] (4.
13 4. M2 B4 FA U

12))

SH7tEAIE 22

I s S HE




I 22| 7|12t S 22 B’gt= E4 X2|7Ql T1, T3, T40A HIZFZ|=20|
CIOFOL} Che X2|5tR| e NCQF T2 X2|FoMs Ch7|=2=0
IO|E2(EH 5cm, 25cm) 6~9% = LAz

= O
(@]
S
L]
=l
1o
Hn
02
nv
[©]

AN ocoo=2
e 7[2H7-8E)0 AlSteE AL S55t CHE A2[70f Blsh 2~5T Y
2oFAH(AE 5, 6, 7).

= t
LS LIEILHRUCE 28 AI” 22|Q] 2Eai0fl= 192fet B|XE oS EA=2L 149

20

15 -

-5 2| —B-T1
T2 =>eT3
—Ta 72
10
63 78 83 9d

a3 5. Al 2| 192 2|8 AS2= HeHEY: 25cm)

0% 6. Al 22| 27t M2 PE AZ2E HEHEA: 25cm)
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A)

30 -
20 -
15 -
10 -
5 == 25cm
== 5cm
0 : : .
6 7¢ 8g ol
(B)
30 -
25 -
20 -
15 -
10 -
5 - == 25cm
w=fill= 5cm
0 Y '
= 78 8 o
(@)
35 -
30 -
25 -
20 -
15 -
10 -
e )5cm
57 w=fili=5Ccm
0 T : 1
62 78 g 9
0% 7. EY Zold BAA|=2(A: NC, B: T1, C: T2)




e +F g2l &2 712 ¢ s7F &5 HEE lo) M7 T49] Al 22 =¢st
o AEiel 32 (7 & ad 8)ut #2 ZuE EACL

ok
9_

m

B 7.74 He|+ &0 + E4

o

—

" 7 a3 g27g o7g
2T A gz & o

(mm)  (mm)  (9) N G o %) )
793 822 2402 185 751 83 43 00 0.0
66.2 71.7 146.8 1.74 7.7 8.0 4.1 0.0 0.0

58.3 66.4 103.7 148 7.96 7.5 3.9 0.0 0.0

B ol | 2

* (O 200g O|4, & 120-200g 0|2t A 80-120g O[2t, H|AED 80g D|2t

QM A3 = AIY Ho| M EY U BaMSY AR YSE Fusarium solan] B 0.24
CFU/g £Z0I400) 2t AIE X2I2 117t UAISH 3 YSE 0.19~0.28 CFU/GR 2 ¥atE
20|17 UUCHAY 9). AlE 32| 293j0IME £ solanR] YEIL B4 22lR0lM Ye ZEoly

SHA™ 11), £ solankt &H 2 Qit Be|MSYE AT Cyliindroncarpon destructans
O UETt NCOlM 77.4 Copy/g F2Lt 2|7t T30|ME 33.7 Copy/g=E 2 58% 7t ZASHA
CtAa™ 10). A" AHe| 3Exfoz G4 2|7l T1, T3, T40M £ solanR| LY=ot U2 3
BJCHAY 12). 3 A 2|2 ftmstn Qis FASH| d 24 A2|Hel $Ms
Y=oMe G4 A2 AU T12 T40|M 7|&2| OISte| C destructans’t 2% BEE|
QI ZfAOl= POl gl Aoz Wtels X1 1 2 X2|FoMes BEEAl &
CHE 8). Qlaf dAl & 3EM 2|8 (M3 ad YoM T1 22|7el 38 EY A
Z2O|M 33.9 copy/gl2 F2M3Y dA0| 7|Z2| 0|5t2 AZSEULD 9”0 HAISH EA40
Me 232l NCOlM 7[&2] ofste] s=2 HAEEACH A 13). O 2 AH2|FoM= E=
A He|E HeH3HeR YxolM= 98 EAMAI NC, T1, T4
o QA ZHURE Eaz BN ZM0Me T4 H2|F0M 7|&
CHE 9).

i el

;0 $Q OoF oo
0D jo e ru|o

S| 2| OIQICH OQlAF HAl 4
OlM 7I&2| olstz A==
Z| Ol¢el HARO| HE=U

=
°
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CFU/g

0.5

Before

—

O3 9. 197 N 2| & |78 EY W H2AUIY JAD(Fusarium solan) L=
A

o [N
(Before: AlR 22| #(4), 2 2 2t Alg 2| £(108))

NC T1 T2 TS . TS
% 10. 292t A" He|Al A2l EY W E_D(Cvlindroncarpon destructans) &4
22‘0[!3

20,000
18,000
16,000
14,000 -
12,000
10,000
8,000
6,000
4,000 -
32,000
o 4 = . 5 R
NC T1 T2 T3

Ta

a2 11, 2EZE A" H2lA| M| EY W WA (Fusarium solan) &4

2. REoInt 319



““\ — ||||| IIIII 1
WL m™ Tz T=

T4

% 12, 397 AE He|A| He|lE &Y W "R_ATD(Fusarium solan) &4

B 8. Qe A T QY 2@0M X2|HY ELHYUD U: 24 2
X VA
NC ND" ND ND
T1 ND ND 1.95E+01
T2 ND ND ND
T3 ND ND ND
T4 1.87E+00 ND ND

X: Cylindrocarpon destructans 42 ZE, Y: Not detective
Z: DNAQ| &2 LIEIL wf A= 2|, 1.00E+02 copy/g 7t 7|22 ==

Copy/g

MC T1 T2 T3 T4
3g mpE moE

a8 13, ek A = QY 38 22|78 EY W EHIH Oiindroncarpon destructans) &4
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H 9. XMel7tE EQHEIT Y RO0|3EI—4EZ, 2022-2023)
(Et2]: Copy*/q)

. 20224 (3H4) 2023 (4'H%4)

3¢ 6 o 3¢ 6 od 9 (Zd)

T1 33.9 ND ND ND ND 35.8 1.4

T2 ND ND ND ND ND ND 2.7

T3 ND ND ND ND ND ND 11.4
T4 ND ND ND ND ND 2.4 2.7E+07

232 NDY ND 23.8 ND ND 95.4 1.8
+copy No. = Xng*6.0221%10%molecules/mole s X=ds DNA®| 2ng). N=dsDNA®] ZI0|(bp)

(N*66Og/mole)*1*109ng/g
X: DNAQ| &2 LIEtd f A= Ct2|, 1.00E+02 copy/g 7t 7|4 s&
Y: Not detective(A&E|X| %4L)

5t
QU011 Cylindrocarpon destructans$} Fusarium solanR| &I 0= EQIgt 4 QACH
g 16, 17, 18, 19). Q& 43M A7[0ME EY O¥E & Md ZH0A T22F 22+
NCZ} 7t QAUBAZ dMstD, T1, T3, T47) 71712 QUETAE Bfehq ojlse 22t
£t HIE Xe2lzts E48 BT A 20, 21).

T 2 = =
2(Phylum) Ascomycota
2 (Class) Sordariomycetes
= (Order) Hypocreales
H(Family) Nectriaceae
£ (Genus) llyonectria
Z(Species) llyonectria destructans
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The Phylogenetic Diversity indes
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Principal coordinates analysis
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Taxenamic composition
( e |, [cution |, [Eutoft - 104
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a8 16, A27E Q
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EQD|ME Z(class) ==(Sordariomycetes)




Tinomamic composition
( Order | (Cotem |, [Cutf: 1,004)

W =
141 I
Tl —
b 4 i
A |
1 | 1] T 1 1 1 1
i i bl ] L] il i 1 B ] (i
Proguoctian (cubofl % for E7C buxa: 14
O 17, Me|7E s 23y ELO/'EE =(Order) =&(Hypocreales)
Taxondmic composition
( il | [t < [, [Cutf - 1.0%]
4 =
e
Tl ]
A - 0
1 O
T | 1] T T 1 1 1
i i i ] i I il T 8§ n i
Pregurfia {cutigff Y for E7C faa : 1,04
32l 18, 2|7 2l 2 EL0|ME TH(Family) F(Nectriaceae)
Taxondmic composition
(e |, [Coton ¢ ], Qe - 10%)
W O
1
T =
FbA -
i
1 | 1] T T 1 1 1
i i ¥ ] i I il [ 8§ n i

2l 19, |7

Pregoeian [cut-ofl % for ETC e : 1,044

OlA UM EQO|ME &(Genus) &= (Fusarium sp.)




Tl 11 0T 00 )

PC2 22.18%

PC1 53.97%
J21 20, OlAF 4EM 22| EY M 22 PCoA 24

PC2 27.28%

PC1 46.20%
03 21, Q4 AWM X2IPY EY UF 2Y PCOA 24

[TOIA 222|701 NCe} Blm5H0] Cha &A| EQISIICHE 10).
24 QIMOl MR M SHOIME NC 2Tt 20| 12.1m2 Y2 FFo|YoLt 2
Ol g1 1 9| WS SHL HIZHACKE 11).

32 AIY Hel B Ay S BRY H2TY AU 4R SYOM HeTY 2dye

1]
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%
4
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o
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N
~
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0 Ho
rln 0
x &

Wi

3
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-

a3 22. 2|78 Ay 29y =7
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e FA=0/1.6m) Z0k=(7H/1.6m) Z0t2(%)

NC 65.3 35.7 56.0

T1 70.0 55.7 79.5

T2 67.7 51.0 754

T3 65.3 473 72.2

T4 63.0 433 68.8

B 12, M2l Qi 24 A48 4] £Y

Hzm =8 B8 3% 3HE g8s g 988 88 83
(cm)  (cm) 8 (mm)  (H) (7h) (cm) (cm)  (cm)
NC 12.1 35 1.0 1.7 2.1 100 36 4.9 2.5
T1 13.7 3.7 1.0 2.0 2.1 10.3 4.4 52 2.8
T2 134 3.6 1.0 1.8 2.0 9.9 4.2 52 2.7
T3 141 42 1.0 1.8 20 103 45 5.7 2.4
T4 13.7 3.9 1.0 3.2 2.2 10.8 4.1 5.8 2.7

CHS afiQl 3 QIASl 2022 T2 *2|F0M 66.8% = 7t =U20 T3 22| F0j|A

2 BCH T3 X277t 4& 2AeR|H0|2t &0180| Y2 Zie=z
HR3HE o LE *2|71e| £0+20|
5} 14

dg £ = )

OMe 24, 28, 234, a4, FeU8 0N SA4H 7940l g, tiz+2l
3l q
A

3D T2 H2|7ojA

03 23, H2APH QU4 39y 4 BE
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H 13, H2[E Q4 39 0t
T = 015 (%)
NC 65.8
T1 56.7
T2 66.8
T3 48.7
T4 51.3
3E 71.5
H 14, 2|78 Qly 39 248 Me &Y
o =2y a4 a3 gYs PR fdHY =R =
T = (m) (mm) (mm) (7h) i) (cm) (cm) (cm)
NC 23343 9833 2.7+0.3 2.8+04 141+15 55+0.7 76+05 35103
T1 257439 11030 26+02 2901 152408 6.0£0.7 79+0.3 35205
T2 251831 1024 27101 3.1+04 157220 5.7+0.3 7.7#1.0 35103
T3 24326 10821 2702 31205 157425 53203 7.7+0.7 34404
T4 28049 141136 2804 33x06 169432 54+07 78+1.0 34406
382 28333 132813 25+03 34404 164+£17 6.0£0.8 7.8t04 3505
H 15 2|78 ey 39 2518 Me &4
o =& == =23 =& AHE FeH2E
T T () (@) (mm) (mm) (%) (%)
NC 19.2a* 10.8a 13.7a 8.3a 3.5a 0.7a
T1 16.9a 7.3a 11.3a 6.8a 4 .9ab 0.1a
T2 17.5a 7.3a 10.7a 8.1a 22.6¢C 0.3a
T3 13.7a 6.0a 11.7a 6.0a 7.6ab 0.5a
T4 15.1a 6.1a 11.2a 4 .8a 3.7a 0.2a
CHRA 16.3a 8.3a 11.3a 8.1a 18.6bc 4.3a

* RTE A ER

22| 3E¥0|0f 2= *2|7= DMRT p < 0.05 72| &Y
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et 4AM AI7|0l= 2029 F% T22H NC7t 7HY =2t Ol= Ald Z¥ 9 Qi

ZA2] 4341} e +F0|U20 T39| 3% 7HE 2 UERH 4T dS0M= NCet
T27b 7FY =D T4, T1, T3 £0|Y2Lt BE 2|77} 27l 22| 48dEL 225
CHA 25 E & 16). Y 424 A7|0ME AYFO| Lot T2 FHE FII2 =
AStREEI(AE 26), 22|70l et &otd SRR &2 75 = GRsT AUU=E 2d)
b 2 B BSECH =10 HE S0l =2 O 2d)0| LSt Ml 7olHl
20l QUUCHE 17). 4 4349| A5 E42 Y2S0M T27t 7+ =2 1 2| A=
FoAHoZ Yo, A2t MIee B Z2[6HA| G2 T22F NCOM R[22 AT
=%

g

(B 18 & 37 27). et H22 22 ¥ S+ GYotH Al WEH 245H=H|(Reid

and Petrie, 1991; Fujita et al.,, 2021), &< 2|8t X{2|F70|M 24 L b5 20| 2|5 I

Si7F ot Ao FYEC XMalE RHES T30|M 7 o

$F0| SYE Aoz WU HHEDN Mgy U2 T3, T40M =2 H2lE2
1

NCOIM Fo|He=2 7t = LdstACHE

H 16, H2[7E Qi 444 2018 L MR H4x EY

oo £0t8 =% A% 23 =Ry = e R
= (%) (cm) (mm) (mm) (cm) (cm) 1) (i)

T1 34ab  44.7cd  24.0c 4.5 11.8 4.7 223 1.5

T 68.3a 549b  31.1b 5.3 14.2 5.8 23.1 1.6
T3 429b  432d  23.9c 4.5 11.2 4.3 20.9 2.3

T4 5.5ab  49.4bc  27.9b 4.8 12.5 4.8 213 1.6
NC 69.8a 51.9b  29.0b 4.8 13.2 5.4 20.5 1.0
22 696a 640a 34.7a 6.2 16.3 6.9 24.2 1.6

*DMRT: p < 0.05
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(T2l %)

T = 2oty &S SHH BIAS B S HRA BIS P &=
T1 18.8 3.2 0.0 1.0
T2 13.4 4.4 0.0 0.8
T3 16.5 7.6 0.0 0.0
T4 15.0 3.1 0.0 0.0
Fxe| 3.8 8.2 0.0 0.0
H 18. X278 Qi 498 o8 Mz E4
S H2E =& e =g A2 2 [
(9) (cm) (mm) (mm) i) (7h)
T1 10.7c 15.6b 12.7b 58 10.6b 17.0bc
T2 25.2b 18.0b 18.7a 52 19.7a 24 .3bc
T3 11.7c 15.2b 12.9b 6.4 8.7b 7.4c
T4 15.7¢ 16.3b 15.5b 5.6 7.7b 7.4c
NC 13.8c¢ 18.5b 14.2b 5.7 11.9b 35.3ab
=7 36.1a 26.7a 19.7a 7.4 18.3a 59.5a
*DMRT: p < 0.05
H 19. H2[7E Q4 494 2|ot8 Hell &4
T = FHE(%) HHE(%) SEMEE HiIS(%) FRlS WS (%)
T1 34 .9abc 28.2a 3.2a 16.5a
T2 15.5bc 24 .6a 6.3ab 2.0a
T3 43.5a 44 5ab 11.0b 3.3a
T4 37.7ab 63.6b 20.8c 2.1a
£ 2| 32.1abc 28.3a 3.2a 43.4b
222 10.0c 34.3a 6.3ab 3.3a

*DMRT: p < 0.05
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f
HeltoMe dEwAl U oY | == AlZIol= 3&o| T1 2|70
33.9 copy/g, 98O FAz2|5Q NCOM 7 | sE2 4252t O 2| HH2(TolAM
= d2&[A| ot P4 +2= FAISHUCEL Ef% Sfiel 4ddoME 98 EAAl NC, T1, T4
F A

oX
>
w
My of
0=
10 O

oM 7IE2| Ol5t2 HEEA2L g FHURE =2 F4st ZR0MEs T4 11E|—_rL01|H 7|E

2| Ol¢el FaT0| HEAC. a2l 2} 22|72 UY W] &Y & £W982 390l ==

AZ|RE 2E A2|F0M 22 Blueh 222 3Ed CiE| YAl 55| T4 22|7o|Me

20.2% UL ET ZE Aol YT HEKME 4dd ATIE TIE22 NCF T27t 7+
A

=ULL T4, T1, T3 0|2t B+l 222|440} H|WS0] 3| FAUSIL 2[6HF 4= &9

HA 4AY AZIE TIRCR T2 2|77t EZS0IM 252922 7H =L iR 36,194} Bl

St 3 FRISIUC 2SR 45 54 & ZE Ael7e URT tiEl M2eoiMe 2 42 B
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ABSTRACT

