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ABSTRACT

Korean cabbage cultivated in the highland regions of Gangwon Province is an important
crop, accounting for more than 90% of Korea's summer cabbage production. Recently, due
to climate change, the average temperature in Daegwallyeong from May to October has risen
by more than 1.5C compared to the 1990s. With high temperatures and heavy rainfall,
cultivation conditions have deteriorated due to physiological disorders and increased pests and
diseases, leading to a continuous decrease in highland cabbage cultivation area since 2000.
In addition, the spread of soil-borne diseases and cyst nematodes has caused a significant
decline in productivity, creating a pressing need for a continuous management system for stable
highland cabbage production. Linking with Gangwon Province’s policy to promote microbial
agent support projects due to the limitations of the effectiveness of existing soil amendment
support projects, we aimed to propose soil management methods for stable highland cabbage
production by using feedback from soil analysis as evaluation data for the project effect and
by researching techniques to improve nutrient excess and imbalance caused by the excessive
application of livestock manure compost. By cultivating cabbage from 2022 to 2025 using soil
amendments such as biochar and examining soil chemical properties and growth, it was
confirmed that continuous application of biochar could improve soil chemical properties and
enhance growth by 5-50%. Additionally, compared to conventional test plots, the incidence

rate was lower, suggesting that it could contribute to stable highland cabbage production.
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2519, §718L TyurinH o2, §-a9lAkS Lancaster 02, wsh 45, 44,
IM NHOAcZ &sto] ICP-OESE #4153t Ao} BeFAhs sdiel7l&

%, 201290 wet 2ASH9,
AF A R BAtol o2j0 vlal /13 ARS U Aot TBBAA BIEAHRNP.K)]

108H o4 ghElo] AU, E3], DAL} Q19] gFo] 15~208] oJAf B2 Ao YepHThIE 2). AAE
APFe X 3, o5 FE3MeE E 49 g}
H 2. EQUNE XIXHE HIE H2 &
25 T-N P,0s K,0 Ca0 MgO Si0, B,O; MnO
(%)
22 Hto|Rat 0.26 0.02 0.30 0.03 0.01 002 0009 0.000
HIO| 22+ 7S A & 420 0.39 154 0.96 0.33 0.01 0004  0.002
0|2 (Bacillus)A| 5.39 0.43 2.49 0.26 0.25 0.01 0.006  0.007
H 3. EQUHEAHE X2/
At22K(kg/10a
SEAPNN & %lka/102 He|A7| o 2
'22~'23 '24~'25
=AM 50|22} 100 100 HAH EYS5IAE]
=2 Hto|at 200 200
= fjHtolat 400 400
S HIO|RAH+7 IS AR 500 300
O|M=H|(Bacillus) 3 120
2 - -
B 4. A viS=xui SR
Al =] o]
g o &3 ((Q;J 03) M (_é. 03)
2022 7.4 9. 10.
E{&H e 616, 70x40cm 3 8
2024 6. 24. 9. 3.
e &g 4. 29. EOx40c 6. 26.
2025 e HHIIS 8. 11. 10. 1
Efut =4 7.9 70x40cm 9. 10.
(A" 3) D™XHHE oPHMALS 23t ST A5

BT AR

TUEYNBY A BE 4
% 59 g, Aed § EURA, FUHE
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H 5. HAIE HiFAE] X{2|LHE

AT 2 XML&
2023 S2HH0|Q2H(200kg/10a), BEIZE(0.3%)+Ar2| A 5mg/L) 23]
2024

ZAZA[H|+Z2HHI0| 22H200kg/10a)+EHEXZ(E L)

M

2025

3 Zn 2 &

<H|SME3fd]: DAX| HiFE EQNEN =3 Wt U X&ZIMsT ELEE Js WS>
(AIE 1) ELHER KIQARY STHE7}
T8 AN EFuBSAA AP BN RS BAT A A A2l A mosiehy

Pt W ol fadlie] A7|E Hot 3 FHIATHE 6).

