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ABSTRACT

1st Task: Comparison of Major Cabbage Varieties in Highland Regions

Test 1. Comparison of major varieties of cabbage in highland regions

From 2020 to 2022, a comparative test of highland cabbage varieties was conducted at five
locations: Maebongsan, Guinemi, Sangsami, Garigol, and Cheoram-dong. A total of 25
varieties were compared for three years. In 2020, the weather conditions were good, so the
growth and harvest were good, but in 2021 and 2022, diseases such as soft rot and wilting
were relatively severe. In 2020, Cheonggwang, Summertop, Suho, and Cheongok improved
varieties showed excellent growth and yield. In 2021, varieties such as Ilpumbom, OK,
Summertop, and Cheongok showed excellent growth and yield. In 2022, the quantity was high
in order of Suho, Ichuchu, and Summertop.

Test 2. Demonstration test of Salicylic acid during cabbage breeding period

There was no difference in quality of seedlings according to salicylic acid treatment when
raising cabbage seedlings. When raising cabbage seedlings, salicylic acid treatment by
concentration did not show a clear heat tolerance effect and disease resistance, but yield
slightly increased when salicylic acid was treated twice at Smg/L.

2nd task: Marketability evaluation of major varieties of cabbage in highland regions

A marketability evaluation meeting was held for three years to investigate the objective

preference of distribution experts, producers, and researchers for major cultivated varieties of




cabbage in highland regions and to share information. The price of highland cabbage is
largely influenced by quality and appearance, and quality is determined by volume (size) and
selection status. In addition, it is judged that quality and price are given priority in
purchasing, and interest in indication of country of origin is judged to be high. In the 2020
evaluation, preference was high for Cheonggwang, Cheongna, Cheongok, and SummerTop
varieties. In 2021, SummerTop, Ilpumbom, OK, and Cheongok varieties were evaluated
excellently. In 2022, the preference for five major, strong summer, summer top, and ichuchu
varieties was highly evaluated. There was also a slight difference in the variety selection
preference between the producer's preferred variety suitable for the highland terrain and

weather environment and the merchant's preferred variety in the market distribution process.

3rd task: development of technology applied to highland cabbage smart farm

To apply the highland cabbage spat farm, irrigation and shade treatment were performed,
and the growth characteristics of the cabbage were investigated. As a result of irrigation
treatment on highland cabbage, it was somewhat better when drip treatment was performed. In
spring cultivation of Chinese cabbage in highland regions, the water yield was higher in
automatic irrigation (drip irrigation, sprinkler) at -10 ~ =50 kPa compared to manual irrigation
at -90 kPa or less in water tension. Yield was higher in automatic drip irrigation than in

manual irrigation in summer cultivation of cabbage in highland regions.
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<E 1> 17X HiF HW AEHES
A
T

24, 4%, Y, Ao, B9 38 ddolz, BE, SO, 435, #ICR
3%, #3CR3), #9CRYF
2091 10 QEE Y oAl o, Hvig FY, BYW IR, 29 3%

9099 15 UFE, FY, HE, o, AstolE, AWy, 24, 35, ik,
o]-FF {AAE 5%(CR3FE, BN2042, BN2057, NO72, Betal7s)
A 25 =4 5 13852 A 35 Ag

<E 2> DX #E EF HIAY A2 FEHe

NgdE  AgmA@E) M8 mame S5 3 HlD
(2.9 (2g (2Y
oAH1,150m)  5.14  60x40cm 6,10 8.13
2020 ) 950m) 6.5  65x40cm 7. 1 9.11
Al 750m) 5,25 65x40cm 6,19 8.27
o-5-4H(1, 150m) 5.11 60x40cm  6.10 8.12 erlms) Au]) @
2021 ) 950m) 525  65x40cm  6.28 8.25 oFAl A2
Al

( 750m) 5.25 65 % 40cm 6.30 8.30
712372 (800m) 6. 3 65 X% 40cm 7.5 9 1
Aot (' 700m) 6.3 65X 40cm 7.6 9.5

2022

w FH AW 1053EH 0] 5% 15458 A=A (=) 13] A2

N 2) WE $27] YAFHED A2 57t AF AW

22 7hg, W A Sol Babsh rka Lelal Ao AkSalicylic acid)E HF SREA
14 Helsomn Agel nAs dae olut dEsdt AUESe FRow 24y
SEF 0UFE 17 71A0R el UAS 5, 50, 100ppm SEOE 28] Helsheley, Bl

£ ASstded 202190 = vieAt 24,
oA FAl AT Al dat Ao ot

(RI2METHR|: THX|E ZQEFO| AN 7P
A o] ALSE AN EE SAAe SR AE B AHE YA
Sapol] o) FRAAT WL ATE MEEA F Akgo] A% AL 2
Olh Aelis7ke] AR ofat 1449l HEAGolE e fE AR
B A= Fasith o] £ ARA BrHs 1RIA) FEE AL U
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Gast wRol AR, AuiAL, Erjel, ¥E, Aa L sEAEL §
Folstol WA HlE EF ABEDY, ARl AW HEH 5& 5T
a1 shesheirt. 2020~2021e0E o], 202200 el 5 AQEHAN A7l
SHEG, AY BB nA) e FREFE ANEY B AEA vw FL oY
A $UL AT HolAES) Sl o],

(MM tH|: D AlX[HiF ADIEE ME nEH

YA Ao ) wljg AjuiA] 7] A s S Ao e Eebste] Al 7]

A o
St AAolEg g W wpAe] adE 202088 H 2d7 Adstth AEESS =%
o], MAFAANTA W HIZFHSH Lo EGeRAIMS HAste] 2z Feel HA BeE
skt FAAR AYAYGo A= 3 —90kPa o|st7t H wf BpE i HA, Az
28+ —10 ~ —50kPa A AFHFEHES shglch AFA Y= LLeAANAE W FAL
oA A x4tz TE A a7 25T ool A wiiRE 70% ARgES AA|skelT
1Ax}= 20209 79 249 FASEAAL 109 49 $85HT 2@1}h 7)ol E agste] &,
o] 2L LRSI 23] AFS =Y 2021 59 20 A, 7Y 29 £ 8Y 1Y
A, 119 2 ekl A iR HAaEe # 33) 7“‘/} A7t F 2R, B
Z