In response to climate change, this studies were investigated to test the possibility
of new income crops in Gangwon State and develop stable cultivation technology for
industrial crops affected by weather conditions, such as tea tree(Camellia sinensis),
Paeonia lactiflora, and Cnidium officinale for 3years from 2021 to 2023. Four
experimental fields for tea tree test cultivation in the east coast region were selected
in  Yeongok-myeon, Seongsan-myeon, and Sacheon-myeon in Gangneung City.
Minimum temperature in wintering period of Seongsan-myeon experimental field was
1 t0 2°C higher than it in Boseong County, Jeollanam Prov., the main cultivation area
of tea, so it was found to be possible for tea trees to overwinter. Six tea tree
genetic resources, seeds of Hadong native species and Yabukita mixed lineage and
cuttings of four domestic bled cultivars, such as Bohyang, Chamnok, Myungnok, and
Sangnok were collected. Hadong native species and Yabukita mixed lineage did not
germinate due to low temperature when directly sown in test fields and 4 domestic
bled cultivars had survival percent of over 95% when planted in all four test fields.
Seedlings of Hadong native species and Yabukita mixed lineage had lower height,
crown, and main stem thickness than cuttings of four domestic bled cultivars. When
thermal tunnel was installed during winter season, wintering rate of Yabukita mixed
lineage was 68% and Hadong native species and four domestic bled cultivars were
over 84%. However it in treatment where thermal tunnel was not installed was low
and it was found that the test field in Yeongok-myeon had almost no wintering. In
order to test adaptability to cultivation of Paeonia lactiflora within Gangwon State,
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experimental fields were built in Duchon-myeon, Hongcheon County and
Sangdong-eup, Yeongwol County, and those of Cnidium officinale were built in
Cheoram-dong, Taebaek City and Daegwallyeong-myeon, Pyeongchang County.
Comparing average temperature, maximum temperature, and minimum temperature in
Hongcheon and Yeongwol regions over the past 10 years with 2023, it was found
that the temperature increased during growing period and number of rainy days
exceeding 18 days and precipitation tended to be concentrated in July. The seedling
emergence of Paeonia lactiflora in Hongcheon test field was 92.3%, which was
higher than 90.7% in Yeongwol. Growth characteristics, including plant height,
petiole length, and stem thicknes, of Paeonia lactiflora in Hongcheon test field at
three months after planting were better than those in Yeongwol. At three months
after emergence, the level of occurrence of spot disease in each region was the same
as 3, but powdery mildew only occurred in Hongcheon test field. In late October,
root thickness and length of Paeonia lactiflora in Hongcheon test field were large and
dry weight of it was 116.4g, which was 2.9 times higher, compared to the Yeongwol
test field. Comparing the temperature in Taebaek and Pyeongchang regions over the
past 10 years with 2023, maximum temperature from June to August was above 3
0°C. Number of rainy days in 2023 decreased compared to the past 10 years, but
from July to September number of rainy days and precipitation tended to be
concentrated with more than 14 days per month. The seedling emergence of Cnidium
officinale was 75.9% in Pyeongchang, which was lower than 87.3% in Taebaek.
Growth characteristics, including plant height, leaf length, leaf width, and number of
stem, of Cnidium officinale in Pyeongchang test field at three months after planting
were higher than those in Taebaek. At three months after emergence, the incidence
of anthracnose in each region was the same as 3, but the incidence of leaf blight
and Cnidium vein vyellowing virus were higher in Taebaek test field than in
Pyeongchang. At six months after emergence, root thickness and length of Cnidium
officinale in Taebaek test field was smaller than that of Pyeongchang test field, and
dry weight of it was 50.6g, which was 83% lower than that of Pyeongchang.
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B 18, LR AHEYE +HFTY 29 Y54, am)

=5 SIsMiZ ofIIct EH B § = o= ¥ =

2| (Ade) (Hde) FH=ER) @EsR) @52 E58)
oz & 2 46 46 1 2 36 5
S2] e 24 23 23 26 34 23
oz H 2 30 34 30 35 24 24
rMete| R - - - - - -
MAte H 2 41 38 25 27 17 19
& g 12 11 21 22 17 11
Ap™ . B
L= HES 21 31 23 19

s ZAY 12021, 4. 28, RAFY 12022, 7. 14.

53 SIsAMAE oLt EA B #HAE Md4Es @5
2| (M=) (HH=) HER) HER) @22 @3R)
oo B 2 9.6 9.7 9.4 1.4 8.7 9.3
S22 HEe 9.2 9.9 6.2 7.5 8.9 7.3
olzy H 2 8.1 10.6 8.1 8.7 4.9 4.5
el HEe - - - - - -
MAa B 2 12.6 10.4 7.4 9.2 5.0 4.8
¢ dHEgEe 7.0 7.5 7.6 9.1 6.7 2.6
At ] )

Aol HIE2 9.0 1.3 9.2 8.5

x ZAY 2021, 4. 28, RAKY 2022, 7. 14.
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2254 52 44 74 74 88 104 134 152 88 66 62 62 1000
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FEAY 22 1042 BHVI2, 2272 E 2A7|2S 20231} HlUSH EH 243
1 ORPIAZ2 EF7/2 S 7|20 d5t 422 UER20(AF 8), 78 s 7 18¢9
e (® 21)2 28 9)0| YSote d¥E HERIT

45

———10EZt WA 7|2 —e—2023d WA 7|2
107 X D72 2023'd H 7|2
——10u 7} XX 7|2 —e— 2023541 %] X2
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30987 67 63 83 90 89 102 164 151 100 62 82 68 1121
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22549 64 54 82 70 96 106 136 146 92 66 60 62 1034

2023 7 2 2 9 10 12 18 N 13 6 9 5 104
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ZpSQUA s 211 21) FALE 7|2H: 2023 ~ 2023
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Ty 2ok 2] Vtsd AYE 2ol ST FEUL FEFE AsSS AYo| Al 2SS
MY 2 AYEYR2 A =Y d EY olgetd M Z1 pHIZt 6.35 ECHt
0.89dS/m, /7|2 ©F0| 35.49g/kg, L=QILH0] 642.7mg/kg 0|11, FE A2 pHZL
6.3, EC7l 0.56dS/m, §7|2 &2F0| 65.46g/kg, L&QIA0| 1,135.77mg/kg 22 LIEILHE
22), 2= ANEA0M Fst=s EES AIO|E(https://soil.rda.go.kr)Q| H|Z2AL22{dof wt2t
H 231 20| AHHEHO| AH|StALL & S(2019)9] & 2Qxt AH|EE 7|[E2=2 EHIE
2,000kg/10a @2 HRot0 a3 R/FSHC.

H 22 ZHHfEE 29 M Afer AfHjZEYH EQ O|stetd

EL pH EC SOM Ca K Mg  Av. P;Os LR
(1:5) (dS/m)  (g/kg) cmol(+)/kg (mg/kg) (kg/10a)
s A 6.35 0.89 3549 6.50 1.18 2.74 642.7 88.7
g & 6.30 056 6546 11.07 145 145 1,135.7 133.0
H 23, ek A 489 HYE A ZYE FIHL
AMEiAl BA(m) FAAE.Y)  AAAZ|(cm) AlBIZ(kg/10a) H| 2
sd 269 4.3 50%50 NO:P6.1:K34 EH 2000 Szt
I 424 4.5 40x40 NO:P30:K32 EH 2000 A&

% ZHAZ(EA 39 &) 1 K - 3 7.9kg, ¥ 7.5kg

210F AlEZHHY Z2YEH Z£617|= B 42 18Y, ¥¥ 48 2192 FA & 242t 15247 16
o AL LYol E2JE82 ZHO0| 923%Z CiA =2 LIEIUCH = AEZZAES B
260M=E Y Al T 424m EC S 20234W HAL2EJ) 0.3~0.8C AE =0 Y
HE Z00| 0|7t U= A= ARL[UCH FE ANYFEYZ2 S FARAO| FAlstn IO|E,
o4, Mz S AujEe|7t 25t eL 31 AlFRAE AZPHY I82 S5 Az L FI|4A
QI 2t~ 2|7t 7tsst A 7MY & WSRAOIM 23, g¥Y, 244 S 29| MAo| &
oot AS= LIEIHTHE 24, O 10). 29 371E = 2 42 HRHY &8 Y= 322
EUAOL} SIVIRHE 27| Zaedeet U420 U2 - AIFZYOA O EHAESIFCHE 25,
O 11). 108 st&0f 2fef st 8 T £Y ZAOAM - AFEY2 2|45 4sDt
SU5HA G AIEEZEC 2F0t 2E AH0| Fen, HAESS 116.492= 298 J=
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ABSTRACT

This study aimed to establish comprehensive production technology necessary for
the organic cultivation of Astragalus membranaceus Bunge, targeting major cultivation
areas such as Gangwon State. It involved an analysis of the current status of
cultivation farms and sites, followed by the demonstration and evaluation of key
cultivation techniques derived from this analysis. Environmental factors and the current
situation of A. membranaceus Bunge cultivation sites were analyzed at four sites
located in three cities and counties in Gangwon Province, including Hongcheon
County. The analysis covered altitude, slope, soil physicochemical properties, soil
microbial biomass, and species diversity. It also included an assessment of the main
pest and disease incidence patterns and damage, A. membranaceus Bunge growth
characteristics, and yield evaluation. A survey of 22 farms in major cultivation areas
such as Gangwon state, Chungcheongbuk-do, and Gyeongsangbuk-do was conducted
to analyze on-site technical factors and current status of cultivation farms, covering 28
items including general farm status, cultivation technique input status, and soil
management techniques. Based on the results derived from the analysis of cultivation
farms and site conditions, the selection of previous crops for establishing the A.
membranaceus Bunge cropping system was examined with major crops such as
cabbage and chili peppers. However, the growth of A. membranaceus Bunge as a
subsequent crop was poor in all treatment groups. In selecting organic materials for
organic A. membranaceus Bunge pest and disease control, an evaluation of six
treatments, including Sophora flavescens extract, showed that Sophora flavescens
extract was the most effective, with a control rate of 98.3% against aphids, and
mayonnaise oil had the highest control rate of 78.7% against powdery mildew.
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Organic materials suitable for organic A. membranaceus Bunge cultivation included a
treatment of bark 60 + manure 18 + sawdust 9, which showed the highest yield
index of 81.1 compared to conventional methods, and the yield was highest when
this organic material was applied at 1.5 times the standard amount. Weed control in
organic A. membranaceus Bunge cultivation was most economical with three manual
weedings from May to July after applying black plastic mulching over the entire area,
and mulching material for weed control showed the highest underground part yield
index of 160.2 when black film was used.

H
ol
oF

ro mh
)

Q o K
0x
g'y
>
¥Q rr
a

0
> 30 N

L
T
P re hu
of

=
N

1o
o

Mo O H n
=

22

ox
oy

= ]

= 0% ofo

o Mg o |0 -

0| CHSugiyama and Vivango, 20
|2f 2|5

=

fel
2

J
)
rr

M

|'
J

OH

=i

rir

)

a >
o

M %

& 1
(=]
IZ HASEH FUUHOM AF2HSI2 st =A|ALE
o
=2

Hu off
J

rot
)
4m
1
o
oF
o

_c')_ I
ol T.
8 T
n
o]
N
ofr
11
rlo

r
o
)l
Mo
10
Hm
0Q
rlor
1
E

M
H
B oln
N
40
d
rm
B>

W of oo o ro
S oo He
njo

S
> >
®
J
N
o

o
HU
1o
tm
0Q
4m
o
on
njo
ofm
:Iog
i J
0Q
=2
Ky
mo Jx
n

>
oo rr
_O'ﬂ
x
52
(@]

N
o
> r:l Ho

o kK
> oX X

i)
ox
=2
r &
0x m
_01ﬂ
rr
rr
U fol
[l
N
$0
[
fon
g'ﬂ
o
HU
i)
g'y
0x
ofr
19

o BN
18]

rlo

HM

02
oon
0z

o

X

2T
[>T
U
[~
o

[
o
HU
)
oy

ok
1>
(o]
kﬁ .
c
-]
(@)
D
@
QL
N
(@)
N
o
Jm

o, O4E4, 0dE 248dS S7HAAH (Gelsomino et
£ ., 2002), SHHAEYAREEH

o
mo ox
o
10
O
o
0%
njo
o9l
)a
>_
N
kJ
<
Q.
[eN
@
(o]
=~
Q o

I

o~

?|(Astragalus membranaceus
CHAA OFBAB2 22 oI

I tol =UiolM=
I

o
r K
e
o
iy
;O
5]
>
.
@
No
o
(@)
>
Olok

f
2422 ESs5te 9
Bunge)= & %2
173ha(KOSIS, 2022)Q1 AH™
Ut S, BT}
HiHAO| 43.4%E =tZ|5tH
J3L ®7]s 7= d= Asf
710l wep AZoMe] F/7[=0
AHYOI|Ct Eot MR JHYE RIS V| AHi7|=0| 01 HE
FAEEZ|=0] SI0] ABls2t7t o S/5t7|0f 0jg420| BiCt 0|2
2HE CRI7|sE st TIEe RIIAH MesTtEe AAVIsE

Ojst ZEEMUII=2M A etstnatr +lsHACt

I
o
0 ok
_O'ﬂ
rl
OH
B
-
D
Q
-
3
2
@]
wn
QO
LS
=2
Jp
_o'ﬂ

o

Jo ox X

e NN

N 1

o 1o

. o

N n

~J .

0

L fo

= N
Ir
x
-
Q'E
BJorr
o
>
N0
o

ry 4
2.]_|
©
N
¥0
0x
rx
0
rr
=)
N
o
fol
N
1o
o
]
=i
HN
ton
N
=]
W mor ofF

ro
!

0ot

N
==
=

o rin
ol
J
ol
L)
rel
0
2
ofo
=)

0f0

358 '\ 20234 AEITETIA



iAo Ay

=

=

71 ABhA|

5t

I

35|
er

S

4
2 20218 ZHEYHIIR| 0| 2

(==}

4

S

) X2 2
Al

(Al 1) 7] Ay

L=k

CAIBMIF2HA] -

\}

MEHR|E 2 2704 dESHo] AfHiZ(2]

SH
o

71 771 Aiz|et 2

st

&= Mot}

0]

=

04

Hiol
o o

SIASH =71 AE{R|Q] FF

ol
EX

o)

fn A6t

)

A2
0| Y250 BE AHi7|=0

=
=

12| 20l A2

i
pul

.

StRAE

O]

AEiR = Y
AMEHRIE 27| 01
SIACH(E 1),

[
=
=

—

12|

oA 2

tod

O]

=
e

H

A
(=]

Ho

o
<M

t= 7l

110
ol

7| AHBHO

=

71E AMEiStE

I

k=)
[

e 20214

Al

=4
—

04

4

&
o

=

dd 67 Al =

STRALH.

S O

M
H 57| AHHIR| ATHAE CHACZ 4L0IA 107}

H 57| AR A7HAE CHACZ 4L0IA 107}

]

o

]

S
S

A 247|200 Theh ZAISHICE
[}

af

t=S 10A 571 SAgE= +

=

AL
=,
%7

O]

=3
—

Al 7|

3

r
.

10IA M3 bR

=]
C|

ol
=

4
t

[sh
=]
o]

d s
A4l

—

A
o

FA
Of| A

dA],
o

=

o

ol

(i
2

&

7| A 2[0f
of et

ol
Al
=

!

o

’

7| AHEHZ]
= A

k=l
=

A2
ZoIU2D SA AHel7t 8O
7|

I

3
o
=

=

A

M
=



%

O]

= oW N
~N = N ~
|_._ﬂo %n_u_h_ |n_.l_UWo ~ Kl |_._Ho m__.m_u_ =___.=
o 40 X w0 o0 = A =
i - KK < ~
L < —T1 L~ " O [=)
ol ol & S 5 o = ol
o = ° rﬁ_u © OF 0o B3
< < Mo © = of Rr -
M 30 © or U > m ujo =
o 50 R X Bl M ¥ i <
ujo o TR e~ = Al 0
T o o zn Ao 5 53 g
0 o og _ ol 0 B0 ol = ) 30 =
© WY o <o 7o UF g oo for Nk
o 3 03 01 xl ujn mur_u o T~ ) = /\ _
B X G g W il AR
L B = T B ol oF O Bl =
gy~ ) 3 A = o XN X B3 <
o Dis L 1 ~ X0 w0 o 5 Kjo
o Ok 3 ol RU S o oz il = < £
0 e o uk ok OF 0 ofu S Z b PR  m® 0 S
B RO oo < o TEE G - Ay Iy
CE RO U 0o = o W0 o0 X o i &
L 82 =~ 22X Iy %0 < RO 70 o S
w — 29 = 1 I NKRK LoH 2 - KO 7T B <F i ™
° shal o BEEC W iZaw PRE s 5
B OENR 5 o 20 L S < UF
o o - iy T ~ o w R T __Ab il oF To 0 I O
- 7| — —_ = - - L
= M E = o LoF N oo o< SRl o U R
o 6 = o] T X oo ™ L < ) < N o MO @0 S
o _ XX 2 — 3T X 0 F <F ~ =) —o <
BoRCIE F ANy Sirg bt BT : B
=R e A - el 2 ow o
7 W N O N oo = = ol X
s Ly m R Ly 2Pl B oE ER
ur ﬂ_noy_nAMo b F QB W ooraa T =z ol a I -
0 = T ~N o o — <0 = ! N~ ~
= 1 ] 1o X~ 0 J— ™~
h © m_._ o|0T oju ok .._AE du oo N Wo X MM n .ﬁ_.u o XD ___w“._ of0 N ~ I
i B RS wer o R = B B o2 o W0 I m
- B IS B0 oI . 0 o < I a0 Wi IS = 2
= 75 O = = M ® = o = 1o 0
v W3 B < U T B = W= ~ = H % T
Y U < = w0 =< o BT S & 1 K K& O
= N X M koD — = N o o< Y - = | —_ = Ww T
X T o B < RO B oI E
rild o = ® < O oor ==
oo T HE =< ) = -
oF S 2 m __+oo
oF e g = 7
A <

20235 L A|STLE A

360



B 187 AuiRYEE AMEiR] 400a HE(AE, AL & S)

A 23 EM AHRZ]| Al HA(m) J=(m) ZAKE()  SksE
1 o 1 0-W49 =3 HH 22|49 850 302 0 -
2 Te 9 0-G67 QHWEOMBIPE|LE/ 4500 516 10 s
3 28 1 C-G735 ZMzZ UM ZER[735 7,000 383 20 HE
4 =< 2 C-W207 ZANAAES22P|207 4350 307 10 M
F 2
71 4 E]
s o A4
OIS 7i02)

2 1 2

A A
%I

A4 A4

oz sE 2212 207

02 1. 87| MUY ZACHA AR| 474 HE

27| AEiRE B 22ld &4 21, 47140 AS ZO0l= R7Is MBiA[7t 30~40cmE &
AHEHR| 22~25cmEC} CiA =91 8HUCT QJ|s AHHZ|ZL 1.31~1.58Mg m>(BE 7|&)2
TSR L 0.21~0.38Mg m> UQICH AH{Z|Y SY+EETS 2 HBZI7t 2715 2l
A2G =UHE 2).