E 6. NEH M| M EY stety EFE

ol pH EC {12 Ca K Mg QEOIM
- (1:5) (dS/m) (g/kg) (cmol™/kg) (mg/kg)
2022 6.7 1.8 33 9.8 15 23 812
2023 70 1.4 32 123 1.4 2.4 720
2024 6.7 1.1 37 8.6 1.2 1.8 681
2025 6.9 1.1 29 8.4 1.1 1.7 684
AL 6.0~7.0 <20 20~30 50~6.0 0.5~0.8 1.5~20 300~550
TR A2 A T 2ksied WA 7o) H15 Autk Zo] R gtako] A He] AETt ol

Aoz vt 33 Aoje] A Fejrt Rl /MR o] Bt Abgo] UutsiElo] gl
AL 1ot faQ4e] S7ks dEd 2 & 4= ik AAE AUE AAY aE B0 s7HER
Eo] Eshs ARe] F77} thsr] WEol Has] A9 AR Bl oA FFge mAEA
gsekelylole e ojee Rioltt,
B 7. HiE 48 3 EY sletd WP
oz pH EC 1= Ca K Mg [RQIM
- (1:5) (dS/m) (g/kg) (cmol™/kg) (mg/kg)
2023 7.1 1.7 33 11.7 1.3 2.2 697
2024 6.7 1.7 29 8.7 1.3 2.0 828
2025 6.9 0.9 29 8.4 1.3 2.0 862
HYHL 6.0~7.0 <20 20~30 50~6.0 0.5~0.8 15~2.0 300~550
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ZAFs7Ie] EUSIst B JEdE AAHE P2 AR 23 EQNEA AE] A 2ME 48 & AHEL
20239 31.3%1A 32.8%7F EAaL, 2024A0= Au A 33.9%, 22 58 T= 31.6%% RAE RO H
202599 31.7%NA 34.7%2 A HAE FFo|ct AR B4 FEH HHXEL ¥ 83 g}

L

E 8. A M2l Hit 2t=2 Mul = EYistY S5E AREE(%)

pH EC oM Ca K Mg P20s
TEHE AP 5
(1:5)  (dS/m)  (g/kg) (cmol*//kg) (mg/kg)
“ 48.6 17.6 473 75.7 82.4 446 64
2023 -
= 48.6 10.8 459 77 85.1 68.9 51.4
“ 322 89 433 700 67.8 26.7 65.6
oA 2024
= 333 20.0 40.0 66.6 833 36.7 80.0
5005 “ 43.1 153 444 68." 68.1 208 75.0
=3 278 9.7 40.3 61.1 75.0 319 778
A 14.9 0 21.6 16.2 8.1 29.7 10.8
2023 -
< 10.8 0 203 6.8 4. 95 311
“ 211 0 256 20.0 8.9 52.2 211
BZ 2024
2 189 0 289 17.8 5.6 411 6.7
“ 111 0 278 16.7 18.1 61.1 8.3
2025 -
= 16.7 0 236 236 1.1 54.2 4.2
“ 36.5 82.4 311 8.1 95 257 257
2023 -
= 40.5 89.2 338 16.2 10.8 216 17.6
“ 46.7 91.1 31.7 10.0 233 211 133
MY 2024
2 478 80.0 311 15.6 117 22.2 133
“ 458 84.7 278 153 139 18.1 16.7
2025 e
= 556 90.3 36.1 153 139 139 18.1
AHYE 6.0~7.0 <20  20~30 50~60 0508  1.5~20 300~550

(A1 2) ESHEN X222 1Y

ENEA B A A ZE Al o] EFRted9] #skel I ES 202290= Al A} H| w5t
ARH R ¥} 5ot on, 5] ney A o] FEZAA Eobia YHES nYEA
Ao A A UERth(E 8). 202340l= AIE A} Hlawste] Auf & & 89 o] HE Ao A
pH} #718&, 23 Zw Ffol 5ol e == & A7t gle Ao=E Yeigth 202293
27 =4 %Xﬂ Aol YEEo] g A+ Ho tha wof A aRE H7| ot
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ol S s pH EC oM Ca K Mg P.0s HHE
(1:5)  (dS/m)  (g/kg) (cmol/kg) (ma/kg) (%)