HAL| SN ot o= MH|S(g/10F) HEE(9/10F) 1R
(oK) (cm) (cm) B ax SES ax
2021, 5.20, 4.9 6.0 2.8 2.7 0.23 0.94 0.19 51
2021, &8.10. 4.6 10.2 3.6 13.1 0.7 1.3 0.1 13.0

s kg7 2021, 4. 23, 2021, 7.21
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<E 4> Oi2AK1,150m) ¥ 7|42 s}
Z@II2(C) Z42(m) EUSE(%) UAZH(MI/m?)
2 20 ®A WA 20 FE B 20 MA@ 20 HE BF
(@ () (ab) (@ (b (ab) (8 (b (ab) (a) (b) (a-b)
59 11.9 133 -1.4 113 47 65 223 11.7 106 636 772 —136
6¥ 177 16.0 1.7 99 80 19 124 183 -59 601 579 23
th-! 16.5 19.6 -3.1 407 339 68 26,2 22.8 3.4 411 439 28
8d 20.5 194 1.1 361 267 94 26,0 20.3 0.7 389 483 94
94 132 144 -1.2 423 182 241 293 264 29 334 373 -39
<E 5> HU|0|(950m) ¥ |4 st
Z#712(C) Z42(m) EUHE(%) UARZH(MI/m?)
2 20 @A @i 20 BHA Wi 20 MA mx 20 A HE
(@ (b)) (ab) (a8 (b)) (ab) (@ (b) (a=b) (a) (b) (a=h)
59 129 138 -0.9 99 by 42 20.1 18,6 1.5 599 707 -108
6¥ 18.9 16.4 2.5 130 139 -9 179 21.9 -4.0 577 504 73
74 175 20,2 -27 559 274 284 240 234 0.6 367 406 -39
84 21.9 199 2.0 323 306 17 235 21.8 1.7 354 435 =81
9¢ 144 146 -02 632 208 424 228 244 -16 300 313 -13
<E 6> AAM|(750m) EY J|4ehy wat
Z#712(C) Z42H(mn) EQUSE(%) UAFZH(MI/m?)
3 20 ™Y w20 A @A 20 A mHx 20 HE ®y
(@ () (@b (@ () (ab) (a [ (ab) (a) (b) (a=b)
54 14,3 148 -0.5 103 77 26 106 4.3 6.3 630 704 =73
64 19.7 17.9 1.8 98 133 -36 6.7 6.2 0.5 9590 562 28
74 18,7 21.7 -3.0 328 224 103 13.8 8.6 2.2 412 451 -39
84 23.0 21.5 1.5 311 179 132 16.2 8.3 7.9 402 481  -179
94 15.5 16.1 -0.6 458 153 305 182 106 7.6 342 3714 -32

(32 1) EfeX|S] 2022 6~881t 101H2H2012~2021H) ", K, |1 7|
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(O3 2) EfEEX|d 202214 6~8Y2t 101A2H2012~20211) LA

(22 3) EfEX|YY 20224 6~8% 1t 10:42H2012~2021H) YZEAJR!

(D2 4) X0 ATH(2012~2022) 6~8Y YU U 24 it




AR RS B AT, oA, AL GrrelgoR Asig fRAAS g
woron, stel 3o A9 AHOR e pHE W (E 1)

pH EC SOM Ca K Mg Av. P,0s
Eot NS
1:5 dS/m a/kg cmol(+)/kg mg/kg
oA 7.3 2.0 48 14.3 1.4 3.0 832
Adlm] 61 20 44 8.2 1.9 1.6 369 23351”
AFAu 7.4 2.0 83 12.7 1.0 2.3 526
7= 5.1 2.0 38 8.9 1.9 1.7 1,030 5099
AdE 6.1 1.2 38 5.5 1.6 1.8 548
YA v H9 AR S Q5] BAF XS FPER AASt=d SHA7]] oE
HAZAL F Aol Holz| ghgror, T/RES AAtu] ) An] ) ojgAl =082 w9t (3 8)
<E 8> SHAPDE AYEZ(1083)2 ¥ 2% EY
FEA7| PS o4&} o= S (9/5F) Hez
e Al (71) (cm) (cm) SES 2= T/RE

144 6.10¢ 4.840.2 5.8+0.7 4.0+1.3 0.3+0.1 6.4+1.2
5.25¢ 6.19¢ 4.3%0.2 6.9£0.7 3.0£0.2 5.4+0.9 0.3+0.1 12.5+3.4
6. 54 7. 14 4,9%£0.3 6.8+0.5 5.4+1.4 0.3£0.1 10.1£3.0
11 oA, 10), FON(7.1), AAHI(6,19)

20209 197 AW AIE A3, F2WE AAE) BB ] ow gusdon
wa) e Apatnlo] ARt BAElTh (E 9, 19 5)

X
2
j=5)
=
R
i3
2,
>,
N

oAt Hulo| HAtol
AEEE N 28 %2 =2 NS 25 %2 =3 ANs 28 g2 =2
S8 ¥ =¥ ¥ S¥ ¥ =¥ ¥ 3y g 33 Yy
= & - 5 - - 3 - - 5 1 -
Y % - 1 - - 1 - - - 3 - -
3 u - 1 - - - 3 - - - 3 - -
Ghik -1 - - 1 - - 1 - -
Holt - 3 - - - 3 - 1 - 7 1 1
35 - 3 - - - 1 - - - 5 1 -
Afolz - 5 - - 3 - - - 5 1 -
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Of S-At Hdio| At

ABEE N 28 #3 =2 NS 25 %3 L3 ANS PE $2 L2
S8 8 =4 48 3¢ 9§ =4 ¥ 3y o =¥ 9
H & - 5 - - - 3 - 1 - 7 - -
NG - 5 - - - 3 - - - 1 1 -
F 3 - 3 - - - 3 - - 3 1 -
FHCRES - 1 - - - 1 - - - 1 1 -
4 CR3} - 3 - - - 1 - - - 1 1 -
FHCREE - 1 - - - 1 - - - - - -
AR TEAE 2020, 8. 4., FH7] 9.2, ] 8.18%
s I AR - (F), 101%vW), 3(1~10%), 5(11~20%), 7(21~50%), 9(51%°14)
28y wa|sH WESE