0.

0

B 2. 27| AHiRYE iR 42148 EQ =2
o o 25 =EI= 9% ) =
78 HER 2 si2H %) (Mg m?) (%) A OHA I (o)
_ T 145 1.31 506 494 190 316
Qs OWA 4 a9 1.44 457 543 214 243 30
_ EE 107 158 405 595 169 235
0-G67 —x& 130 154 419 581 199 220 X
: Ee 188 1.10 583 417 208 375
ey OO/ e 253 122 541 459 336 205 22
_ B 162 1.20 549 451 191 358
CW207 —3e 515 135 491 509 287 204 22

2. REoInt 361



2| 4720l &
}\rok
o|QiCt. &g

o N do
0X re —

0% i
0Z M —

AZo| Bhats £
i ZHHHZ|(0.85~
et Ee

prl
;

=

ZAICHE AHEHA] 470 E

HeMs w1 M2 auiz|e| &4

AR O Chat 20|12 LIERAeD] BT} olxz|e 2ay
He HEUL Yo| EEE AlgE

20| BF vz Ut LHO| FSSAUCHAF 2).

0z riL N

0 M N

pHE 37447

b &71 AuHof
7l AEH2](0.15~0.29)2Ct =

21,
89)7t 7

s 20 1 2 Hedt ZE, DEMI% s

AEHA|

At
(pH)

40| 2(cmol/kg)
Ca Mg

EC
(dS/m)

QEQIA
(ma/ka)

w/I=

(9/kg) K

O-W49

7.76

0.29 23 24 0.48 12.6 3.92

0-G67

6.89

0.15 11 113 0.37 17.6 3.63

C-G735

6.32

0.89 19 33 1.14 10.1 2.53

C-w207

8.05

0.85 14 72 0.77 4.1 1.03

: 6.0~6.5

2 08 25~30 150~250 045~055 5.0~6.0 1.5~2.0

=0
[=R=]

362

REE

2023E 5 AATE TN

. (2019).

r2A29 H|ZAM2 Y, 87|, p308-309.



o O L HA

C-G7350|AM 71 =Qt A sl 2HHHZ| C-W2070A 712 Yo ZHHHA| 4704 2%
S Z2716Y)0 718 M7t 7t Yot 482 EQCAad 3).

271d Mzol E2 AMpimddt S2tGl0] A0 Tet 2t0|E HOl=H 1378 2l AHBHZ|

BO-W49 BO-G67 BC-G735 C-wao7

20.0

.
&
o

M|ZE =(log CFU/g soil)
5
=

&l
=1

0.0
48 = 88 10
A7

121 3. RAHHAF ZHBHZ| A|7|2 Aerobic Bacteria(x10°) O|AS %2

250 - BO-W49  BO-Ge7  BC.GT35  BCW207

20.0 ~

&
=

10.0

M ZE=+(log CFU/g soil)

wn
=1

0.o

42 62 47 8 10

07 4. ZAMCHA ZBHZ] A7 Fungi(x10%) OIMEX




2 o] dbol W 525 S3) NBO| Felo} BUMAS sie Azotobacer sp.ol Z2
24 U QT2 EYOIN T2 YASIED AR 4744 F pHIF HIRY &S 194 R7ls

ABHA[RL O-WA490IM 7t =Lt pHZE 7t —‘I%S&ESOHE =Totl 2Ed 2l ARz
CW2070Me 42 2=5 EJALHAT 5).

i B (O-W49 BO-G67 BC-G735 C-W207
35.0
30.0
25.0
20.0

15.0

MlZ==(log CFU/g sail)

10.0

3.0

0.0

44 62 GE 102
AlZ|

12 5. RAICHAF ZHEHR| A |78 Azotobacter sp.(x10%) O|A42|2f

0%
X

r

72 cellulase, hemicellulase?} chitinase S92 E4AE MASH R7|2S 256l5I0] E2i0|
I SHAAE TR AHY A2 dg=22 52 4ES o= 0 ? M
AH{H{ A 7H_’t01|k|" H=st 32 2O0|Lt 234 28l ZHHIZ| C-W2070A Fojde=z
g2 deE E0H 3 6).

N

N Aoz
oN rljo mo

BO-W49 BO-G67 BC-G735 BC-W207

)

] pa
o 2
(=] =]

10.0

MIE 2=~(log CFU/g soll

3.0

0.0

AlZl

O3 6. AR IR AIZ]E Actinomycetes(x10°) DIAS |2

364 |\ 20234% AIEGATEIA




Y Pseudomonas & M2 ZHHHF 2t A|7|0] H&QI0| HXSH 22 E/ACHAY 7).

D BO-W49  BO-G67  BC-G735 BC-w207

2000

H
it
o

10.0

HZ(log CFU/g soil)

Lk
=1

= =1 = =
4= 6= e 8Z 102

T 7. RAICHA ZEHR| A|7|” Fluorescence Pseudomonas sp.(x10%) D|A423|2F

& AHA0] AZ|E EY0IdE g A (ACE Index)= dF=271(48) 194 Auiz|9] 32
7/ls ABHR|2F 2l AHBHR|7F B|XEE S~FO0|LE 2Fd AHBHR|S] AR 77l AHBHA|IZE 771.52
UCH & 47120 AZ[E ELDIdE Oy A 2
ABiZ[2t B|w5H0] 775 AHHR|OM =2 F¥E EREC AZ0 T2k oY 297 RS
ABIR|OM = B[22 QHYHO|L; 2l AHHHZ|0| M= SH35] Halstes 8
FROl B0 T A7t 4] 27|(4")0M 4= S71(8")d o2

o
20| 4% 271(10F)0s CAl S7tete d8S EO0l=H Ol 4| 37/ ok

e
0gt
>
=
X
N
O
wui
()]
HT
inl
12
(@)}
&
N)
R
Hir
o
o
o
o

US 52 AU ESUBY Wl S0 Hs| Z7kste AZleh YAFIACHAE §).
1,200 1,400.0 -
O-0-W49 0-0-G67 -0-C-G783 -O-C-W207 /0 0-0-W49 -0-0-Gb67 -0-C-G783 -O-C-W207
1,000 1,200.0
800 - L 1,000.0
800.0 -
600
600.0
400 O—_
\O’/“U 400.0
o 200.0 -
0 T T 0.0 T T
48 62 g2 102 49 62 3% 108
AHHHA[E OTUs™ ®st 20| AHHZ[E ACE Index™ 3t 0|

O 8. AL AMBHZ] 4714 AZ|E EY0|d= 28 Chd gist 0|

*: Operational Taxonimic Unit: 2|9] £Fo2 HYst 2&F HRI2 g 2loiM= T HRIE <&
| readOflM singleton(read 17H2 T4E OTU)S AlQlst OTUL| HIEZ AAlsh= CIHY 2|42
20| 245 readsE SVAAHT M22 20| LAHE 50| Hopy

*x%. ACE Index: “Richness’0f| &8 22 index® 40| 245 L0 =20 Rare OTU(singleton

2 doubleton)| BISL2FE] 245k= T A2 0| H|SO0| 2245 LHER| %2 S0

RUCID TEIO] I A48 B 233



(A1 2) 87| Aoy HAEY 7120 U & &4
i Ao, 2HHAE F7[s2

nl 28m T%%%%%ﬂ 32,534m &2=2 HACt
%ELEOHH B 2{ui 27t 2fA|ot=s HIER lsIHIL

, JEEASEI9| A2 WA Ys2olM 1 H[E0| 10% Olste!
0%E ZFAIGHCEH &7| ABHA| S22 o AL%|= HIES & sItet HImtO# 2l
=s/t2 7} 1,000m G 50t D|Rtez Q! H|E0| S4on] &7| AHHfA|
= SAEQIS IO AR T2EEO| 0fHS0| 43% 2 712 =A QAlstn oLt ziE

N
0| Met RISQISETH QA HRE HWsm b UIN SEoRIZEIle B2 8
[u]

N e
Y
» OfF
N
<2
o
=CI)I=
HIr
$Q
|0
=2
o>~l

oN |0 oY

— O™

N
Mo
4m
=)
rol
N
{0
N
52
£Q
ful
[
i
L

B 4 = &7 /EEFUS 7t (2021, 1. 71&)

olzng [ 2 = B 7 B> s &5 g =
o= St 12 7 2 2 - - - 1
Q1S HZA(m) 40,590 35300 375 4,585 - - - 330
B0k s/t 28 19 1 2 1 1 1 3

IS HA(ni) 3O W 1,500 4,967 1,993 500 1,000 134

= g|
o = —o
A9 o - _
P = wH za @@= aw &= Hy Ws
s s/t 7 6 - 1 - - - -
1S HA(nf) 36,485 32,900 - 3,585 - - - -
Qior st 8 8 . - : : : i
IS U2 (i) 27731 27737 - - - - - -
s st 7 3 - - - 4 - -
ik
HA(ni) 197600 110100 - - - 87,500 - -
RISFED >
\ | | | |
=K 9 ‘ 7 ‘ ‘ ‘
] 5 ’ Z
] ! | '.
(]I% ZL;% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
ER7IEE D2solels mEw Bsorf  Bsotf  Deotfolad

366 \ 20234= ASHATETIA



<&7| AMBiEED

0% 20% 40% 60% 80% 100%

m10d O[3t Di1v20d @21~30d @314 Of &b

<&V A S71> xS= g 28t

0% 20% 40% 60% 80% 100%
mOIEN mE e BRI RHAl ose #HA
CRNEE RNE SAlEiA SOl S mo|E

7| 45 G 22 o Tat

0% 20% 40% 60% 80% 100%

w1 m2E m3E m4'A-40| A

<] AR ZoKeed xS= EtH et

0% 20% 40% 60% 80% 100%
mEe e (== = e
o2 g2y 02 33| m 7| et

<7\ ABEA)

0% 20% 40% 60% 80% 100%

B1,001~3,000m* O3 001~s5,000m* 85 po1~10,000m*
H1p,001~30,000m*  ©30,000m 0| &

| Fsr= OiH| 29| AHBIEC= 7 1B

=
FIES 5
s 9 2 2
0% 20% 40% 60% 80% 100%
m10% 0|5k m11~20% ©21~30%
E31~40% E41~50% m51% 0|4

<&Y| ARHAl SARH TUBIE(1,000m 712>

0% 20% 40% 60% 80% 100%

m 52k O] gk D5~102HY 0112H~20 2k
w21~502H 1= 50~1002-& m 1002HR) £ 1b

CHIBH AHHA| ZOIROD #EE T m3t

2 J|s )
RIs
o= 0 2 5 .
2 4= oF _
=
ey : } ]
0% 20% 40% 60% 80% 100%
BIE =tE o Hslis Bal o= el
B2 ZoH| o XHHE 7 | =t mRQSHERH| A

S I 248t 7] 201 > xEe i

—
Do fzof
s = K 2 | o
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
mZ | e o s 57t DEE S ofeig
Ble ogle mAS AR 2bA a2 ASEH  molet
2 k=1 AlEH X oCk = OlH} 3%
g 9. &7| ZERA S AMbis7t LB HE

2 5ge7at /367




27| eI |0 TS A7(Q] 2% ARt A2gio] 38 SHeRE 4% w0l 7t
Helt £5 =019 3% 2eFUS 7= BRIt BRUeH A AHisIt= 30~39cm 2
B2 05 A7t EACH IS HYOME 24 AHis7ts CHER R S22
2SHUS S| 39 ROREL O ZARICH HR HA] R0ME 2etFSs7H= 2
StA| @t= 717t 87%E AL &l MHisIt= 57% 2 Cha SUCH A4 HAIQF &
St HMsIte| HR ZE 707t HAlstl UYL RSFUSSIe| EFR 60% 0| HA|St
o0 A4 SfoME 2 S710F EUCHAZ- 10).

A

0 [:
ol

0% 20% 40% 60% 80% 100%

T T |
0% 20% 40% 60% 80% 100%
m3E T EEF-Ri 048 g&
Al =S4 A S el = BEEHE D30m0/2F ©30°39cm  E40cmO|&t
3 | cc = 5 | I_z HFEH

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100%
mEF 0 60cmD| 2k @ 60~89cm
E90~119cm ©120cmO| &+ mEEE mE=2 1= mE=dv =}
2 =] =
B 24l 015 Y EA o7
| | | |
124 a3
iy i BE °
23 4 =
| |
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m st o ¥ Y| =t [ER=FN -l =g oA S| 2=Ct
A S|A A w.=2 C| o)
e HAl 315 CHY HAL AZ[D> 3= B 2ot
| | | |
] 2 ’ 4 =y 4 l 5
. ! ! |. ! | ! ! |
0% 20% 40% 60% 80% 100% 0% 20% 40% 60%
w13 23] 33| o| & EsE  O6E o7¥ me¥E mo¥
= A orC o A =S = = = =
% 10, &7] HeiRAL SE Ais LERE I HEH0IREY, B, IS 1A 5)

368 |\ 20234= ASHATETIA




EY ¥ dREVIB0M EHEY RAE AEE2 w7IsUSS7IE B9 wUd JtEE
S ®/ISAME =422 AlH[st AU RIS/t 32 Auir|Zt S E@AHSR
HAES LAl AESIA| Sle s77F RsHASS712] 75% (837t & 657hHE AUAISHRACE 2
A28 SAe AEAS S F 26.7%(1587F & 457h7t DIMEAA S2 Aot ALLt
HEE s7t0ME ARESHA] FUACH 27| ofYA| 2els MBI S0l HO| HA[SHA]
Mol HFASSIIe| R EHES g 1 HAlsIe B

0% 20% 40% 60% 80% 100% o} 20% A40% 60% 80% 100%
= oas ST EEEIE VY =t ootse EE LT
m e = =7l =ASSRI RS mstste = DAtEBIRIR S
pI=DN =X =2 == A= 1 HEEH
A2dsE8 s A BF =z el g
| |
L] 2 + s
1 |
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
= AHOpE SHEEES  oS=Y o ol 2 maR oz E X SR7IERH X a|
DXt HET w2 A = 7|Et O AL SER| 2 S = & =] & 2| = 7| Ef =HASR RS
= n S SAHZ2 Z=2
O ZZ| 22> &7 2&=E B
| | | | | | | |
XISH : ] .
By : ‘ = ) ois = ‘ 4 \ & [ z
i ) 5 ‘ 5 EIS) 2 :# 2 ‘ 1
I I I ] T I I
0% 2034 40% 60% 80% 100% 0% 20% 0% 60% 80% 100%
FEEC LsHEE THEY wHFE
SAREH M =T AR mE mEE whiE wopEsE sI)E)
2 OF Ol ok Ea =2 0| HH <o} =
a 11, Eok = o':T'_‘tI'E—plE(AlHl ST = Ol‘l:l, == o)

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m == oEE g = atebmol m et =A] s woadugsl EEEES
EEEES ER=g=20] AL SR S oo Ssier ma=xH m AR SR S

g 12, Eatis eVl (EEH sAA S7)

2. REoInt 369



Al 3) &7] 2 Yills L4 L Osiz ZAF
27| SIVIRHEE Chast SHH0AM Ydst=0l AR 4704 25 VA SVIFHO| 2R
oLt Abisrtel S LA|7|7H6~8E)0 At T0EFE 23 AHYR| 27440 LS Ll
SIACH O 13). &7 ELHEY Y de= 78 0|F S7icte S E0|0 234 AHHZ|
7t 13 ZHEHR|ECE 28] Ol =2 dY¥2 EQICh AR g EQXEY 9l des
775 MuiR|2Ct 23 ZHHEZ[O|M Ctx =2 S EJCHAE 14).
50.0 0= O WAD O O-GEF == C-GT735 =O=C-\W207
45.0 -
40.0 -
__ 35.0
£ 30.0
Bl 25.0 -
‘i_fn'j 20,0
15.0
10.0 A
5.0 -
0.0 O O O
1= 5= 72 = 102
AlZ]
» AHAE ¢ (HEY/ZAIES) x 100
O 13, AT ABHR| 4704 A[Z|Of E EVIRE &Y 2y
S100 == 0- W49 =O=0D-G67 =3=C-G735 ==C-W207
45.0 -
40.0 -
_ 35.0 -
=
o5 300 A
K- 25.0 -
L’E 20.0 A
" 15.0 A
10.0 A
5.0 - g
0.0 O AA v - — |
ag 5= 72 s= 108
Al71
» AEHIE 1 (YWY IH/RARES) x 100
0 14, WHRYE 444 ADI0| HE EYHAYAISSY Y H2MSY) w4 Iy
87| A A4 RF S5 £ ACSS T LS| YUACHAZ 15). 7| 2 AHlA|
SO HAE 2ot HHSH SIetA|] AFEL=Z &l AH{R|TF R7|s AHHHZ|2t H|WwSHe SOf
L2420 SJATHAZ 16). V(0| Yot c2WF= 0|58 H280| =0t RIISAIME &
ot L7 oLt 23l ZHie| 2 AwA L AFSAQ oY So AEZ EHR|Tt Bl A
SpATHa™ 17)
370 2023 A[RATFETN



a.0 - == 0-WA9 ==0-G67 ==C-G735 ==C-\W207

2.0 A
7.0 4
6.0 -
5.0 -
4.0
3.0 -
2.0
1.0 -

5% ,M

agl 6= T 8= 10
A7

* SRAIRIA  O(LA), 1(1~10012)/9), (11~50Dra|/°=') 5(51~100012)/%), 7(101~200012)/%), 9(20102| OA/E)
a8 15 AHRYEE 474 Ao OE SHERIAS) Ed <Y

WA =x(09)

=0=0-W49 =0O=-0-G67 =0D~C-G735 =0=C-W207

X % (0-9)
wn
o
i

ol 3.0 A

Al

3

0.a = A=
a" 6 72 g 10&
A2

* QIS 1 O(RLY), 1(1~50k2)/%), 3(6~100t21/%), 5(11~500t21/%), 7(51~1000t2//%), 9(1010t2| O/
8 16, AHREE 47L APIO] THE SSH(SOH) T L

a0 - =O0=0-W49 =0=0-G67 =—=C-G735 =0=C-W207

8.0 4+
7.0 A
6.0 o
5 —
4.0 A
2.0 A
2.0
1.0
0.0 A

24 =(09)

aE (=] 7= s= 108
A2

O3 17, MHREE A1 AP|O] OE SRR 2l A

2710 Llshk= UERe 2l AHHIAl 432 ofjH 42 WATE 7tsSto] 2El 2fBfA|
27HA0N LR TE O YA, R71s AEiZ| O-WA90ME &2 S22 S &
=]

2ot EME AHHA| O-G670ME 2d A7t Blud AT 18).



=0=0-W49 =0=0-G67 =0—~C-G735 =0~C-W207

Nt
42 = 72 2g 108
AlZ

121 18, Z{HiR

00||

2 Al A7|of TE So(LER) 2d I

27010 dste =Me|Re Al AHHAl SAHE S LAY 7tsstit 240t s =t
=A| 240t ABHA| 4714 2& BIRSH LS ACHAE

=0~0-W49 =0=0-G67 =0~-C-G735 =0~C-W207

9.0 T
8.0 A
7.0
@ 6.0
iT‘_' 5.0 A
;:0 4.0 1
I 3.0 A
2.0 +
1.0
0.0 n u 1
4 = 74 ag 10
A7
O 19, MuiRYE 4704 A7[0 T2 Solf(Z02|F) 2y 24
(Al 4) &7] AHiRIE 4| §4 L =T "I}
zd 2 Z77|, 2AF¢ & &7 Jdo| SVIEsE joldez2 IVlcte AR E4e B2,
2H8 2B 27HA0IME C-G735 bRt H|ﬂ6ro4 C-W207 A§R|7t RolXoz =gt
J34 ®71s AMER|OM= s7t2] Abite| 0|22 Qs 2= ds E40M 1E4 {2
O-W49ELt Roldoz U2 M EHO0| LEIRCH 0-G67 ZHHHZIOI 3%, 71 AFEo| 25
&z #e|7t §5 0|&35H &z0 ost AE etk FEd AMaivh sl 0|2 Qlst i
Ao Rt S22 FFVI 2Al, St A LASIACTHRE 6).

372 \ 20234% AIEGATETIA



ox  ww awy 22 3R EAr swr gwz 52 98
7Y A4 (cm) (cm) ) H) (cm) o -

1 O-\W49 84.5a 0.9ab 8.8b 102.6a 7.1a 2.3a 1.4a
2 O-G67 139.0b 0.6a 38a 61.5a 10.3a 2.1a 1.2a

1 CG735 1236ab  0.9ab 9.0b 135.9a 8.2a 2.6a 1.7a
2 CGW207 143.8b 1.3b  15.6c 734.9b 7.3a 2.1a 1.3a

e Y= AR T2t 7oAl 20| LIEILA| S

= ==
7olHe=2 SItcte E9= EJUCHRE 7).

72 G B 2| AS88(0-9) #2309 ZIE(%)
- 1 OW49 0.0a 0.0a 0.0a
2 O-G67 0.0a 0.9ab 4.9ab
s 1 C-G735 0.0a 0.1a 0.3a
2 CW207 0.1a 1.6b 9.4b

* DMRT(p<0.05)

27| A5t a2 e 2 AMO| SIIEeE RolHoz SUiste FY¥ES 20|=0 A
HiS| B2 C-G7352t C-W2092| Z1t7t O[2t UZ|SIAUCE 2Lt f7[=AHHe] B% &7t M%§01|
ol E7VI= H=o| F 0|7} s 134 ZHHHZ| O-W497t 234 ZHHHZ|Q O-G672LCt 4
o @ HIST0NM oAz =2 FYE EACHE 8 & O 20).

E 8. 87| HUREE 4714 Ast £ S4

ZHHH R A 1|:L_/'\_ '?'%I- $'% 7-|:L% AH:L_/'\_E’.k 7-|:L_/'\_EF

_ ZHZ [N e) L O — AH:LZ 7_|:]_z — - oL o L o ZA

gy MM @) wm o T2 T2 %) i (i) T

(9/3) (9/=)
ol OW49 32.7a 15.0a 5.0ab 359a 14.1a 40.0a 251.7b 100.7b 59.3
T o

O-G67 35.0a 13.6a 3.8a 25.3a 96a 385a 137.1a 52.4a 30.9
G735 39.3b  14.8a 41a 27.8a 11.3a 402a 1958b 792ab 46.7
GAW207 335a 21.3b 69b 71.0b 287b 40.0a 4228b 169.7b 1000

* DMRT(p<0.05)
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02 20, MRS W
okgaE2 70 0f IS S&V(et S8 Oiefof| st 2Feert S2%t 2&7|0=
AGH(FYE)E =0 =2 diets St &5 FUSE st 247(0ls dFHIE 20 4=
MAYE BYS= 40| 2Q36ITt E£ot &Y= XSHRE AE £e UM S22 A8sts 48
A2 YA (HZsY(ko/10a)8 Adote Q=2 HAY Iy HEE, ZAstR 23(9)
A5 & 2lE S0 A2n 0[S0 Qs 2 S E=Ch &7 A Y28 A5 &
SHE2 EYUGEY U oo ot 2 J¥s gl dA7A| ELMEY SEAA7E o
AR (2 L R7IAME)E ELHUEY OlsHo| 2t 2 20|17t AUCE ZAICHA A{HHZ| 4
HAOIME A[SHE ELMAY UHE2 AuiRIO0| IS O[22 AU=Cl, 194 2siz[2
8% 771 MBHA| O-WA90| M= L4StA| QFtn 23l iR C-G7350|MZ 0.3% =2 A9
USR] QAT 2 ZBHZ[O|M = 2l ABHR| C-W2072] LHEO| 9.4% 2 |F7[& AHHA]
0-G672| 49%ECt of 1981 =Q/}C 2Lt AR Z2S(g)2 OlF =0 L =, A 2t

=0 ofst

AW 0| HIZEICIT JHHE o, BB} g S2 S3 ¥F 23YY
+ A 5 Afufz|e}

8 S0l 2 IS DIRICE AHHA| 47Ha0M= 13
o] ZF0M 2 A0S EO|A| ULt 2Wd ABIROME RoH2=2 2 20|S

Ct Ol 29 R7Is AHBHAl O-G670IA &= 2|7t 0% 0|55t0] &7 K0 3
@z 220 225k S E7h 4804(10a 71F) d=2 A 38|12

=
2T) 30% 402 &2 WO, 0EY S MS AHZ A% 2F YAR U240 Ao
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H 9. MujRE FAE 24 (¢l 2/10a)
WA9(EY| 1H8(R71s), dee 4z 8 {2/2] 49, HOOs)
Z £YUHA) 3,323,141 0 & A=%(B) : 1,628.54%
Rs87)(H2, 294) : - ZAZ| UCHH|E @ 0H(EQIAR)
332%/kg*100.7kg/10a” = 3,323,100 | - A2 L O|2MY
EHE QUL : 30A/Y*2A17H1/4Y)
b UDRSY = M2 (H28/100) =7 5 (7| A UCHAIR 2)
J A2 = (REMESAOESS(1,000nY) | - EBEHAE L 1/Y/LER, BM)*5L = SHY
*(AES/100)«(AFZS18/100))/1,000 | - €AHE L HAAHZ Al
- UAHE ¢ 25™Y/E 6 = 1501
« 1 IH|Z2E2|E(20kg/R)
- HHE" 1 25-Y/EX2E = 50U
= 1 AH|2E2|Z(20kg/XE)
- Q1| ¢ 0K (RFA AlH])
- I+
- B2 0 (A7 HF)
- QIAH| IO 10042/ k20 k1 = 20012
- g Hal
HZOIE : 504(200m/2)*38 = 150¥
Q| 1 IR 12022YQk20 1Y = 24024
- Has A
- ISR 11115 = 114
* 1 BEA(5009/E)
- QlAH| ¢ 0K (RbA| AI)
- A OHAAHIAAD
- ZOKH7| 1 1002H/21%201x23] = 400
- &%
TA|UCH 1 150/ L*4ARK1/2Y) = 752
- QI HRIOIE 12042Y0k0k 1Y = 240242
- 7|Et : ZH| 1004
0 £Z49%(A-B) : 1,694,600%(1,000r 7|&) = 3,323,100¥ - 1,628,500
2. 227N 375




0-G67(&7| 20 (R7|s), ZHE Az AAHS 7tot2] 467, ZOOSH)
0 & £YA(A) : 1,8341¢ 0 & ZZYU(B) : 1,434%¥
- RIls"I|(H2, 284) ¢ - A2 ACH|E 0 (EOIAR)
352%/kg*52.4kg/10a” = 1,834,000¥ | - 22 L 0O|2MY
ZA7|QUC ¢ 130 Y/L*4A12H(1/2Y)
> U = M2 (HUZE/100) = 65X (S7| A YCHALR &)
) MILEF = (RYMEEIIES(1,000nE) | - DAHE U SHE AI(1¥R))
*(AZ8/100)* (A2318/100))/ 1,000| - €HE" : 20X24/100E*3E = 60
* 1 AVHHZ(BE, 05, #ote § EF)
RAHE" 1 16U/ = 324Y
* 1 AE2R7|=5(20kg/E)
AAH| © OH(RHA| AlH])
- AHE AE(2EA}) 1 DJHA|
- tE

- B2 L 0 (APE HF)
H| : ZARIE 1002/QH20 1Y = 240

© 0
N

[

K
o
ne
o

- HIZOHE : 50

o
S
o
o
3
W
*
W
My
I
o
o
m
o

- AA 0 0R(RHAI A A

- ZOW71(12p) - 1002494/21201%25] = 2004
- ZOi71(292}) - OJAA|

- £

- AT |QUCH: 150212/ L*4A[7K1/22) = 759

QIH| © Y 120[/Qb221x 1Y = 24024
- ZAP R | 1-A/L(ER, BM)*20L = 20243
- 7|E} @ &H| 1004
0 27Z4=2/%H(A-B) : 400,000¥4(1,000ni 7|&) = 1,834,000¥ - 1,434,000¥
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C-G735(&7| 188 (&d), Zee Mz 9 92| 735, 2007
0 & £YUH(A) : 1,821.61% 0 & A2Y(B) : 2,159
L B 1 EA): - 22| AohHE : 12494/3.3n*300 = 3004
2329 /kg*79.2kg/10a” = 1,821,600 |~ BT & 01FdE
- QIZAH| : ZA|RZAL 50042/ L*2A17K1/4L)
= 1254¢
L derd = (FEdea+ae(1,000md) %71% . 302%/20kg*2E = 602
*(AZE/100)*(&f&8+2/100))/1,000| . AAM3|* : 12:2/20kg* 10 = 120
* . E35HH |E(24-16-5) 20kg/%E
SO ET D 12-Y/EA1E = 123
. ;§+H|§<z7 0-12) 20kg/XE
QIZiH| : IO 120124/Q1x1Q1x4A|7K1/4L)
= 304¥
- HElY 2
Z2F 1 ORI ARI7E 2 E)
WIS ESE

10024_/500m*1 28 = 120
* o QAH|LU+Z2} BzF Zot
- WHY g9 D H3

: D*i'tllLI : 30HA(500m/E)*1.28 = 3634
| :L}ol_'_ 1207""d°|*2°|*1°' 24();|__|_£_|
- I-_% 2|
- M 2A|(LIZ2OI0I0| EQA)) -
.5'4%(300me/t”)*1 3 = 7249
HH| @ AR 1202421/01%1Q1x2A|7H1/4L))
= 304
- ol YA
. g*&ﬁl(oré—/klaggtmirxﬂ)*
304 (200m/H) x198+23] = 60 H
- 427 (0|D|CHERIEZIE )
124 (250me/H) =12 §| 24242
- OIZ4H| @ TR 1202421/Q1x101x4A[ZH1/2L)
*22| = 1204
- Al IZOIE 12019/ 101x2A17K1/2Y)
x33| = 90 ¥
- dOi7| 1004/ %2Q1%23] = 2004
- 58 ZAT|RUAL S00UY/L*4AIZH1/2Y)
= 1254¢¥
IOl 120242/0 120112 = 24024
- 7|Ef @ ZH[ 1004 H
o} _?_JSI_/'\_QlO_II-I(A-B) : '337,400%—'(1,000I‘ﬁ 7|—i—) = 1’821’600%] - 2’159’0000




C-W207(&7| 2'34(2al), 2= Jddz & #Hel 735, 2007
0 £ $%M(A ): 4,581.92Y 0 & AEYU(B) : 2,612
- BHE|(A2, 214 | - Z22] UCHHIE ¢ 1212Y3.3n1+300 = 3002
27#9/kg*169.7kg/10a° = 4,581,900% | - B2 ¥ 0|Z4L
- QIZH| : ZA|RKAL 500K/ L*2A|127H1/42)
b1 A2AY = MALH(AZ/100) = 1254
| e - (Reinzenza oooney| - 245 2 SAS N8R
SETe T oresTen e SN L aoigt 1 3029/20kg2E = 60242
*(SZ2/100)*(F2H8/100)/1.000 | yng5y* + 122490/20kg*10% = 1204
« . S3H|2(24-16-5) 20kg/E
CSHAHET L 12WY/EF1EX23[(F) = 24
« 1 S3H|2(27-0-12) 20kg/E
QIZAH| : LI 1202/Q1x1Q1x4A[7H1/4L)
*23[(d) = 60
- MHIE 2 -F2F 0 0— (R D)
- MHIE AT 1 100784/500m*1.28 = 12014
* . GSHIE+3AH £2F Zgt
- MHIE 2 g HY
- H2H|Y : 304(500m/E)*1.28 = 3641
- QIZH| : IO 120249d/Qh 2011 = 2404
- gz e
- A Z2A (L2000 =] A|):
5.5 (300me/HE)x1.38*23|(H) = 144¥
- QIZAH| : EROIE 120224/Q1x191x2A17K1/4L)
*22[(d) = 60¥
- HoljE 2|
- A A (OIFA|AEZYIFSHA|)" -
304 (200me/ ) x 1825« 23|(H) = 1203
- Az (o|o|ICE22m2E 5) ¢
122824(250me/H) * 1H*235]% 23| (H) = 4842
QIZAH| : AL 1202414/Q1x 114X |2H1/22)
+28]%28|() = 240H
C3A T BRI 12038Y/01101x24(2H1/22)
*33]%23](d) = 180
- 2007| : 1002Y/Q1x291x 28] 25|(H) = 40024
- 28 ZAY|RAAL 5001/ *4A|Z2H1/2L)
= 1251
IOIE 1203K/Q1x2Q1x 1Y = 24024
- 7|E}. &H| 1004 ¥
0 2H20lH(A-B) : 1,969,900%(1,000r 7|&) = 4,581,900% - 2,612,000
378 20233AE A[RHTE M