(2% 5) 20204 Helis 24 Uy

gl 2o A= B, 7F, ASATE FFol FTeiden, A 242 A, A,
BENE FF0l, A 232 A%, AU, AvE, A5, "3 AT 22 FF5o0] A
o ofEst Y&T} SeFe YR (R 10) 2 =4 wj% 282 2021~202239)

A

<HE 10> 20204 DEiX[HHE ZEH MQ gl AdF EN

S
N oxn 73 75 _820WF 3= 33 =2 +2(kg/10a)  A=Z3l8
A FCS (g/F) (@A) 9y ug (em) (em) ZMZ zoy mz= (%)

& % 2694 1519 21 68 163 250 =3 5774 4,320 748
A % 2153 1,255 19 56 160 260 A= 4770 4,316 90.5
A 1,956 1,004 24 52 158 253 =¥ 3814 3425 89.8
M AWE 29251 19221 22 58 161 264 Ak 4639 3,692 79.6
(1,150m) =olsr 29233 1,229 21 52 159 253 w2k 4671 4,004 857
A% 2099 1068 24 55 156 262 Aw 4,059 3,203 789
dxolzx 2,304 1,391 18 64 157 250 Aw 5987 3,992 755
g & 2128 1,308 18 63 158 251 =¥ 4969 3,178  63.9

8. AT A 755




(o]

N8 opm 73 78 _820WF) 3=z 33 gz +8ke/10a) y=zsig
A FCCS (/R 9/ gy uyy (m (em) ZMZ zoy gz (%)
2 3 2478 1,323 22 66 17.2 265 lwe 5026 4,445 884
HeANeg 92214 1,317 19 60 162 267 2 5006 4,632 925
(EHE&;) HWerde 2,221 1,170 25 49 160 255 @ 4445 4052 912
#Werd® 2,237 1,201 24 55 169 264 9wz 4563 4,097 89.8
EZerst 2,179 1,266 20 59 16,1 25,6 L 4,811 4,189 87.1
% % 2243 1,306 25 54 156 268 v 4964 4594 932
d % 2033 1214 22 48 152 269 8 4611 4385 932
4 4 1,850 969 24 46 152 259 w3 3681 3501 952
Weg 2525 1,506 23 54 149 287 dx® 5723 5361 939
B 2196 1,170 23 49 164 279 =% 4445 41338  93.2
A & 29256 1,210 26 48 158 27.8 k@ 4598 4355 946
(?5?12) AMolz 1,950 1,075 26 48 148 9254 w2 4084 3473 850
B & 2248 1,280 27 54 152 267 =% 4,863 4,199 86.4
JoAMeF 2251 1,306 25 50 148 284 A 4962 4,658 939
2 3 1,732 916 23 45 144 253 A 3481 3,202 912
#Wer¥S 1,776 941 23 41 144 9258 = 3576 3,430 959
FHcra% 1,429 835 17 46 146 258 g 3,172 3,032 952
ZWerst 1,629 891 21 46 146 267 AwF 3387 3271  96.6
% 3 1842 1259 12 66 163 254 s 4783 3839 80.3
4 % 1,815 1250 10 58 167 260 9w 4749 3812 803
¥ U 1,871 1240 12 57 163 269 w3 4710 4,133 878
MWelgh 2332 1564 13 65 187 287 dw# 5941 5497 925
B 1,796 1,176 14 55 156 261 sk 4468 3,100 69.4
A & 2053 1406 13 60 17.2 27.3 w5343 4325 810
gggﬂ) oMol 1,986 1,361 13 70 162 269 w5170 3763 728
¥ % 1,875 1,262 12 61 165 27.8 #4797 4,373 91.2
HeAMeF 1,764 1213 11 54 160 268 w2 4610 4,046 87.8
4 5 92485 1,687 15 66 185 27.3 w6410 5320 83.0
HWerdS 1896 1,359 10 53 166 257 =@ 5165 4,834 946
HWerd® 1971 1,342 14 59 177 275 w5098 4,960 97.3
Z%erst 1,875 1,262 12 61 165 27.8 sk 4797 4373 912
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DjZAH 1150m #dlol, 950m S|, 750m

(O3 6) 2020 X|cHE nAX|HiE ds A4

o

20219 2%} APAY AT, FEWS HWAOR wAsh HolE, B, HAHEOA
WA e, BelEe Ablo ut wayskec (& 11, 27 )

- NS8Y FEY ra=y Htol2A & 7IEt
T C op=ar Ao AAlD] OHEA G0 MAIDL OHEAN FU0l AAlD] DHEAN FAHDl AlD)
adE - - - - - 1 - - - - 3 3
dd - - - - 2 3 - - 1 - 3 3
oAlo] - - - - 3 - - - - 3 3
o0 - - - 1 1 - - - - - 3 3
e - - - - - - - - - - 3 3
F 4 - - - 3 3 - - - 3 - 3 3
EE - - - - - - - - - 3 3
s - - - - - - - - 1 - 3 3
=% - - - 3 2 3 - - 1 - 3 3
45 - - - 1 1 1 - - - — 3 3

~

)

O

Hal 2 Aw: —(mEA), 1(1% vqh), 3(1~10%), 5(11~20%), 7(21~50%), 9(51% ©]
ZARY: 2021, 8, 3.(1A), 8. 12,(2%})

FEE[OS L) fel=H (A d=xsHHUI0)