(Al 5) |71 &7| A84A &zE st d&d2 43
H 10, X278 27| A ™ siehyg 24
o EC ©50 2|89 0|2 (cmol/kg)
= pH
Wm Bho ok = v
= 6.28 0.15 26 391 0.24 43 0.72
kel 6.60 0.26 31 517 0.42 55 0.97
=z 6.43 0.32 27 557 0.28 5.7 1.04
LIS 7.29 2.51 34 656 0.68 8.2 1.13
5& 6.48 0.17 26 493 0.33 5.0 0.95
CHRT 6.51 0.31 59 174 0.59 6.3 2.10
A" 6.0~6.5 20|53t 25~30 150~250 0.45~055 5.0~6.0 1.5~2.0
* 27| 2 HE -
H 11, X278 Auf ol
=
oS = e =4 i = k=Rl cH=~
2020(12HAE) &7 &7 &7 7| i sy
20212ztdE) = =z 5& Bl % el = |
2022(3ztdE) 27| 27| 7| 27| 27| 27
(mm) |l Z==
1204
90
80
30 | '
1] . ; . ]. |II L | I | " I |‘ Il II\lm. ‘I|’ ||I .l‘ ‘ } ‘l L | ‘I . :
2022-01-0 2022-02-04 2022-03-10 2022-04-13 2022-05-17 2022-06-20 2022- "‘ 7-24 2022-08-27 2022-09-30 2022-11-03
0% 21, AE A9 (E ZHY) 9 A5 20



27| S0t22 tz2TE AQst 2E A2|F0M 5.1~15.8%2| 42 S0kEs 2R
27| 4FEGES 2Lt Hust ZE 22|70 éfdg% 3.:.5}04 2= @%OI wo|He=
SHop A2f Yo7t dotA LSHACt Y 2 F0 At 7oA

T = £32(%) z2&(cm) d&(mm) = A5 (1) S9401
= 13.9a 10.3a 1.8a 3.0a 5.9ab
nEs 5.1a 13.0a 2.2a 3.3a 5.2ab
= 5.2a 12.5a 3.7ab 3.5a 4.7a
S 10.1a 11.6a 1.7a 2.0a 4 .8a
k=gl 15.8a 16.7a 3.0ab 2.3a 7.1ab

oz 85.4b 60.7b 6.6b 10.9b 10.0b

*DMRT: p < 0.05

el E0HE Az L 20F = YFAH20| técl;I%:O'” Tet z2|7E 20t & 4|
2010] 4=s8t4 Hoi2Iz| &elstr| 2lsl = 22 121CoIM 40& .7_* 25| B
ZEAYS HASHUCE 28 2, Ed EYoME 75 O%°| ZdE8S LEHeH HEd &
YoMz 58.8%2 £ES LIEIL EYF 70 oo £HE0 &S OAls =4 s
2010] YT SHAFAHD 2Ye|LL I 7FE ELOME HI':'”'ﬂ_ﬂLEO*OI U EYEL SO0HE0|

B 125% =/ ZHHe= &Y 7 |—L= AEiAl £0F Y EFES =017] fIoh RYESAES
LEStAL LS S71 72 OlUf 20 59 =27t Testttn TEHEAHAFH 22, 23).
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EOE M)
S
=

|

700
60.0
400
300
20,0
10,0
= kS e

* HAEYS 121COM 40272t

=2

)
0

O =

2
a8 23. Hel7E 20t 2 d|Ad 20 7Y ZEA

02

YOE AZE7] d 6F sted Y0t OrRelsl= 88 She, 280 Z2X 2|78 EY
Old=ds M8 2, EY 042 (M) HEA(ACE 7[F)s 22 A2FoM 71 =
o tH=+et H|usto 1% =2 € E/JL EY 0ld=Ma) HddAlee 2 22+
OlM 68 St==Ch 88 ote0f Y| = dasts d¥E ECL 22 22 FoMe 2% =
Ozl Zes EACHE 13).

B 13, AI7|8(6E-8E) EY Old=(Mz) CHgA|4 et

OTUs* ACE* * CHAO* * Jackknife*x Shannon
-+ &
(=] 8 68 8 6 8 6 8 6e 8¢

3 6,393 4,424 7,0553 543477 6,786.0 5,191.0 7,467.0 5661.1 753 7.32

=z 7,049 6,756 7,802.7 7,656.2 75526 7,355.8 82560 81140 764 7.67

Hf= 7,266 7,031 80469 7,810.7 7,781.8 75425 85360 82830 786 752
s 7457 7,500 8,197.2 8386.0 79416 8,068.7 86970 8830.0 7.78 7.63
T4 6451 5357 71346 62828 6,890.6 59745 7,5740 6,6080 769 7.35
=2+ 6,684 6,526 7,4394 7,4949 7,1452 72085 7,862.0 7,9020 751 7.12

*: Operational Taxonomic Unit: DNA A|ZAl ZDOM SAFSE AIZA7|2| 2= EFCHQ
wx MEO|M WHEIR| It WO of ZO| HOb US JHsME Tefsiol wriE Zol BWE
HiEez2 0| st SR=S =3




2|7 Al7|8 EQ D|MEAMT) BHSIE 2(Phylum) £20|A |2 22}, 2E 2{2|70A
6RECt 8™ Addobacteria®t Bacteroidetes =0| YOfR|= AEFS EO0|11 Chloroflexit
Actinobacteria®0| S7tst= AS ECHAE 24).

100% -

—H B8 BB
S0% .

.
80% | L
70% -
60%
50% -

40%
30% 4
20%
10%

0% -

1st 2nd 1st 2nd st 2nd Tst 2nd st 2nd 1st 2nd
= RES ES BT 74 T

® Protecbacteria u Acidobacteria = Bacteroidetes Planctemycetes u Chioroflexi ®Parcubacteria_OD1 W Actinobacteria
mVerrucomicrobia ®m Gemmatimonadetes  m Saccharibacteria_TM7  m Armatimonadetes m Nitrospirae = Microgenomates_OP11 m Kazan

Chlamydiae Chiorobi = Cyanobacteria u W56 = Firmicutes mlatescibacteria_WS3  m Elusimicrobia

a8 24, A7|E(6E-88) EY Dd=d M) B Z(Phylum) &)

=

flet Yot EY AR 2|72 EY 0|d=(880]) HdA+(ACE 7[F)s Mzlte €
2| 2E Ae|FoM 6EELE 8O IA Sotcts FES EACHE 14).

B 14. N7|E(6E-8d) EY D= (5E0|) ChMgR| Bt
. OTUs* ACE* * CHAO=*=* Jackknife* Shannon
e 62 8 62 89 6¥ 82 6¥ 8¥ 62 8y
= 938 1662 9492 1724.7 942.7 1686.1 967.0 1793.0 450 4.41

1z 847 1257 855.8 12883 8498 12684 873.0 13340 3.87 4.09
Bl 1074 1536 1084.9 1576.3 1077.3 1548.8 1107.0 1631.0 395 3.66
2 1053 1658 1068.2 1702.3 1057.9 1674.8 1096.0 1764.0 3.78 4.48
&4 1096 1547 1111.8 16112 1103.4 15757 1138.0 16850 4.72 4.71
i3 792 1169 804.0 1237.2 798.8 1199.9 822.0 1298.0 3.00 2.87
9

*. Operational Taxonomic Unit: DNA A|ZEA ZIO|M SAISH A|IRATI2] 2= 2
. MESO|M HAHZZ] AL EO[R| ¢t= J0| Hof US 7tsHE 12istof &
AEE Higtoz —'-01| U5t richness& &4
ekl SO 25t S CHdEE et gz #40| 25 CYygol 2

-7-
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e|7E EYY EY 04=(EF0l)E =(Phylum) +F0IM Hlust A 2= 2el7te =

o H|w3H Ascomycota?t Mortierellomycota®l B0 AAH /%Lt Mucoromycota®l
HIE0| i SACHAZ 25).

100%
EE=— —
B0% m | | |
0%
60%
50%
40%
30%
20%
10%
o
st 2nd st 2nd 1st 2nd 1st 2nd st 2nd 1st 2nd
| | [ J | | | J | J
B 2z i 2% 82 CEE
= AsComycota = Mucoromycota = Mortierefomycata = Basidiomycota w Chytridiomycota
mFungi_p mFungi_uc B Glomeromycota ® Rozelomycota B Blastocizdiomycota
W Apheidiomycota mZoopagomycota ¥ Monoble; W Caicarisporielk u Neocalimastigomycota
Entomophthoromycota = Kickxedomycota = G501 m Olpidiomycota

03y 25 ADIH(62-8%) EY OI4SH(@HO|) #HS(Phylum) +7)

M HiZTet Blwste] Ot =2 2SRl RolHQl 20l G He|MSE FAl R+t
Hl5t0] 2E 22| F0A Gt =2 LUSIALE Rold0] YACHE 15)

63 Ste(%) 78 St&(%)

3 0.0a 0.0a 0.0a 26.7a
=z 1.6a 3.6a 14.3a 14.3a
B = 0.0a 2.8a 0.0a 20.0a
=4 0.0a 0.0a 0.0a 20.0a
72 1.6a 0.0a 12.5a 50.0a
o=+ 0.0a 0.0a 6.7a 2.2a

*DMRT: p < 0.05
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o
)
=
rx
e

(Al 6) 77I=s 7] Halls YAo H&st 77
=]

7] AMujAl A Y70 Bdsts Fals22s UR=, S0, HEF S oisa SVIRY, o
g S A=290| A2 YHE= AFENN LT sz S AX=S 7222 GotStA.
Me|7E RISAME Melstd 2442 it = ARE SAIE AL 2L, AYFES
O] 98.3% = 3stofA|et Blot 71y =2 YAHES LIEIHL EEREYAIE 10.9%2] A=
= LEIReL Oid2ret Ze0/d=2 SA =20t gt ad 26 £ & 16)

140.0
1A+ HE| 25 HE 3k M2

120.0
100.0
0.0

60.0

40,0

B &
- 4
! 62 1026E 1126 12262 13262 14262 15262 16262 17262 15262 19262 2062 2162 228

o
e
o
ruO
= 1
e
©
e
o

AARESE -OiRYEE - TFUNYE - BERIEH =X statory
= =|] = =0 A o
a8 26. 2|78 siERIAER) gd = 2 dAHE Gt

B 16. 22|78 siSRIA=R) Ylg vl

=
2 T IMZ2E OIRUZRS ZY0ME ZEQESA S 2|
el ™ 17.3 15.4 15.2 15.9 10.7 13.4
el & 0.3 20.2 21.1 14.2 0.6 16.5
A= 98.3 0.0 0.0 10.7 94.4 0.0
22| T 24K|2F ok & ZAL
H17. BAY 24 (H2: €/10a)
A 24(A) 0|jd 24(B)
o 37t HIg o 37t=le 0|
- RISAA AE| HIE - K712 0|2 YAo| 2 42 27t
- QIAH| 1 EARIL(E) 1204S/QIxT1IXTARZK1/8)| - (MMZREE X2[)248kg - (F2{2])184kg = 64
x33| = 454% kg

- ZZH| : QUSRI 25%494/8 4833 = 18042 | - 64kgx33,0009/kg” = 2,112,000¥
- 7|7 AFE(ARIZSV|QICH) © 30%2/2xTARK1/8Y)| * F71s &71(H2, 1874d) 334 /kg 7|
x33| = 1249 - A(B) : 2,112,000¥
* 1 IMREF(90% R F7ISAR 250m/H
7|% 5008 AFZZ(10aZ 300L)
- A(A) : 237,000
0 274l (A-B) : 1,875,000¥(1,000n 7|&) = 2,112,000 - 237,0009
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S7IR0| I LET &Y RRE HY22 HeHE RIISAAE 52
YAHES BOIE 2, RIISAA AelT S ORUIZRIE 78.7%2 YAE

’

EEA7E 63.1%2] YAHES LEILH 1 2 X2F= YA=2 SUUACK

o

o2 23| 22|
A

ﬁ:lHUru

B 18 22|78 M2 EVIRY) 24 = 4 YAE &t

o
50.0 74.3 112.0 69.7 21.0
10.7 146.0 41.3 3.0 108.7
78.7 -96.4 63.1 95.7 4
20l =AY}

B 19. A9 24 (29l &d/10a)

EHH 24(A) 0|9 24(B)
o 37tk HIE : o 37tk 0|Y
- RS2 22| HE - R7IsAA 0|8 WAoo TE 3 St
- Q] T IARIR(E) 120//2x12XTARK1/8) | - (OIRU|IZR X2()248kg - (F*{2))211kg = 37kg
x33] = 452% - 37kgx33,000%/kg” = 1,221,000
- A=H| : OIRHR 124/EX1-8x33] = 363 | + R7|s E7|(U2, 194) 33:l/kg 7|&
- 7|17\ AE (AIRIZ 27| L) - - A(B) : 1,221,000&
30-Y/YxTAIZH1/8Y)x38] = 1231
* : OJRIR 3 2kg'E 71 10041 AZZ(10a% 300L)
- A(A) : 93,000

0 FHloH(A-B) : 1,128,000¥(1,000m 7|F) = 1,221,000 - 93,000




(AIE 7) 8715 E7IE0l a5t J|HIg |7|12H|2 My

B 20, 2|7ty &7| AHu) A sketd

A42k0|-2(cmol/kg)

ﬂ
g

o EC o718  QFEOIA
i pH I
(dS/m> Té/kg z-l[ﬂg/kg K Ca Mg
e+t 6.51 0.31 59 398 0.59 6.3 2.18

Ayl 6.0~6.5 20|53t 25~30 150~250 0.45~055 5.0~6.0 1.5~2.0

1204

] N N P |.||,.M. "[“ .|..\[\ 1AL '

022-01-01 20220204 2022-03-10 20220413 20220517 2022-06-20  202207-24 20220827 202200-30 2022-11-03

]

[
M

03 28, B A Y4Y 20|

B 21, H2[7E RIS T2 & AHelH

22 %) SR ZH2HE, %) e
60 24 41 go4 24 41(100)

=81 30 JIEEEH  AR2Q0+ERQ0+2EQOHEY(0) S 1,500
10 Ol 5 TOH=(72)+01RTIRIKHH20)+HHILIOIZ (8)

£E2 100 oM 5 TOR(ES+LOSE+ESOHRIZER) 120

A1 100 £4 41 4T1(100) 2,000

2l 100  S§HE  24(6.5kg)+HsH22|(6.7kg)+E4QIH|(35kg) 48.2

oA - : : :
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g 2, FAH| A2|FoIM 6L
LE STISIACHE 22).

r}oll

Ol d=(Mizt) Chef
8HO| IH &5t '—f 28 1 7\1EI-_rL

rir

SHEICEL
Y 32| 70| A

B 22 A7|E(6E-88) EY Old=d(Ma) Hal(Z(Phylum) +&)

OTUs* ACE* * CHAO* * Jackknife** Shannon
-+ &
6 84 6 8 62 8 6 8 6e 8¢
=281 6684 6,526 7404 T4A%B 714525 7284 78200 790200 751 7.12
=282 6,78 4926 761020 5%5% 733112 57208 80370 61951 756 6.03

S0 6769 4,735 75654 57313 72262 551802 797500 597462 7.56 596

ol 6447 6442 714850 7304 68183 710098 75900 77940 742 708

—

SAHl 6,744 5792 75074 68849 731719 65315/ 801000 712073 749 653

AEY BoOM FASE AI-A7I2] = 2FES
Z0| ot US 7tsdS 1esto] gHE F2
o

24

*. Operational Taxonomic Unit: DNA
*xl MEOM EHEER] AL EO[|Z| ¢i=

HEZ2 g2 ZO0f it richness® 2
*x ME0| 2Aot= L CHYHE 2T U2

02
0z

o 2

-r

2 0l 25 ¢

-

HelHE EQo| EY O[M=(M)E E(Phylum) F0iA Hlwsh 21, EQEFHO| 3A S7tst
St 29 £0O) X2|FOM Acidobacteria, Chloroflexi 0| 3AA 2435t Proteobacteria,

Bacteroidetes 0| AA S7t5t= A¥E ECHAY 29).

100% -+ _—— _—— —_—
== Il = BN === N T .
80% A
o -
70% 4
60% o
50%
40% o
30% o
20% 4
10% o
0% -
Ist 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
=g =g == F S AH]|
m Proteobacteria w Acidobacteria = Bacteroidetes Planctomycetes m Chioroflexi m Parcubacteria_OD1
m Actinobacteria m Verrucomicrobia mGemmatimonadetes m Sxcharibacteria_TM7 mArmatimonadetes m Nitrospirae
Microgenomates_OP11  mKazan Chlamydiae Chiorobi m Cyanobacteria " WS6
m Firmicutes m Latescibacteria_WS3 m Elusimicrobia = AD3 m Peregrinibacteria WSS
Berkelbacteria ™6 OMAN Spirochaetes wAF234118 p DQ833500_p
m Omnitrophica_OP3 mBRC1 mEFD19318_p m Hydrogenedentes_NKB19 wJQ072981_p

03 29, A7 (62-8Y) EY OIMSH(HI) #SHE (Phylum) £F)




FOld=2(5800) HI¥EAI(ACE 7I&)= Al7[of et

| H2|FofMe S7tots &S EACHE 23).

0
o Mo

B 23, A7|H(62-8Y) EY DAM2A(ZWO|) HEHE(Phylum) £3)

. OTUs* ACE~*~* CHAO** Jackknifex* Shannon
"% o2 sy o3 s oz sm  om s¥ 6% sd
=8 792 1,69 8040 12372 7988 1,999 8220 12980 300 287
=82 1,061 727 10694 7967 10644 7597 1,090 8370 3.08 229
1 752 846 7629 9264 7605 8375 7800 9760 2.85 249
sl 841 1207 8482 12660 8445 12337 8630 13280 245 3.10

SAlHl 1,008 1,027 10186 11474 10115 1,100.5 10400 1207.0 275 296

*. Operational Taxonomic Unit: DNA A|E4d ZoOM RALSH AZA72] F= EFEHS
. MEO|M HAHZZ| AAL HO[R| ¢t= F0| Hof UAS 7tsdE 12iste] YAHE
HEE HigtoZ Z0f Chdt richnesss &4

=
T O
wex: MBO| 25 2O CIFNS 2 UOR 0| 242 CiYKo| B

2
m'F
ph]
‘

_,_
£

He| 8 EYQ EY 0|d=(Z3EO)E &(Phylum) £=F0iA Hlwst Zat, AIZ7|0] T2t 2=
22| te 6”ECt 82U M Ascomycota 20| Z7t5h= A
Lashe S EACH Mucoromycota 22 EYXEY UHE0| H|uw
A 2o A LAZMCL YHE0| Hud Y2 & 2
ATHAE 30).

S B} Mortierellomycota &

=2 55t 29} 40,

ITL —dg

|FHolM= da%0l o

[T

100% -

90% 4

80% 4

70% -

60%

50% -

40%

30% 4

20% 4

e -

Tst 2nd Ist 2nd 1st 2nd st 2nd Tst 2nd
= =2 I =Y SFAlH]
= Ascomycota = Mucoromycota = Mortierefomycota » Basidiomycota m Chytridiomycota
m Fungi_p W Fungi_uc m Glomeromycota m Rozellomycota m Blastocladiomycota
m Aphefdiomycota m Zoopagomycota =M yeota m Calcarispori ota = Neoc i
Entomophthoromycota m Kickxelomycota = GS01 m Olpidiomycota

03 30, A7 (62-8Y) EY O|4SH(BLO|) #HEHE(Phylum) +3)
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7| EQHAEHR! ASSEE 7IR2=E AP0 2 Xe2|7E LHEES RAMSH 21 23l e
Tt 76%=2 Re|AHC=E Y Yol RI|ISAM HE|HAoME & 1 He|+#7F 9.0%= 7t
SN S8 2 2Tt 29.6% =2 7HE =UCH AI7|0f e EQHAY EEE0| SUtotes A
2l7teE MTel OldE CHEAIRIE At et R[Sttt SEHO0|9 Ol dE CHEA|4
oF= CiA Xf0[7t QUL ELHEY UHE2 M7 OdYA eIt =245 Liols FS
HO|L} SEHO| Tt A|et= BtH|2fst AL L st B2 HO[A| LUTHE 24).

B 24 AHe|HE &Y EYHEHAESY) g8 =0

- = 628 5t (%) 78 5t&(%) 8E ot (%)

=51 0.0a 6.7a 9.0ab

=28 2 6.7a 15.6a 29.6b

Eail| 6.2a 22.2a 28.5ab

el 2.1a 6.7a 7 .6a

SAH]| 6.2a 13.3a 16.4ab
«DMRT: p < 0.05

2| 2| 2382 = 22t Y A2t 7 UL 2 X2FoN RFoHe=

0|7t QURAUCE HM2|FYE 27| MEEM F A2 T2 A7t feHezE Y =4
ég* 21E|:rl7f I’%QE Y Hdel ol 282 AHe|Fe RIVIsAM FHEO0| Fot=
S

T & %ﬁd%(%) 22 (cm) 28 (mm) oC|=(7f) A=) ="+0H)
281 80.6a 74 .8a 9.7a 26.9a 11.3a 16.3a
282 85.4a 93.8b 9.6a 32.0b 13.6a 19.1a
1] 73.7a 87.1ab 8.8a 30.0b 10.7a 18.1a
2l 83.5a 85.5ab 10.4a 30.6b 14.8a 21.8a
S AIH| 68.3a 84 .6ab 9 4a 32.1b 13.0a 19.5a

AelE 7| AotF 4S592 42T VIS oA eIt 42.0022 K U2l 77
S22 A2l Z0ME &8 22|77t 39.3g22 717 SUoLt 22|77 R84 UACHHE 26).

T & —Eé*(cm) —E%"(cm) AZ2e=l) d2=() H2Z() H2E(%)
=81 17.7a 15.1a 15.0a 39.3a 16.0a 40.2a
=82 24 .9a 16.1a 18.6a 34.1a 14 .6a 42 6a
210 27.8a 19.2a 15.6a 31.6a 13.0a 41.5a
2l 18.0a 17.4a 16.6a 42.0a 18.7a 40.6a
SAH| 20.4a 14.6a 17.5a 31.2a 12.9a 41 4a

*DMRT: p < 0.05



el 27| 25t HE4E(kg/10a)2 2l 2|77t 326.7kgl2 ReAe= It =%
LI|s2A M|+ 20|Me E8 1 22|77t 265.1kgl 2 712 =UCHE 27 & g 31).
H 27. He|7E &7 25t oHEH
Qs UDE AESIE* M2 HELe e e
= (%) (%) (kg/10a) (kg/10a) (%)
=81 80.6a 91.0ab 656.6ab 265.1ab 81.1
B8 85.4a 70.4b 4792a 205.0ab 62.7
21 73.7a 71.5ab 390.9a 161.6a 495
2l 83.5a 92 .4a 774.3b 326.7b 100.0
FAH| 68.3a 83.6ab 428 .3a 176.8a 541
{(FYEZS*23,760F(10a)*E3E)/100x4=F3H=/1,000

S
SAlH|
a3 31. A27YE Z5t8 o
H 28. ZAY &M (&2l €/10a)
=4 24(A) 0|y 24(B)
o S7tE&= HIE o S7t&l&= 0¥
- R7ISAA 2| H& - RIISAA AHelof 2 g St
- QIZH| : ZROIR(LH 1202YQIX1QIXAARK1/2)| - (EEH1)265.1kg - (£2{2])176.8kg = 88.3kg
= 602 - 88.3kgx33,000¥/kg” = 1,221,000
- A|2H| 1 B=4I) 900kg" = 10042 * Q7= EI|(HZ, 19M) 33-dR/kg 7|&E
JIZ2EH| - A(B) : 2,913,900%
450kg4. 5242 20kgH)x22 5% = 10121
7| AA (0t 2L S)
150kg(2224%, 20kg/HE)x7 55 = 165242
- A(A) : 426,000
0 274=QloH(A-B) : 2,487,900 (1,000 7|&) = 2,913,900 - 426,000
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el a2z S Os 20N 36.442 WATt 71y Lestn &7(ete] AE0| 7t
=2 A2E RYos y=2An YHE, Fotx =22 S2EIF UCHE 31).

#zY A0z Foele Aoel: Oe MdOoe osAg 28L&
Fotx 12.5 493 13.7 10.4 12.7 2 13.18
2B|E 19.8 61.1 16.9 2.1 2.5 1 9.73
HHIE 219 80.6 223 13.2 16.1 2 19.20
I 30.2 97.9 27.1 37.5 45.8 3 36.44
MU= 2.6 5.6 1.5 2.1 25 1 2.04
203 6.3 26.4 7.3 4.2 5.1 1 6.20
10t 1.6 13.2 3.7 2.1 2.5 1 3.10
7|t 2.1 19.4 5.4 6.9 8.5 1 6.93

& A 3.1 7.6 2.1 35 4.2 1 3.18

LEAE, YeHE B U B 75% O, 5; 50-75%, 4; 25-50%, 3. 10-25%, 2; 10% Ofst, 1.

10t t=
=
2

I 34 AHEY SHYE 2
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tEnroc b |mEEEEY 28 B lEaddnsE ~
~ g EuEa R ol
~ X k0| rd| g 0| T F 0RO
* _2__.

i 8ol =

Zo=2 mcig|Lt 41

|.

S
=2

&7| 2d|cioll {2l



ki 11 21 31 41 51 61 71 81 91 101 111
-2y —HEEy -2y

144 A=

03 35 2 ZR0| 02 Al 2

1 11 21 31 41 51 61 71 81 91 101 111
—RYY —HEEY 20z

094A] 2|2

3t

1 11 21 31 41 51 61 71 81 91 101 111
-2y —Hdyy —+nEy

17K A2

el 27| 2[5t e EM0M =22 30| £FHA |4 11572 71 ol 2P
o Hlwstod 1,000m % 2,023,00090] 2F £ls SMEIAUCHE 34, 35 2 I 36).

H 34. 2|7 &7| 2ot ¥4s E4

S M2ZE F22 2 A2d4  2EE MY SR

- (9) (mm) (cm) (7H) (1,35  (kg/10a) (%)

=2 476 17.0 31.7 31.4 3.5 229.2 86.5
gzae)2 52.5 18.3 27.5 27.8 2.5 229.8 86.5
=23 65.5 20.3 28.4 31.4 1.8 307.2 115.7
zae|4 56.6 17.7 31.8 35.6 3.2 265.5 100.0
S7HA| ot 39.2 16.6 26.6 24.0 2.5 158.0 59.5

ol rin 37.8 15.8 29.6 27.6 2.6 203.3 76.5

*DMRT: p < 0.05
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H 35, Au{AH ZAHH 24 (T2 ¥/10a)
=44 24 (A) o|2ld Q4(B)
O 37Ik= H|E O 27t5|= 0|9
2 371 : 336000 |- & 370 T2 24 37k 1,039,000
- 22| £=2F 307.2kg* 10,0004 ka) = 307224°J
203.3kg* 10,000 kg¥) = 2,033

- 0|E-I- H|Y HZ 2|0 T}= b
HH|d 30242 (500m/B)*1 28 = 363Y
: OI7*H|(’H7<I, g) :
LHOIE 12029/21%301%1/2Y =180

==

- Az

. Ojr 48
« 97| g+7|(AH:L 1EA) 102%/kg 712
LSAZE 2440 T2 DE-FH| A

1,320,000¢

201+42U%100212) = 48022

QIAHI(AHA, YY) :
TZOIE 1202424/01 * 291 « 1/2Y =120
- A(A) : 336,000¢ - 2e2|(@1A|, o) 1.
CHRQIZAH|, 0) : 6001x3U+100%42 = 1,800
- A|(B) : 2,359,000%
o0 224 (A-B) : 2,023,0009(1,000m 7|&) = 2,359,000% - 336,000

g 7712 4y

MNEE 23

S(E 37), ABIHYA

(A" 9) 87| 7|H|AH2|E
2Ezp J|MYE ERRIISAIM(E 36)2 &7 MHiA EY 4F
“10a% A AY AlH| 212 of T2t A A8 MAISIICHE 38).
O ERIIsAA | &
@ &7| AR EQL HAH T ABIMYA “10aY 24 HE AlB| M2 S0I5I0] LHE(7|B|8)
7|12 438 AHIZ AAISIHEHE 36).
H 36. HI&F 22| RIIsA A ML
28 B2(%) S7lsAR ZNB0HIZ, %) M2
=g 60 2= 20 2 25 £I(100)
=g 30 7tEREH ARQ0)+ER(Q0)+2E(20)+5H(20) & 1,500
=214 10 TOte S FOhc(72)+0rR7t2|REH20)+ZH|LIO| E(8)
B 37. A9 2 EY otetd M Zn}
Qo pH EC SOM Ca K Mg P,0s
- (1:5) (dS/m) (g/kg) cmol(+)/kg (mg/ka)
- 6.91 0.17 14 5.4 0.33 1.21 685
HAPYelr 50~65  20|5t 25~30  150~250 045055 5.0~6.0 1.5~2.0
7| M Y HR(A=E H|EARRHY 52 7§EE(2022), RDA)
B 38. E otetd &4 20 2 dY AlH| 232 (kg/10a)
== A QA Ze|
ZAHE(7|HB) 6.3 3.0 4.6
KAHE(RHE) 6.3 0.0 4.6
2. REoInt 395




SOI(H 40)

@ 7/HIE |72 =2 HE@&E 39) L 4 RIISAAME 42 &
H 39. 7/HE RIISAMH 2T HIZ(%)
el SBHHE% 2212124 BV
7|HIE 60 S/t a0 2 89 2] 100%
=7 30 7t &Y HE 20% 2 20% == 15%, S8 20% BEEIR| 15% S
SAAY 10 7Ok 8 S/ AR TOot: &R
® Y AMH| 24T T LAHE aid |72 Al8Z AlLhkg/10a).

(kg/10a) + 2 77 |ISAAHE 2BL8™—H% x 100

= E9F 2% AW 23 ZAAHIY

B 40. 7/H|E {7|1sAAHE 42 &2H(%)
SNES SEELl JIZEEH| ote 319 QUISAA
T-N 03 1.8 9.0
P,Os % 05 79 1.0
K;0 ° 0.7 1.7 2.0
SR 90.1 422 60.0

@ A=l RTISAME Al 8 2.
2| tE= HiZH(1.08H, 1.58H, 2.08H, 3.08H) *{2|(E 41)5t0] StetH|zE *{2|712t H|WstRACE
B 41, R70sAA AL & 7|F XMHe|ZF(1ulE 7I5—)
7|52 SoHHIE(%) Y AH| 24 22EHko/10a) 24 S 7 1R x{2)2ika/10a)
SOl ELT] 60 1,260
12 2E|H| 30 6.3 105
Ok SR RV I=sARH 10 7
EQOIME CIMZ | 60 982 A[ZI0] AHItS0|| T2t Mzt Rld 25 3H SOHSCHE 42).
B 42 2|78 EY O|d=E &4 22t
OTUs* ACE»* CHAO* *
72 Ml 2l Ml iy Ml iy
62 9% 6¥ 9% 6¥ 9¥ 6 9 6 9 6 9
1.06H2F 8192 6264 1481 1007 928121 744198 150674 104860 888739 710230 149191 1028.00

2.0Hi2F 8608 5607 1741 996 9701.77 6727.03 177865 102966 933449 6444.32 17467 1013.66
1613 1174 943618 708/.92 164557 121040 9069.85 6/42.84 162556 1189.85

3.06H2F 8315 5851
Sl 7834 5767 1420 1107 836051 676335 145950 114442 85684 651856 1437.97 112833
G272 EY 0jd= tgale

NEATE B 2824

x. Operational Taxonomic Unit: DNA A|&E4 ZAIOM SAFSH 2 =]
*xl AHSOIM LHT|ZA| QAL HO[R] ek= F0| Yot /UE 7tsdE 1ot LAHE IO FEE
28 23

HIE22 Z0f tist 5
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Mg 22| PCoA EAMOIM R7ISARA A2|7t= BiEo| T2t 18122 sfeib|get Blet &4
EO0[1 26F2 38R} BIE E4S 20 R7IsAR H2|F0]| T2t Mt 20l 2| HalstA
(AF 33). E5t 6 9"l Z} Al7|0f THE HlAHOM F7IsAM 2el7t= 631} H|WSH 9
ZAOME xS0 y20| I Hs gle MRl 258 EO|L sieH|R Xel7e x522 32 Ols
SIFEH Ol R7IsARMLL Bl £2°991 ofstH|E0| E40f 7[Qlet o2 Y |ACHAE 37).

njo

n

2nd PC(26.461%)

st PC(40.302%)
@ 3|sH|= e 1HiZF » 2 e 3JuiF
<68 E0|MS (M) PCoA 24D

2nd PC(30.596%)

" 15t PC(50.494%)
® B2 ® 1842 ® 2 @ 36fE

OF EY0d=(Mw) PCoA &4

g 37. AH2|7 AZ|8 M 23 PCoA &4

A 28 FAl PCoA EM0IM RIISAA BIF 22| F0IM 717t RAAAE 20|H =tst
HlZet= 20| ERC 63dt 97 Z} Al7|0 TE HIIAFHOIM= |2 270N x5
2 3/ olstt Mo e €2 e 2HMME RIISAA M2 FOM xet y=2=29]
0|50| &RIZ[U2L} FAHAHAS F7ISAA BIF 22[et etett|2 22| oF0of T2t 2= At



2nd PC(33.389%)

m
- Py
SR

st PC(41.223%)
= S}sid| =2 W 1Hf = = 2o = m 3T

68 EYOE=(RIT) PCoA &4

2nd PC(25.502%)

" 1st PC(55.184%)
m }EHH| 2 = 1HE = = 2HHEF B 3HHZF

<9 EY0IYB(RIF) PCOA £
13 38, %2l7 AIZIE 23 2 PCoA 24

AR SEEE2 SHS0M o=t 3610 RolHez AF QoL 1 o ZAF F=0Me

T[22 Z 2017t GIRACHE 43).