(ad 7) 20211 X|iE & T DS 8 Aot Iy

8. AT A 757




= = ni = A2
L T
UEE 3,873 2,689 35.1 15.0 At 4,415

3 B 3,120 2,128 29.3 14.5 At 3,557

Q7o) 3,833 2,847 29.3 14.3 w3} 4,370

o o 3,766 2,556 35.7 15.0 w2} 4,293

f A =y 3,733 2,306 31.3 15.8 At 4,256
(1,150m) = o 3,366 2,511 32.1 15.0 At 3,837
Hopat 3,566 2,171 32.5 13.8 w3} 4,065

it 3,700 2,577 29.0 15.0 3} 4,218

= B 3,633 2,646 31.7 15.3 Ay 4,142

3 & 3,967 2,780 32.3 16.0 At 4,522

SIEA: 4,160 2,541 29.9 18.0 At 4,742

o 3,628 2,228 32.8 18.2 At 4,136

S Ao] 3,763 2,409 33.7 18.5 3} 4,269

° o 3,170 1,917 31.9 18.3 w3} 3,614

EAREI ek 3,781 2,336 32.0 20.0 Ay 4,310
(950m) 3 3,862 2,566 32.8 19.3 A 4,403
Hopar 3,644 2,237 29.8 18.2 g} 4,154

AR 4,027 2,695 30.1 18.6 w3} 4,591

= % 4,035 2,627 30.8 18.9 At 4,600

35 3,935 2,429 30.8 18.7 At 4,486

UYEE 3,578 2,292 30.3 15.9 Ay 4,079

o 3,168 1,991 35.8 14.9 A 3,611

o70] 3,589 2,399 34.9 15.0 w2} 4,091

o o 3,461 2,246 35.9 15.3 w2} 3,945

ApA}] ikl 3,768 2,808 39.2 16.2 Aweg 4,295
(750m) z 9 3,457 2,707 35.3 15.1 Ay 3,941
Hopt 3,323 2,435 35.6 14.9 w3} 3,788

PAHE 3,382 2,558 38.6 13.9 w3} 3,856

= % 3,281 2,549 35.8 14,7 A 3,740

AL 3,379 2,505 33.1 15.1 At 3,852
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O &SAH8.12,) HUl0|(8.25.) 2AN0)(8.30.)
(02 8) 2021\ 1X| HiZE X|CHE 8 A| MS &g
20228 A4, 8¢9 X&HAQ -2 AR wot, T2 Yo7t 543] A= =T
7tejEd A9 =atd, 59 Tai7t 20% v|Rto R o] wom, HO A9 ‘3
EF5= AQstar B 97k 50% o) WSt AEdol Hol Ak (3 13)(L™ 9)
<H 13> 2022 UY¥X| HiF EZ3E HllF Ll ZA
7t2|lE HAUS
559 Law ssw  wosw HOPLL S waw oy wamy "OUSS
UE= 3 5 0 0 9 9 0 0
3 % 3 3 0 0 9 7 0 0
3 & 3 3 0 0 9 7 0 0
S o 3 3 0 0 9 7 0 0
AR 5 3 0 0 7 0 0
Rl 3 3 0 0 7 0 1
& % 5 5 0 0 7 9 0 0
A 3 3 0 0 5 5 0 0
Ak 5 5 0 0 9 9 0 0
o]-F3 3 5 0 0 9 7 0 0
CR—31% 5 7 0 0 7 9 0 0
BN2042 5 0 0 9 9 0 0
BN2057 3 7 0 0 9 9 0 0
NO 72 3 0 0 9 9 0 0
Beta 175 3 7 0 0 7 9 0 0
% 2AMD: 2022, 8. 8.(17)), 8. 24.(23p)
s Hal 2 Aw: 0, 1(1% wlwh), 3(1~10%), 5(11~20%), 7(21~50%), 9(51% ©14)
8. MRHGA 759




20220 TA) WiE YT oF 300F AW FHAKE SHelF Aojo] FEY YL
HgOL AL A& B2 wFy, BB 3 Wao] Hstowl, stelE Ao
SE, olRE, Y 202 Sl BUN R, R, AEE 02 Sl wlt
A4 5 s8ede] AME AT Hdel ul3) 8Y AHH Ao G AR HEOR AT
Aol koA f3hapo] gastyirh. Y A £ w3 Ah i Ao] Bakstol
AEAo] WolH Sapol Az, FEY W A S5 EF Sl g wokh

(£ 14)(2F 10, 11)

<E 14> 202219 DUX| HiE BEE MR U 4Y =4

ABRA  =E 2o PE FE 75 FH=(0h/F) —_— T
(cm)  (cm) (9) (9) Qe LS (kg/10a)

Yz 30,3 155 2,196 1,704 8.1 645 gt 3,649

A % 30,2 159 1,982 1,450 87 589  AdAxz 3,493

2 29.0 14.8 2,025 1,403 9.3  60.2 gt 3,381

o o 29.8 16,8 2,309 1,706 89 583 g 4,111

Agels 297 167 2,177 1,591 101 595  Ax# 3,409

A oet 29.0 155 2,467 1,682 136 619 A= 4,053

_ = % 27.3 154 22338 1,621 9.8 67.3 A= 3,087

(goaolj) 5 3 29.6 185 2,823 2116 122 680 A 5,100

AL 29.2 153 2,305 1,721 10,1 680 = A 3,277

o]-FF 31.8 17.8 2,555 1,989 9.2 67.3 oA 4,259

& 1,031
BN2042 256 12,8 1,458 1,083 9.4  61.0 g 2,062

2

2

1,505
3,156
Beta 175  26.4 14.8 1,700 1,146 9.2 46.0 Ay 1,534
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(cm)  (cm) (9) (9) ol L (kg/10a)
&= 26.4 14.8 1,715 1,368 9.5 63.5 A 651
Ay 7 25.8 13.7 1,378 1,130 7.5 54.9 =g 672
4 = 25.0 13.6 1,257 989 7.9 48.1 »t 088
2 T 29.1 15.0 1,864 1,498 7.6 54.0 =g 891
J3ds 297 161 2,015 1,570 9.4 529 g 1,168
Aot 27.2 14.5 1,945 1,585 8.6 61.9 Al 1,179
dore &= & 25.6 14,3 1,515 1,256 7.3 61.8 Al 747
(730‘8;1) T 3 28.8 17.2 2,558 2,114 9.3 68.7 g 4,025
JAbE 27.8 15.1 1,701 1,472 8.2 62.9 g 700
o]-F% 252 155 1,798 1506 93 659 =g} 896
CR-3lg 279 16.2 2,620 2,044 13.2 63.2 A 1,216
BN2042 26.4 14.1 1,982 1,580 12.0 64,8 e 752
BN2057 247 13.6 1,429 1,197 10.8 63.2 =g 570
NO 72 27.3 15.1 2,265 1,835 9.4 62.2 At 873
Beta 175  26.3 14.3 1,664 1,368 6.7 48.0 A= 814

72|22(800m)
(02 10) 20223 04X HiZE THHHX|E S04

7t2l=Z(800m)
(3% 11) 20224

Ze}(700m)
A%H2022. 8. 8))

0:-:

K700m)
Ul HiZE XHEIX(E 3 W8 £4(2022. 9. 1)




(]

FEEE AT

27] A

o

F =

(Ad 2) H

A w3 Su7)o

ot el AF 50mg/L 23] A2] A] T/REO]

),

oK

X
K

Ho

23|

100mg

23|

15)(19 12)
23|

i
3t

HA(

]
<

Kk

il

<r
KO

mjJ

X

xe|off ot

F

=<
=

2]

[

<

<H 15>

_l

Ko
31

Ko
fl

11.0
10.7
11.7
11.3
7.5
8.0
8.8

0.3
0.3
0.3
0.4
0.4
0.4
0.4

3.4
3.0

3.3
3.2
3.5
3.2
3.5

1.3
1.4
2.4
1.9
2.7
2.2
1.7

20.8
25.5
32.4
26.7
30.4
26.3
26.3

3.8
3.9
3.8
3.6
4.0
3.9
3.9

9.0
10.0

9.9
8.8
10.3

9.8
10.0

0.7
0.7
6.2
6.5
5.7
0.7
5.9

o0
100
50
100

A2

I

T

2022, 7. 5.

AL

12022, 6. 3.,

Q]
=

=
o

B

Al =
EX9

I, 2021 iAol A 2

dl Smg/L 23] Ao A ko] 7F 57

T

=] x
e

=
=

S
pid

ok AER 2
Eis

Are) a4
ABeIA F3
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o
o)
o
%

o}ofFL
& A1
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<E 16> 2021 DX vl SRI| H2|MM M| IS XY M 8 +YEY

Melsz NEIEE S 7E =7 = ]
(mg/L) (&) (9) (9) (cm) (cm) (kg/10a)
1 3,633 2,152 40,3 15.3 4,138
’ 2 3,967 2,109 40,0 15.3 4,526
1 3,533 1,652 38.7 14.3 4,028
v 2 3,900 1,979 39.0 16.0 4,070
1 3,800 1,702 38.7 15,7 4,332
100 2 3,600 2,028 39.7 14,3 4,104
A 3,633 2,645 36.8 15.3 4,142
* AIFES Y, MY 6. 24, A 8. 12,
20228 ZAAIAZ 3 23} 7HeE A9 8Yx HIR R B4 ASo] HAAL YR matiol
sstglo Aezk Aol Yol AYAAL LA 92 BE A2FolA e,
% FERol

A7t &

2
o
fo
e
"
D)
52

o

S
oy
)
—
-3

18, 713 13, 14)

<E 17> 20227 AX| BiF |82 2l oF M2|E Fol L AL

e Hors
MEIRF MRASE 5w oge  weazw  w3w 9w wosy
(&) (mg/L)
1XF 2%t 1Xt 2%t 1xF 2%} 1Xt 2%t 1xt 2%} 1Xt 2%kt
) 3 3 - 3 - - b) 7 b) 9 - -
1 50 - 3 - 7 - - 3 7 b) 9 - -
100 3 7 - 7 - - 5 7 5 9 - -
) 3 3 - 7 - - b) 7 3 9 - -
2 50 3 7 - b) - - 3 7 3 9 - -
100 3 7 - 7 - - 3 7 3 9 - -
g 3 7 - 7 - - 3 7 3 9 - -
¥ APEE 2
% 2 AR A 2022, 8. 8.(1%}), 8.24.(2A))
x o] B Aw: —(u]dhy), 1(1% )9, 3(1~10%), 5(11~20%), 7(21~50%), 9(51% ©|A})
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24l A Smg/L 23] X2 de[d o 2Xe

(O 13) DX HiF S27] g2 o M2 B ds A—((XIY: IS, 2022. 8. 8)

fe|4l ¢t 50mg/L 23] Mzl (7t2lE ) Abg| Al A 50mg/L 23] M| THEY)

A 14) DYX| HiF |R20| Ml o M2[of D2 HHAIE Ms 122022, 8. 24)

>

—

<E 18> 2022'F 1AX| HiF |RI| 42l o M2|E 45 ¥ 2 EY

AEma NS AMelsE Rn 22 x3; 0 23 SS(/F) 2
=eT (3]) (mg/L)  (em)  (em)  (9) (9) 99 Uy (kg/10a)

5 3.0 156 2038 158 88 682 3821

1 o0 29.5 14,4 2,088 1,641 6.8 67.8 2,197

100 26.9 13.2 1,689 1,327 5.6 60.6 987

7helE ) 29.0 15,6 1,983 1,486 9.0 67.6 1,990

(SOOm) . . ) ) . . ’
2 50 301 148 2182 1725 7.2 680 2,052

100 27.0 15.0 2,010 1,428 10.0 64.4 1,061

T g 32.8 178 2,315 1,635 8.0 70.0 1,216
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s Helgs Masz Fn FEOFF 73 S0/ =) 22
WNESES =
(=) (mg/L)  (cm)  (cm) (9) (9) QI tyed  (kg/10a)
b} 24.6 12.8 1,445 1,230 6.3 62.0 732
1 50 236 133 1,189 997 6.3 56.3 593
100 22.0 134 1454 1,195 113  61.0 711
qAE b} 27.8 15.0 1,819 1,524 7.4 60.2 907
(700m) : : : : : :
2 50 229 119 1,048 849 70 517 505
100 256 13.0 1,161 920 8.8  53.2 547
A 29.1 16.0 2,358 1,890 6.6 66.2 1,124
% 7hE G4 2022, 7. 5., A9, 1., HYE: B4 2022, 7. 6., A9, T
(HI2MIR2H|: DRlX|E =2EEO| AIFY HIh
2020~2022 37HAZE AGA B7ES 9IS ARAE Aw FeEFO AEELLS F 199