2 23 PP A Oife =g AR 4sdx
(cm) (mm) (i) (i) (i) 2% (1-3)

1.0842F 72.3ab 77.5a 8.7a 13.9a 10.1a 18.2a 1.1a 2.3a
1.5H12F  66.8b  86.2a 8.7a 15.9a 10.4a 18.1a 1.4a 2.5a
2.0H12F 715ab  83.2a 9.5a 15.3a 11.5a 22.3a 1.5a 2.7a
3.084EF 73.8a 85.4a 9.0a 15.9a 9.8a 21.2a 1.0a 2.5a
SlstH|2  75.7a  79.0a 8.0a 15.7a 9.8a 18.8a 0.9a 1.7a

*DMRT: p < 0.05
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A5t dg EG0ME HIS0IM 15812 RoHC=E =UCHR 44). A28 = &4
2 U2 J|1F TR0 158022 1.080Z0| sistH|E 22|72t BT &2 B2l 2.0
HHZFL} 3.06HZ CHH| Ro|Ho= =QUCHE 45).

H 44, XH2|7Y Y| Xotf 4g E4
S MES =& =& Al2e MZa HeMzsy 22=:
= (9) (cm) (mm) 1) (1~5) 2HH2(%) 22 (%)
1.06842F  45.4b 14 2a 59.0a 93a 2.2a 0.4a 0.0a
1.5H 51.4a 15.0a 62.5a 12.5a 2.8a 0.0a 2.5a
2.0842F  43.3b 14 3a 57.3a 9.1a 2.9a 2.1b 7.9a
3.0842F  40.2b 14 3a 53.5a 7.8a 2.5a 0.4a 3.8a

SfstH|2  45.0b 14 9a 56.5a 10.5a 2.3a 0.4a 2.5a
*DMRT: p < 0.05

H 45 X278 7| Xt £ E4

_ AHOA2E HaA2k
_|?|_ ol o (0 AL S 0 oL To LT o AE-':Z A
1.06HZF 71.3ab 99 6a 765.5a 240.9a 100.6a
1.5802F 65.8b 100.0a 803.0a 256.4a 107.1a
2.08H2F 70.8ab 97 9a 710.6b 227.4b 95.0b

3.080 73.1a 99.6a 697.1b 216.5b 90.4b

StstH| = 74.8a 99 6a 796.6a 239.5a 100.0a

*DMRT: p < 0.05, ¥24=G42E+23,7607(10aD) (Y 2E/100)* (&&2+2/100)/1,000

H 46. BANY M (H2: €©/10a)
=4 24(A) 0|y 24(B)
o 37t=l&= HIE o 37t=l= oY
- R71sAA el HlE - R7ISAA Ao e a3 SOt
QIZAH| : HRARIL(LY 120212/QIx1QUxAARK1/2) | - (1.5HK2H256.4kg - (R22]")176.8kg = 79.6kg
= 602¥Y - 79.6kg * 33,000&/kg" = 2,626,800
- 2HZH|" 0 B540] 1,350kg" = 15049 | * 1 2WEat A 3. FAH|] | 7|E

JtZ2&EH| * Q7= SI|(HZ, 194) 334 /kg 7|&

675Kg.5248] 20kg AT = 153242

SIS (TOH=E )

2052228 20kgx11 3% = 248624
- Z(A) : 551,600

* o AEAMH] 7|FA ZEE EY StebY 24
Z1tof| w2t AH[Eo| Eetd 4 ooz

a4 AEY22 AlLe

A(B) : 2,626,800

= 2 A
o 248+

Qloi(A-B) : 2,075,200(1,000n 7|&) = 2,626,800¥ - 551,600¢
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SUHILIS0| 2SS0 224, O 0N RojMoz ol EFLEN FHZNMN 2FHE0|
FOHCZ 1Y UACHE 47). FHEE HM2|A| 225t M2elt |2z 71 &{tedl 0]
= FYLUENM EY £20| 718 UA R A HARYE A2 Y AUCHE 48).

H 47 el 4R 45 E4

Sy £%e =% 24 2+ o =g AI%%%' ol
(%) (cm) (mm) ) ) ) 9E(%)  (1-3)

SMIZE 611ab  82.8a 8.8a 12.8a 106ab  23.8a 0.7a 2.7a

EWIIZ 7333 86.6a 96a 165b 133b 24.09a 0.9a 2.7a

EHELZ2 568b 76.4a 8.7a 13.4ab 92a 19.7a 1.5a 1.8a

MESHHE  65.7ab 84.6a 80a 13.5ab 10.5ab 17.6a 1.2a 2.3a

23 583b  799a 8.8a 12.1a 9.1a 17 .4a 0.5a 2.0a

H 48. Ae|7YE ZstR ds £
= MEZ =4 2% A2 Il =) = B e
- (9) (mm) (cm (h) (1~5) 98(%) 2HE(%)
SMIE 519a 14.8ab 61.6a 11.8ab 3.1ab 0.7a 2.0a
SHIE 42.1a  14.8ab 73.2a 9.8ab 3.0ab 0.0a 0.4ab
FQLE 49.0a 15.3ab 56.8a 15.7a 3.7a 0.7a 1.6ab
WEEHE 43.5a 18.1a 61.4a  8.1b 2.5b 0.3a 0.0b
f2Ha 39.1a 12.7b 54.7a  8.6ab 2.6b 0.0a 0.4ab
*DMRT: p < 0.05

el AR & E9oilM
o

= = O A24E 718 +3AIT0lM 160.22 7t =/U2
O a0l Y220 71y 2 IS Okl A== T

2 Mo |YCHE 49 9! 12 40).

B 49, 327 2y 54
B U28(%)  MBIBN) (e ey s
SMIS 60.5ab 99.3a 855.5a 268.2a 160.2
SIS 72 .6a 99.6a 740.8a 229.3a 136.9
EYEE 56.7b 99.3a 740.5a 219.9a 131.3
EHNES 64.9ab 99.3a 710.1ab 218.3ab 130.4
223 58.3b 100.0a 542.2b 167.4b 100.0

*DMRT: p < 0.05, M2eE=2Gl2E+23,7607/1,000n = (YL2E/100) * (4E2H2/100)/1,000
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336,000¥ (BAHTIZ)268 2kg - (PA2]7)167.4kg = 100.8kg
- H2lH|Y : 30M2I(500m/3)*1.28 = 364%| - 100.8kg * 33,000¥/kg” = 3,326,400
- QlAH|(M3], ) * R0s g21(AZ, 134) 33/ 7IE
ZZAQIE 1202%4/91%301%1/2Y =1802%| - A|(B) : 3,326,400¥
AAHBI(HA, ) : * Az eSAR R 12f6lR| QiR O n2igt A
LRI 1202/Q1%201%1/2Y =1204Y| LSA[ZH 24402 St 0|0 HE & US
- A(A) : 336,000
0 2Z49%(A-B) : 2,990,4009(1,000rm 7|&) = 3,326,400¥ - 336,000
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ABSTRACT

This study evaluated the vyield and efficacy of Salvia miltiorrhiza cultivation in
high-latitude areas, conducted at the test field of the Ginseng and Medicinal Plants
Research Institute (currently the Wild Plants Research Institute, Vegetable Experiment
Station) located in Kimhwa-eup, Cheorwon-gun, Gangwon-do (38°15'06.07°N
127°23'21.317E). The evaluation included the optimal planting time and harvest time
for S. miltiorrhiza in this region. In the northern region of Gangwon, the optimal
planting time for S. miltiorrhiza was found to be late March (March 31st), with the
highest dry root weight per plant at 84.5g when planted at this time. Planting in
early April (April 13th) resulted in a dry root weight of 77.0g, indicating that planting
before early April is most advantageous. The optimal harvest time for S. miltiorrhiza
planted in April, showed that harvesting in November of the same year resulted in a
significantly higher dry root yield compared to October, making it more advantageous.
Furthermore, harvesting in November of the following year resulted in a substantial
increase in dry root weight per plant, at 239.5g compared to 133.5g in October,
suggesting that November harvests would be most beneficial. To select the most
suitable S. miltiorrhiza variety and lineage for cultivation in the northern Gangwon
area, two varieties, Gossan and Dasan, along with four breeding lines including the
pending Hongdan, were planted in April and harvested in November to evaluate their
yield. The emergence rate of Dasan, Gossan, and the pending variety Hongdan was
significantly higher than that of other breeding lines. In terms of dry root weight,
Hongdan (pending variety registration), Gossan, and Dasan were significantly higher



than the other three lineages. Regarding the content of two effective components,
Salvianolic acid B was highest in Hongdan, and Tanshinone IA was highest in Dasan.
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= 2
—
2 207t A0 2 SRAH0ME 48 d0 dASHE A0 AYF M=ol 7t
|

=

O
A 24 MSSHS FAATIL BE X2ITOIN MSYEIH sACL 3Y e
_?__J
=2

oo zg Z0{Z0| a5 g g g5 Hede
- (cm) (cm) Oi/=)  (O/F) (cm) (cm) (1-3)
38 St 40.3c 58.8bc 5.4¢c 193.9¢ 8.6a 6.0a 3.0b
48 o 41.6¢ 60.9c 5.4c 191.7c 8.5a 6.3a 3.0b
48 st 37.0bc 54 .7bc 4.4bc 143.5b 8.8a 6.0a 3.0b
58 A& 30.4b 45.7b 3.6b 136.5b 9.2a 6.0a 2.8ab
5% st 13.5a 15.7a 1.4a 75.5a 9.1a 5.9a 2.6a

* DMRT(p<0.05)

O 2|48 HetEH
FAAZIYE JHStAI2E JHE | JAADI7L WESLE AYAHF N 3Y ot 48 HE2
20| 90% O|d2=z Ho| 2A=LY2Lt 48 st 7HSHE0| 84.6% = AE HotH 5
=2 54.5%, 5¥ ot 3.5%=2 JAHQ NS0 Y5t 23Tt £S5 40% 7t 7HSSt
Ool
209

o o o]
— — 1 =
=0 22%5= Hetadss AV 2245

E 4. MR JEEY

T = Mt (E,E) 7271 (E,9) 7H2HE (%) Hetae Y ()
3¥ ot 6g 27¢ 78 3¢ 93.4d 94b
48 M 74 1< 78 5¢ 90.2cd 94b
48 st 78 54 74 11¢ 84 .6¢ 72a
58 A& 7€ 214 8g 1¢ 54.5b 68a
5% st 8 14¢ 8g 24¢ 3.5a 56¢

* DMRT(p<0.05), 7fet22rE= IS = 71817((40% ZHeh7tR(e] 712t

FHAZIE ALR Yalle 2E AH2|FollM wdskr| ket & o
= 2| FoM LYot ZYstR20 Solile LY w30 ofs 58 St A2FE Aeld 2
= 22[70A 10% 0|22z LASIAUCE 58 ot 22|7= 4|0l =5l S LYol 72

o= JUCHAE 5).



o = O o
T & H3al(0-9) Z3l(0-9)
38 st& Oa 1.7a
48 A 0a 1.1a
44 StE Oa 1.1a
58 HE 0a 1.5a
5% oie Oa 1.5a

O Aot HREN
FAAZIO] T2t Aok 2FE Aot YA 4ot DAL AN wESS Etels
A2 HEY0 MIZSN AZS FA| 38 del 48 de A2Vt 48 St O|F A2 7RECC
Solxoz ZItEUTHE 6 9 I 3).
H 6. ot MsEH
0o =& T =44 ZFEMES FYHIS H2s
- (cm) OH/3F) (mm) (9/F) (9/F) (%)
38 ot 43.7a 26.2a 26.6a 246 .9a 84 .5a 34.3b
48 A& 38.5ab 25.2ab 25.9a 227 .2a 77 .0a 33.9b
4 St 35.2b 20.8abc 22 .6b 165.1b 57.0b 34 .6ab
5¢ A& 36.7ab 19.6bc 21.4ab 151.9b 54 1b 35.6ab
58 5t 37.9ab 16.4C 18.7¢ 144 4b 54.0b 37.4a

* DMRT(p<0.05)

59 3t
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2t 1 g2 st 50 me methanoIE 275t A= (25C)0A 30
2| =, CHAl 30 &2t W8t (500 rpm)sty] ZESIULE =& = 24 FEUS
filter paper (No. 6, Whatman Inter- national Ltd., Maidstone, England)Z 1z} {1} =
29 == (Eyela Co., Ltd., Tokyo, Japan)stll Bond Elut C18 SPE ZIE2|Z|(Agilent
Tecknologies Inc., Santa Clara, CA, USA)Z 2z} {1} & CiA| 2 =250 2E232 AR
Sttt 22 2 =%E AlR= Syringe filter (13JP050AN 0.50um, Advantec Mfs. Inc,,
Dublin, CA, USA)O| O{tgt & HPLC &2AM0l| A5, HPLC systemE Aglinet 1290
Infinity 1l (Agilent Tecknologies Inc., Santa Clara, CA, USA) S A5t e, Columne
InfinityLab Poroshell 120 EC-C18(2.1 x 50 mm, 1.9 /m) (Agilent Tecknologies Inc., Santa
Clara, CA, USA)Z AtEstCH (B 7).

H 7.t A5tR REHE & HPLC &4 24
Instrument Agilent 1290 Infinity |l
Column InfinityLab Poroshell 120 EC-C18, 2.1 x 50 mm, 1.9 /m
Detector UV-VIS detector (280 nm)
Solvent A Water : Acetic acid = 99.2 : 0.8
Solvent B Acetonitrile: Acetic acid = 99.2 : 0.8
Flow rate 0.4 m¢/min
oven 30T
Injection volume 1
Gradient elution system
Time %A %B
0 90 10
5 80 20
13 60 40
20 40 60
25 80 20
30 90 10
(A) Salvianolic acid B (B) Tanshinone A
160.000 4000
140.000 3 o *
120.000 7 3000
z 100.000 V:D'S?S_}f*i&% m 2500 ¥=10.003x-25.379
-EB o S L R =0.9932
T &0.000 §2500 ‘e
40.000 = 2 1000
20.000 .5;5- 500
o 50 100 150 200 . L] 100 200 300 400
Concentration(pg/mL) Concentration{pg/mL)

RS2

i
No
ORN
H
M
il
1o
oY
o
rx



AAIAZ|0| 2 chaol 2| EMHE SZFO|M Salvianolic acid Be| grzF2 4% st A
M 7t =20 Tanshinone A &2 58 A ZAIFOIM 7HY =ULE & REHES &
A Z2H 2| 20|12 2Rt 4 XHoAe] ALtet 20|17} JUJUCHE 8).

B 8. Ae2|7Y T X5l FEME 28 sk
Content (ug/g-EX)
Treatment - - : :
Salvianolic acid B Tanshinone Il A
3¢ St 17.09+7.71 1.214+0.36
48 H& 11.27+2.60 0.803.+0.07
132t -
48 St 48.54+8.13 1.653+0.17

(20224)

58 A 30.02+4 .69 2.087+0.29
58 st 17.25+4.31 1.931+0.09

(A1 2) DAS A(ZY S5 T HAHT| 47(22~23, 143
O Ay HSSY

SEAZIE ANE HSEHS 87| 229 10¥

A 2
AT H2AT E 4 4% H2lTO HIRE MS SHS WO BN MSUCHE 9).

rol

o k= 2% a5 =E = MeHE
- (%) (cm) (OH/%F) (cm) (cm) (1-3)
224 10¢ 87.2 35.8 5.8 8.8 6.1 3.0
HW(4E &) 93.4 32.9 3.9 8.4 5.8 3.0
O A48 st Y Holls L 4
SEATE AR Vet L HAllE Yl §d FAl A7) 22F 108 H2FE VIEL=Z
ZAtSIR O et Q| LHOIIA IAH Ld5HA| LAUCHE 10).