2k (19 15)

<E 19> X HiF £ APESE MEEH(2021~20223)

39  ZBslt x 2 £ 4
o ] UFY, A7l Hoku So| B A F3} Al FA ol Ll
9§ 4ol Aol YAl v £
ame  peen © 28 Bl 9D WHES FRol 2R el Hon Huw
WO E TAY o] AE
o 7t ergEel A2 WFo| ks, AYY %
o 127 ATee] tha % WO A JEAE T

fll

Ao the

o O O O

oA
T

welzn uaAY EE AFFNEE Auergel F
do w2 Yoo AFPor ALEo] Aol
HEAT 2Egol vad 4

2 8ol 194 uE

s 7t o 8
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0=

ZE3|Al 2 £ 4

o
O

o Aol el A AujziA] 7hsdh el
5 oW wue)a o A f gMo] Ak Mo ZEO] oF1 EZlo] $
B o Ztj7} oA HujEz Wasy Lgyo] vjmd 7}t H
o Mol =AY}l QhaLu]F ulZ, ’“‘:'Ol X#%ﬁoq oro] 25
o FE2o| gkul fREglero] Hutsle] ghyl F2o] 9
W o O FUZFHIEA = AL W 12 A7E 95w F WS ol Fels
- -
9=t ‘:}012 o QAL A AT WP Zgh gk
o xu YFFolH &7Vt Ay i mldio] Hol AtAdo] 11, RS
(racell) WHAo = Auj7t goi
o Zojof oFA, A& 9 1 ALY s AW Zo] W uEA FHjE
JabE AlEASEt o AT o] ki, Y mYJo] Hof WA rhs
o QAL gt wA Fo] HlmE AX ROl S

o AT UGMo] gk FZo| 3] gk SEAF o 1A ot
Lo APREE o Foivh obgE Buiiae A 9 ne Ayeol e AuiEe] W
T0 ZEel o ggMlo] HEA X3 Xy] Y5 ¥

o gty 9 Aol wwz] st] Al Lol

o Malzro] Jaa gt Fo| Aol i
W 5 omey © A7 HSIl W, $50) g Ao ol F
° T o 9] m =4 kgl vl 7% £%

o g 9 Aol v gato] At 44

o wEgy UFPor Fo|  ujF
3B ThE o 99 Rl ATuge] HYor Tolx| gu Ho| F&

o MalEn AR FS50| gL P4t Y B - odF 1WA EF

o Aol Tl HlwA Fuhrt SRH EE
o o A: FEAH0| S5

o 9ol 5EAll vhmy] UEY vl

o At Gold WeE A oI5

o WelEH, Hlolgiy, Wiy BPAPY FEOE olBAHel A7t Fol
G B BSuele o Y@Me 3502 94t B Aste] Yusk S4sn UG wu
o PHPOR FW 94, U HYAY A UFY THOE 9 AY ol

o FSo| gfu SEAYol AL @SR 7} Hekstel Weame] F
o 7o Wl Yo vhEn AFFOw Aol 4
o-FF WFE o AFYhy
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=

T B ol = H £(%)
E&(327) 15 60
=7 &7 0 0
Q)P F) 2 8
% A H 2 8
Al A H 5 20
7] E} 1 4

A 24 100
<H 22> A0iEE Q0!

Sl o= Hl (%)
= 2 14 56
4 6 24
o AP A 4 16
B oY = 0 0
4 0
7] e} 0

%l 24 100

YA F5E 4, g o A5 E HeRjlE HAE Ai A, AW, AL
e ol Bolde ASE Bt (3 23)(1H16

<H 23> 20204 2&tmotoy| o

= 3 =M -9 =Eid =5 At EN MY
% = 3.2 2.9 2.9 2.7 3.1 3.0
Ef = 2.6 2.3 2.3 2.1 2.5 2.4
% B 3.1 3.1 3.1 2.8 3.2 3.0
% = 3.6 3.7 3.3 3.4 3.3 3.5
2 A o] % 2.5 2.7 2.8 2.5 2.5 2.6
CSI I 2.8 2.8 3.0 2.8 2.8 2.8
A L e 2.6 2.7 2.8 2.7 2.6 2.7
= 3 2.9 2.8 2.8 2.7 2.5 2.7
L= 2.8 2.6 2.7 2.6 2.6 2.7
4 Kol 2.4 2.0 2.2 2.1 2.4 2.2
ZFcr3st 3.3 3.3 3.2 3.2 3.2 3.3
FHcriy 3.3 3.0 3.0 2.8 3.0 3.0
FHer&% 3.4 3.1 3.2 3.1 3.0 3.2
3 in 3.0 2.9 2.9 2.7 2.8 2.9
LR, 2085, 3(04%8), 49, S0H9-94)
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<H 24> 2020

¢

— ||| N | N ||| ||
||| N[N0 ||| M| NN
— — | —

N | | ofr | Nd | BT | | Ho | M| el | T | of | Fe
o = = | RO | R

w o Sl 5|5

xr ofr T | '

T RO RO oM | T | R | | T | <k | | <F | <F
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<E 25> 2020 AIRMZ EZ(GFF H)
7 2 g = H| (%)
% & 12 9.6
2 = 3 2.4
% u 12 9.6
% & 13 10.4
A A o] = 10 8.0
Ao 14 11.2
3E5NE 3 2.4
= & 7 5.6
= % = 7 0.6
4 3 3 2.4
FFcrst 13 10,4
i crdy L 13 10.4
¥ crag 15 12.0
A 125 100
2) 22tA &= w R uj A RA Bt
20219 Fujm] AHER|N F8 FF A%, FY 5L FUHOR Prstudt 42
ZARSE At 3 263 Aok AR A FeA ol ARt FEH AS LA AsE 4
AE FFL ol efzte A8 7|5% zpolzh sttt As=rt A Hrhd S50 AW
UEE, oA, ‘AL Fol AHOR 945tk (1™ 17)
<H 26> 2021 UH¥X| Hi= FREF M= ZAZEDL
FEXE el
=39 MSE(1~5) MSE(1~5)
SM 7Y gm7I 28 AMH IZE  GM 3F EF7 28 YMH BF
U H 43 40 35 40 43 402 36 35 35 34 38 356
2y 33 30 30 28 33 308 34 29 29 28 30 300
9 7 o] 38 40 40 38 38 38 40 35 34 33 31 346
o o 38 35 38 30 35 352 30 33 33 33 33 324
A 40 40 38 38 40 392 30 34 31 33 30 316
= o 38 35 38 33 38 364 29 30 29 29 31 296
g 35 30 30 33 35 32 29 25 25 26 26 262
A= 33 25 30 25 35 29 26 25 28 24 25 256
= # 33 40 33 33 35 348 31 29 30 29 30 298
q L 38 33 35 35 40 362 29 29 31 29 31 298
770 2022 AIEHTETN




AT - X=E], T[Xt

o =
=59 MSE(1~5) S E(1~5)
oM 78 9/l 25 N 38 @M 78 gn/ =8 Yud a@
dE & 39 39 39 37 39 38 39 38 37 36 39 3.78
A % 3.4 3.2 3.4 3.1 3.4 3.30 3.4 3.0 3.1 2.9 3.2 3.12
2 7 9] 39 40 38 39 38 38 39 38 37 36 35 3.7
% 34 33 32 31 33 32 33 33 33 31 33 3.26
R 38 38 38 37 40 38 35 37 35 35 36 356
s d 3.3 3.1 3.3 3.3 3.6 3.32 3.2 3.1 3.2 3.1 3.4 3.20
o= 31 30 30 26 31 29 31 28 28 27 30 2388
AR 32 33 36 33 31 33 30 29 31 28 30 2096
= & 34 33 39 34 34 348 33 33 34 32 33 330
d = 33 36 38 34 34 350 32 32 35 32 34 3.30
% % AF o 2021, 8, 18,
M B R I~5(1-veRe, o-Be 3-HE, -9, 5-mh995)
AR D1 1, 59 5, 0 A, A 9
UAX] HEE NE MY Hess MY
(33 17) 20214 DUT| BiE HBF U AT HSEF M
daeh Wb R AR A B, 27] S 7 FAo| 7Y o] Aty
ZAE AT, 284 P 24 fQlow A Rio| Y 2 o eyt (1Y 18)
712 7% 20 =3 2% 29 Toj 2% 20l
(3% 18) 20214 DR 8= O1, BY U 70§ 2 Q9
8. AHHTFA 771



3) 3xPAE A= ARG Hr}

20229 % 7helE AIFEGOA T8 FF o, F4H 55 THHLE HristaA AR
ZARE Ak 3 273 P 1A AP ] At FEa A Ao AsE 4
e TSR odf, ARtelE, AW, ‘o]-FF T tier AS =Tt wA yERth (21E 19)
<HE 27> 20229 DAX| X =QEZE MTE EAADL

FSZ0HRU(ZoHAL, ZOiEl, S§) sHel

=59 MSE(1~5) MSE(1~+5)

M FY FFV =2E YMH I GM I EFII 2E YdH B

UEE 32 28 32 32 32 312 36 32 34 32 34 336

3 % 34 28 32 32 30 312 36 30 32 34 30 324

3 2 28 22 24 20 28 244 32 26 30 28 36 304

o 9 36 42 38 40 38 38 42 44 40 42 40 416

Aels 38 42 36 38 36 38 38 42 38 38 38 388

Ao 38 42 36 42 36 38 40 44 40 44 40 416

& % 34 30 32 32 30 316 36 30 32 34 32 328

& 3 34 28 26 28 30 292 30 28 32 32 32 308

A= 28 26 28 24 26 264 34 34 32 30 30 320

o]-3% 34 36 34 34 32 340 38 44 36 42 36 392

7|Z, A - X2 S 5 &

289 MSE(1~5) MSE(1~5)

M FY FF7 =2E YHH I GM I gRII =2E AYH BF

S 34 29 31 29 32 309 34 30 32 30 32 316

4 % 33 29 30 28 33 305 34 29 31 30 31 311

¥ 5 32 26 26 25 28 273 31 25 27 24 30 273

© o 38 38 38 38 35 37 39 40 39 40 37 388

Agel2 37 39 38 38 36 376 38 40 38 38 36 380

AHog 37 38 37 38 40 38 38 40 38 40 39 391

% 36 32 33 29 30 318 35 31 32 31 30 320

& % 36 28 35 32 34 3271 34 28 32 31 32 314

gAks 36 29 33 28 30 311 33 30 31 28 29 3.02

o]-#* 38 38 38 38 36 378 37 39 37 38 35 372

¥ 2 AR Al 2022, 8. 25.

A 3w I~5(1-mf 9B o-EBeF 3-HE 4-07 5-ujoos)
A 219 (878l 5, w4l 5, 71A, A4 - A=A T 11)
772 2022 AIEHTETN
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(MIBMIStA|: DX ADIEE X TFEM MM J|& i

20214 HV}%! SF-20) A 50 kPaoll A AxeFeel A Passte] AJulgh B39 -90 kPa
olslofl Al T3t FA T o] AL vwd A AxyIeel HF Aulgh vz koA
A=A WAWJ Zpol 8 yERGon, AxRA Fgo] 9t oyt F Aoz wHEQIL
(% 28)(1F 22, 23)

<H 28> 20213 2t "o 2 Hi3: 4] E4 (DMRT = 0.05)

=3 QH4 7E 1 = L4

(9) (aH) (9) (cm) (cm) (TH)

¥ 4 2996.3a 12.2b 2152.5a 32.7a 16.8a 50.0a
sz EFUA 566.1 2.4 371.8 1.7 1.7 4.7
29 3z o 3761.0 18.0 2741.0 35.5 20.5 58.0
N 1591.0 8.0 1205.0 28.8 13.0 41,0

¥ #  3052.6a 14.9a 2207.2a 31.7a 16.6a 54.0a

. EEHA 483.8 3.3 348.5 1.4 1.5 2.9
3 o 4473.0 20.0 3038.0 34.0 19.5 59.0

2 A~ 23340 9.0 1664.0 29.0 14.3 47.0

3 s 2059.2b 15.3a 1400.8b 28.9b 15.2a 49.6a

o EFEx 454.3 4.5 363.8 2.1 1.6 5.0
A2 g o 3197.0 30.0 2424.0 32.0 19.0 59.0
7 A 1099.0 8.0 798.0 24.0 12.0 38.0