S ZHSHA| NetE 5 =35

- (2, (%) (0-9) (0-9)

224 102 6g 29¢ 91.3 0.0 1.1
BHlW(4Y M) 7€ 1« 90.2 0.0 1.1

414 \ 202349z AEATE DN



O Alotf d= 4 +& §4
FEAZ|E AotF YFELS ol +24A| 108 20| 11€ +HEL Y2ZS0M 2F =2
UZSOME 118 20| A2 2F Fold2 gL dZE0M= 1€ £=0] 102
wolHe= =/UCH Jdl 2 OF o +&0Mes TS o 102 118 £84A 428 d
TSUAM ReH22 I S7I6IAL0 H2EE Soiote des EXRA2L U3 &l 38 & Al
Ol 42 U2S 25 44010 g3 712 2[6Fe| o7 225 Y 4+ AWLE 11, 12)
H 11 A5t7 4854
. =3 == =3 982z 29422z d-%
= (cm) (4/Z) (mm) (9/F) (9/F) (%)
224 108 44.5a 32.8b 306a  3125c  88.9¢ 28.5d
224 118 44.5a 23.5¢ 222 2909c  89.8¢ 30.8¢
234 39 44.6a  281bc__ 249b  267.6c _ 71.3c 26.7¢
234 108 38.1a 44 4a 216c  4033b  1335b  32.9b
234 118 4509a 31.5b 181d __ 617.2a _ 239.5a __ 38.7a

* 229 108 22l 229 108 13¥ £85I 223 113 Hel-= 118 179 2261020
23 38 2el7= 239 38 159, 239 108 A2l7t= 108 13 #8233 118 22H= 239
118 170 £&5t42, DMRT(p<0.05)

(Y

200 - 100
617.2

229 108 pris BN 23438 234 102 239 118

# 12. A5t8 +¥E4

v 252 (ko/102) #2123 (ke/102) AL
223 108 1533.0c 436.3c 99.0
224 1€ 1426.9¢ 440.7c 100.0
234 3¢ 1312.8c 349.9¢ 79.4
233 108 1978.4b 655.0b 148.6
234 1€ 3027.3a 1174.7a 266.5

* DMRT(p<0.05)



=
—=c =c
2| Cha A|RQ| REF AR Y HPLC &M A2 Al 112t SLoI™CHE 13). =t
A71E G REHE 239 SH2 O of sSA|IECE O of 30| &g Z<2 Salvianolic
acid B 2 Tanshinone 1A 25 71 =20 Salvianolic acid Be| Z2 Cr2 o 10¥€ 11€
2=t Al O off 108 1Y £EAIELE SIF6t¥ 2L Tanshinone IAE 2 x10|7t YUUCHE 14).
B 13, O 2518 RE4E 22 HPLC 24 27
Instrument Agilent 1290 Infinity I
Column InfinityLab Poroshell 120 EC-C18, 2.1 x 50 mm, 1.9 um
Detector UV-VIS detector (280 nm)
Solvent A Water : Acetic acid = 99.2 : 0.8
Solvent B Acetonitrile: Acetic acid = 99.2 : 0.8
Flow rate 0.4 m¢/min
oven 30T
Injection volume 1 18
Gradient elution system
Time %A %B
0 90 10
5 80 20
13 60 40
20 40 60
25 80 20
30 90 10
(A) Salvianolic acid B (B) Tanshinone A
° Fomcnd rabtoralils, - ‘ il . L
% 6. REEE 23 BEES 4
H 14, A28 UM Xotf REHE 28 &
Content (ug/mg-EX)
Treatment Salvianolic acid B Tanshinone Il A
. 22 10¥ 21.67+4.18 4.38+0.06
13} 229 11¥ 22.22£3.69 5773011
(22 234 3¢ 97.75+13.26 10.03+1.13
~234) 234 10¥ 49 .4149.91 4.58+0.59
234 118 83.53+7.36 4.88+0.41

* DMRT: p < 0.05
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O AER|Y 7|4t
AER|Ho| HE FHAY|
LI dELQt H|Wst] 4E 1
mZ 377.6mm AQCHZ 7, 8 L H 15).

o
Ol_
gm W2H nE 2ert Aasen

[

3819 4219 L@ bl =212 7819 g21d 2 1Y WwE1L 1219
—EF2rg — NSy —ADT2Y
% 7. 29 HH7|2 F0[(20239)
80
70
£0
50
40
30
20 ‘ ‘
10
0 || ."|‘|I". il i ||II ||iI I |||| |||| |||||| E
381% 4812 521 FE1Z 1818 g212 9%‘1%' 10812 ng1g
0% 8. Y ¥ AT 20[(202349)
E 15 AR () ¥ Bavl2 U U4
T2 3¢ 44 5¢ 6 7¥ 8 o 028 11¢
A7 |12(C) 6.7 11.7 17.4 21.7 254 25.1 21.3 12.4 43
A4kt (mm) 12.5 975 1619 2204 3834 2416 1029 305 104.9




O e 23 X
HAAD|Y 2AE 28 SHOM 23 22945 4% e ¥
o sta HA0| 4322 JHY AUCH EH8S 3Y Stal 4Y A

E Z5A| £73617] £5142Us
(&, %) (&, %) (%)
38 st& 58 13 58 18Y 43Y
48 d& 5¢ 15¢ 53 21¢ 32
48 otz 5¢ 21¢ 5¢ 29¢ 24Y
53 4% 6% 8% 68 10 28Y
53 st 68 22¢ 78 4 28
*DMRT: p < 0.05, 3¥ st 38 312 FAlGIRCH 48 d& 4¥
27Y, 58 A&g 58 1Y, 5¥ 52 58 2520 HAISHUS.
O A48 d8EH
FAXE 248 MSELOM 2Za 20120l 38 St&RH 48 sentA|
M =UCH MRHT A oY X7t feldez 1Y sUCH 4o, g%,
2[8 20|17} SUACHE 17)
17, AR 4|54
S =% ZCHZOl a4 =Ry
(cm) (cm) (OH/=) (cm)
38 st 35.2a 48.6a 2.0a 8.1a
48 de 38.3a 53.5a 1.6a 8.3a
48 St 37.8a 55.4a 1.9a 8.8a
58 & 23.8b 34.0b 2.0a 7.9a
58 dte 16.6b 10.6¢ 1.9a 8.3a

AT alls Ldstr
| -

Lt 730 ol 2= 2{2|7H0l|A

418 "\ 2023AE A|BHOITETIA



H 18, A4R s 2y &4
T = HsH(0-9) 231(0-9)
38 ot Oa 1.4a
48 M Oa 1.1a
43 St Oa 1.5a
48 M 0a 1.5a
5% st 0a 1.0a

* DMRT: p < 0.05, ¥-53l ZEY=(0~9) : U 7[& 0(FLY), 1(10%0|2), 3(10~
I.

S =& =34 = MEZ HES dIey 2

- (cm) (mm) /=) (9/?) &) (kg/10a) _ (kg/10a)

38 st 36.9ab 19.8ab 30.4a 218.1ab 69.3ab 1,174.2ab 373.1ab
48 4& 33.8b 22.1a 31.1a 259 6a 82.8a 1,363.0a 435.0a

4 ot 38.5a 16.2b 21.5b 202.2bc 61.6bc 986.4bc 300.5bc
5¢ d¢ 33.4b 18.0ab 20.3b 156.0c 47.4cd 813.2c 247 0c
59 5= 36.1ab  18.8ab  152b  155.6c  42.3d 430.1d 116.9d

* DMRT: p < 0.05

59 5t

g 9. AAPIE Alote 5 2t
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O
LB AT MSEHS FHAIITL SUBOR 2R 017t ¢ RE H2TOIN
2 2

B £518 EXE - TN ZES =R HE M
= (%) (cm) (cm) (0H/F) (cm) (cm) (1-3)
2349 10 82.8 334 51.5 1.7 8.8 6.5 3.0
239 11¢ 87.2 35.3 493 2.2 8.5 5.9 3.0
243 3¢ 86.1 35.3 50.0 1.7 8.4 5.8 3.0
249 10¥ 82.8 36.0 48.5 1.7 8.5 6.2 3.0
2449 11¢ 81.1 32.3 46.8 2.0 8.3 5.8 3.0

B 21, A4 et U gaha 2y Sy

T = gat(0-9) =°1(0-9)
234 10 0.0 1.3
234 114 0.0 1.1
244 3¢ 0.0 1.2
244 10 0.0 1.2
244 114 0.0 0.1

19 A3 P 1091 HEA0 EUCH 2 B2 AIME oy

= = L
120l s~2tet= 20| 1082t B|w50] +0iA Reld A= HHECKE 22 & OF 10).

B 22, 258 MREY
- = IF 23 =& A2z a2z 4233 d24g
- (cn) m)  OWF)  @F)  (@/F)  (g/10a) (g/10a)
234 10¢ 33.6 20.8 34.1 223.7 69.3 1,0459 3238
2349 118 38.3 17.9 24.9 262.3 93.9 1,292.2  462.5

234 10& 239 11&

03 10, £BAI7|E A5 4 2t

420 \ 2023ET AFATETM



T & E0AE, &) E071(E, %) E94294(8) =38 (%)
Chit 5¢ 17¢ 521 232 34¢ 80.6b
a4t 52 17 59 289 34 76.1b
st 52 17 59 249 34 78.9b
Y-10-001-21 52 17Y 59 27 349 33.9a
Y-10-001-27 58 24 59 31 414 12.2a
Y-10-001-31 58 22¢ 59 28 399 28.3a

* DMRT: p < 0.05

SEH0IN 232 EU0| RO/ZOR J1Y £UoN MKHEES JIFOB CH, 1

o —,
A, EHO| Ro|Ho2 £UOH Y-10-001-21, 27, 310] UUCHE 24).

H 24 245 HEEH
S e ZCHZO| a4 g g= R MEdc
= (cm) (cm) (OH/Z) (cm) (cm) CH/z) (1-3)
= 33.8ab  47.9ab 1.7ab 8.3b 56cd 310.7a 3.0a
ik 28.5abc  46.2ab 2.1ab 9.5ab 6.8a 276.2a 3.0a
st 35.8a 56.6a 2.5a 9.6a 6.3abc  348.8a 3.0a

Y-10-001-21 24.2bc 33.4b 1.5b 6.9¢ 5.2d 501.7a 2.4b

Y-10-001-27  24.1bc 36.5b 2.4ab 8.3b 6.0bc  224.8a 2.3b

Y-10-001-31 22.0c 30.2b 1.8ab 9.1ab 6.4ab  221.8a 2.0b

rr nu
o
r
ht
4
=2
x
o
X
a
ra
I
m"-
0%
gﬂ
£Q
[0
=2
_>|J_I
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Y-10-001-21

Y-10-001-27

[ellollolele] o)

Y-10-001-31

G- Sol| ZLE=0~9): FTH 7= 0F2Y, 1(10%012h, 3(10~30%), 530~40%), 7(40~60%) IE0%OL)

=
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O 25t MREN

MIZOME ZE EZT ASOIM OOl 207}t gliolt £880| TaE £ J|ES
2 CHMI} BT M0 SO1HOZ J1Y SO0 2 SEA0ME BT > CHE > M &
oZ AHots oz MUZ|QUCHE 26 & & 11).

H 26, 252 MREN
. =3 O@ | 2& 422 AaE 4aE A
T = (cn) m  OR) (@) (@) (o/10a) (kg/10a)
CHAE 38.9ab 18.1 23.4 259 3a 76.8a 1,166.2a 345.6a
A 42 1a 15.7 15.0 218.0a 64.9a 927 .2a 276.1a
=ct 36.9ab 16.2 27.5 272 8a 78 5a 1,250.4a 357.9a
Y-10-001-21 34.6b 15.9 22.3 188 .4a 53.9a 366.8b 106.0b
Y-10-001-27 39.5ab 143 19.4 226.5a 58.6a 139.5b 37.8b
Y-10-001-27 41 .5a 16.9 10.9 170.7a 45 5a 273.3b 72.9b
iy 389 16.2 19.8 2226 63.0 687.2 199 4

*DMRT: p < 0.05

Y-10-001-21

O st wE2ds &4
ohef A

|y ct M RUAS A 10t SYSHICHE 27 &
% 12). 2 E8AG0Me 85 L ASY ot %E’S—E- 2Z9| s2k2 Y-10-001-21 A
£0| Salvianolic acid B 2 Tanshinone IIA 2% 7% =t

=A2H Salvianolic acid BS| 32 &
T > ¥-10-001-31 > CHE > adh > ¥-10-001-27 wO0IRU=D Tanshinone lIA= Cith >
Y-10-001-27 > Y-10-001-31 > DAb > STt 20|QICHE 28).

422\ 20234T AFEATETM




H 27. T A5t RELE & HPLC 24 =A

Instrument Agilent 1290 Infinity I
Column InfinityLab Poroshell 120 EC-C18, 2.1 x 50 mm, 1.9 um
Detector UV-VIS detector (280 nm)
Solvent A Water : Acetic acid = 99.2 : 0.8
Solvent B Acetonitrile: Acetic acid = 99.2 : 0.8
Flow rate 0.4 m¢/min
oven 30T
Injection volume 1 18
Gradient elution system
Time %A %B
0 90 10
5 80 20
13 60 40
20 40 60
25 80 20
30 90 10
(A) Salvianolic acid B (B) Tanshinone A
160.000 4000
140.000 - 3500
120.000 _ 3000
é £0.000 52000 B
:nl:- 50.000 % 1500
40.000 = g 1000
20.000 e 300
L
o 50 100 150 200 o 100 200 300
Concentration(pg/mL) Concentration{ug/mL)

H 28 2 PY T l5tE RENE 2E S=

Content (ug/mg-EX)

Treatment Salvianolic acid B Tanshinone 1A
CHet 46.40%1.95 1.23£0.05
a4k 44.37+3.19 1.1520.10
H4EZ Bt 59.57+10.79 1.09£0.10
o Y-10-001-21 66.6918.30 1.84+0.02
Y-10-001-27 44.31+6.74 1.23+0.10
Y-10-001-31 46.55+10.81 1.20+0.07




d(23. 7. 9. 71&)

= SoA(E, &) E371(d, &) AU+ (YY) =38 (%)
x1" 59 15¢ 59 21 32¢ 99 43
x3 54 15¢ 5% 23¢ 32 95.1a
x5 54 15¢ 5¢ 20¢ 32¢ 94 4a
x10 5¢ 15¢ 5¢ 20 32¢ 98.1a
x20 54 15¢ 5% 23¢ 32¢ 98.8a
F32| 5% 15¢! 5% 20¢ 32¢ 99 4a
* : x1,00080(ppm), **DMRT: p < 0.05
O A48 4854
el 248 MeELdE 2 20[7t UUCHE 30).
H 30. A4 HEEH(23. 7. 12. 7I8)
o % Zgdol | 3% 2R ¥E  MSd%
T (cm) (cm) (Of/= (cm) (cm) (1-3)
%1 29.3a 42 2a 2.3a 8.5a 6.0a 2.8a
%3 33.1a 44 6a 2.6a 8.5a 6.3a 2.7a
x5 32.0a 44 Aa 2.6a 8.0a 6.0a 2.9a
x10 30.3a 44 2a 2.4a 8.7a 6.4a 2.9a
x20 32.1a 41 5a 2.5a 8.5a 6.1a 2.8a
F32| 33.5a 49 Oa 2.8a 8.2a 5.9a 2.9a

*DMRT: p < 0.05

x10

a3 13 RE H2lY AN 4% HE

424 \ 2023HEE AIHATEIAN




O Al5tF 4=54

2E AN FE A H2(0f o

r

A|otE 0| 7|4 20| EO|R| AACHE 31).

B 31 A5t 4S54
E =% 23 =25 W2 H2E A2LT IS
(cm (m) H/=) (9/F) (/%)  (kg/10a)  (kg/10a)
x1 33.9 163.3 28.6 231.8 753 11,2742 413.8
x3 35.0 16.7 21.8 205.3 679 1,084.4 358.6
x5 335 18.6 32.7 220.5 69.8 1,152.1 364.9
x10 334 17.4 32.7 194.2 63.2 1,052.2 342.3
x20 352 17.5 23.9 224.3 740 1,223.0 403.1
F3e| 38.8 20.3 30.2 223.6 73.8 1,249 4123

(AIg 1) ROIE 2@ 55 T FAZT| H3(22~23, 1420

X 2 2 222 71F 39 5(3Y 31Y) 34
Al 845902 Jtd =%C0 48 ALY 13Y) 77.0g OF 4Y A OH FHA

7t B S5 A9 o 2(H SEAD|E Golids oAl Ad2200M 118 £&0] 108
S2EL o222 =0 FelotA2H CF of +H0MeE 118 £A| FE UAZS
133.5¢2 37 S7tsty welg A= TH

(Al 3) 29l= AY(ZH S5) oef FAH7| 43(22~23, 243

o o

7t 2 S5 AG0IM e A 479 H0|S &olet 21, 48 4&(4E 129) I
Al Y AZS 7IF 82.8922 7MY =U2H 38 ste, 48 st =0US

119 S85te 20| 2¢ 2 g 2

(AIE 5) DS AP 22) T4 HBZ U AS H2(23~24)

Jh U B Aol CHE HEZ U AES SHB0IM O, 14, BT S 3 £Z0| 1 9
24 ASHC QolHoE I o0 ASHROME AD JIF B, DA, ChMO| 3
ASHCE RoHOR ool BE 2 Rol42 9IS



Choi DW, Kim DC, Lee HA and Lim CR. (2020). Statistical difference of production
efficiency in medicinal crop farm. Journal of Korean Society for Quality
Management. 48:453-462.

Zhou L, Zuo Z and Chow MSS. (2005). Danshen: An overview of its chemistry,
pharmacology, pharmacokinetics, and clinical use. The Journal of Clinical
Pharmacology. 45:1345-1359.

Li W and Qu H. (2010). Rapid quantification of phenolic acids in Radix Salvia
miltrorrhiza extracts solutions by FT-NIR spectroscopy in transflective mode.
Journal of Pharmaceutical and Biomedical Analysis. 52:425-431.

RDA. (2017). Impact Assessment based on Climate Change Scenarios (RCP) in
Apple, Grape, Mandarin, Ginseng, Cnidium, and Korean Angelica

0O avznag
AZ(AR) | BB Ao =2
rorp | HEYE | B SR TY B 82 Bt
AMY | O Aot saRie U 2
2023(24) | e | o AphsTt Bakg 2 2k
1= 182} 2142} 2
(2022) (2023)

SR 25 te 25 e 25 tE
e =4 - - - - - -
UH 2L - 1 1 - 1 1
iR 1 1 1 1 2 2

Al 1 2 2 1 3 3

426 \ 2023¢T @SR TN
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