(Od 22) HOHE5RA

rH

ENERE (03 23) BayHol GE = 48
ol o3t SoF L KB
Hrhe 39 Aolof A Lhi

& AT (O™ 24)
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(23 24) B4 Yol W2 MSEH Hlm
AR SAAN A =AY AEHE A)S % SEAY (kPa)H A EFSE
AT AT =T Bt o AW ol 7% AURAZ AT (2Y 25)
(2 ThER AARY o] et BRI AN AUE GO, R 28 %8 e
Wi 497 ol ABoA ol gt EG4E e (bar, kPa F)THE 2 e Ui
Gt YutHom wAo|x] SEAE 33 kPa(l/3 bar)o] BRGSO R4S 2457
dg AX O £ W st AT, HT AL PSR o8 I SuI
B 4o] B siet

25518k v/V)0f 2 L2XE(—kPa) ~
N

SH2(~kPa)0] W2 LB, v/V)
a8 25) EYeEeEnt 20t

24

M

20224 W17 Sh9mol M Az Feieh WA Basho] e w ot

= o
of
ot

Hxd wkEsto] vl A|F3E Ayt AWl npdriz 2 deads 7|gd ¢ Add=d &,
o8 Ay mE AHOR Aue] FAWSTF AR AnyIenct i FFS B
(3 29, 30, 19 26, 27)
<E 29> 20223 EtXE|E O-X| HiF & IHHiEY e A
X 2 F&5(9) ZZHcm) HZ=(cm) &~(oH)
=5 915+66 39.0+1.2 23.1+1.7 65.6+3.2
b Za RS R 1,360+120 42.8+1.8 25.8+1.9 67.2+3.5
A
° AxElEy 1,174+158 39.3+2.8 240+2.4 63.9+3.4

% A 2022, 5. 20., ZAMY: 7. 2.



<E 30> 2022 ZK2[E DYX| HiF HE MHIEA Y] £
X 2 F3(9) 2| =~(0H) +3(9) T(cm) TF=(em)  LES(0oH)
> % 2,965+192  11.3+0.9 2,099+154 23.6+0.7 16.0+0.7  83.8+4.1
2 AP 3,688+195  11.8+15 27024270 26,2408  19.3+1.0  91,9£3.2
T Ameggel 33494207 115413  2440+176  251+1.0 17.940.9  85.7+2.8

s AAjA: 2022, 8, 11, RARI: 11, 2,
& TE - HHEL itE - Angze
(O3 26) H=HM2E Me 4
AR NS ENA ADYSY, B HYBL, oF 2524
(O 27) H=M2lE 0YX| i HEAAE Me =4

20201 Aol whE W WSS AT F AEHA AR AY AKHo| AFHA
ofof, ol wIAA Rapgont, AA Tl A FaFo] &7 87

2= xm av2 webEch (F 31, 1Y 28, 29) A% Ao u}
B2y g9 307 g

1
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==

<E 31> 2021 XHEX2[0f 2 HiFE A

O:

= £ (LSD = 0.05)
A

=3 2@ 75 =3 7= LH 4

(9) (OH) (9) (cm) (cm) (OH)

I 718.1a 7.2a 556.4a 23.7a 12.8a 34.1a

- BEHA} 294.9 2.1 235.9 1.7 1.6 5.3

X_,

° z o 1640.0 12.0 1317.0 27.0 17.0 43.0

z A 356.0 4.0 267.0 21.0 10.0 25.0

q I 446.8b 6.8a 323.3b 19.8b 10.5b 31.8a

i 2P 199.2 2.9 132.9 1.7 1.6 45
e _

B 1224.0 15.0 822.0 23.5 15.0 42.0

2 A 144.0 3.0 115.0 16.0 7.0 19.0

PNEL NI g FXz2

(OF 28) Xt X2| Bl =X 2F

(D% 29) XK T2 BHE S S




(3™ 30) Me|of EBoheItH2HFlir E6) =tH

&7\ F FW A A AAA Supe] Yooy}, ] G%S F AL G
a7le] o Ao BRI 4w ARe 1eY] £ L5 U ELS AP A
QA el ouz ekt

Meld s Xeld g

2B Helg 7o o 2=

(ad 31) Xt Xz[of mE Y

20219 2] W2 iRe] AR BAY ol $AX Rl govy Arges e
sshE AdAD 4 o Tk 7l G 82)

<HE 32> 2022'F XHEXZ[0f 2 HiE A4

x 2|

F&(9) 2| &4=(oh) T75(9) T3 (cm)
TR 2,816+371 14.9+1.2 1,923+287 26.9+1.2

A (70%) 3,026+ 212 15,0+1.5 2,007+165 27.4£0.8

T=(cm) LH & 4~(oH)
16.56+1.4 62.7+3.4
16.7+0.8 60.1+2.4

s AL T 14, AR 9, 13,

R o i 5 7S 71 A 2y g2, AEAA 127 As7It F
W2, AseE, 5%, 3Y - A% oF

’ 3 o) 2 reke] vlmw oFARS 19 32 ~ 361t 7T
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(2 32) by

t2021. 8. 1. ~ 8. 7., EffH

3

(D32 33) XAtEXEE 7|_E

(2% 34) AYHE|E XF2E Wek2021. 8. 1. ~ 8. 7, EHY




(D2 35) XIYK2|E S ¥8H2021. 8. 1. ~ 8. 7., Eft DA=AAHZ

(28 36) AFEHX2|E Y #8H2021. 8. 1. ~ 8. 7., B DASUAHT)

HIME 2 D2X] BiFE FLES H|m)

N8 D 2PA) W FaEF v
7. 20209%°€ 2022674 WA E BF WAL AL AE), A, AelB
AYE 5 Aol Spee

U sdzt & 2585 lﬂﬁ}%%tl 2020 ol|= 7|Abz A0 Fasle] LT 2H3lo]
Fagt Holgley, 202193 202292 AiAow FEY, AW 59 ¥ 7t
skt
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