R 6.2 0.6 32 2.9 1.1 0.71 157 -

2 6.2 14 32 5.6 1.7 1.5 476 41

B.C.100 6.4 1.1 39 7.7 19 1.7 531 39

2022 B.C.200 6.1 2.4 43 9.5 1.7 2.1 383 36
B.C.400 6.2 1.6 39 75 1.2 1.6 241 38

BC+AE 5.8 35 34 73 1.7 2.0 375 39

Ol =A 6.4 2.1 34 7.2 2.0 19 555 31

W=k 6.5 0.32 27 55 1.1 13 366 -

23 7.0 0.22 32 6.5 1.2 1.6 334 253

B.C.100 7.0 0.22 32 6.8 1.2 1.6 340 248

2023 B.C.200 7.0 0.22 35 7.1 1.2 1.6 330 223
B.C.400 7.1 0.28 38 7.7 1.2 1.7 344 247

BC+AE 7.1 0.24 38 7.8 1.3 1.6 377 238

O =4 7.0 0.27 37 77 14 1.8 392 30.1

NIE=R 7.1 0.26 33 7.2 1.0 14 290 -

=y 6.2 0.86 31 6.3 1.2 1.4 359 12.3

B.C.100 6.3 0.80 32 6.5 1.3 1.5 388 8.8

2024 B.C.200 6.4 0.85 36 6.6 1.2 1.5 383 8.9
B.C.400 6.4 0.86 37 6.6 14 14 422 8.6

BCAAE 6.2 0.93 38 6.6 14 14 419 12.8

O[S4 6.2 0.85 32 6.3 1.1 14 404 8.8

R 6.6 0.62 39 6.7 1.2 1.3 520 -

2 6.6 0.34 40 6.5 0.83 1.2 519 600

B.C.100 6.5 0.54 36 6.5 0.95 1.3 501 325

2025 B.C.200 6.3 0.75 43 6.6 0.92 1.3 525 350
B.C.400 6.5 1.20 45 7.1 1.45 1.4 564 350

BC+AE 6.2 0.83 45 6.1 1.04 1.1 615 425

Ol =A 6.2 0.97 39 6.2 112 1.2 562 575

AHyH 6.0~70 <20 20~30 50~60 05~08 1.5~2.0 300~550
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EYAAEG AL A Uebga, 2025901 BAutol o3 el o] W So] thE HelLrrt A3
WA GBI 1), veloFt A8 el 77t ARt Aol thet wEol thE Rel7e] wjs) s
srobAl %S ek,

HAA AL 20259 S 271202 ARt A3 W7 Ao 2 8 & AN o R HRAdEo]

F7lstol /ARSI H5HE oL Reizt 2 Aol glglon], T 1 Bl to} J 7 Aol S
157] oJRSAkE 12).

(0|2 100] [Blolext 2000 [H0|Q4F 400]

(HIO| XIS H 2] (OIREERSD! [2HH)
T3 1. H2IXE M o dEAs(2025)

E 10. NE & EY 315HM(2025, HH)

N pH EC oM Ca K Mg P.0s  HUHE
(1:5)  (dS/m)  (g/kg) (cmal®/kg) (ma/kg) (%)
NI 7.1 1.07 28 9.7 157 19 1,021 -
- 1247 6.9 1.80 33 10.7 1.26 2.2 1,112 47
- 22| 7.0 0.52 33 8.3 0.98 1.3 1,100 2.0
1247 6.9 2.36 33 11.7 1.34 22 1,069 5.2
B.C.100
2217 | 7.0 0.48 35 8.6 1.03 1.4 1,111 40
127 6.9 1.60 34 11.0 133 2.1 1,134 5.0
B.C.200
2217 | 7.0 0.55 36 8.6 1.10 1.4 1,166 40
1247 7.0 1.65 33 11.1 1.35 2.1 1,107 75
B.C.400
22| 7.0 0.50 36 8.3 1.07 1.4 1,144 18
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pH EC OM Ca K Mg P.0s  HHE

He|# m
(1:5)  (dS/m)  (g/kg) (cmol™/kq) (ma/kg) (%)
1247 7.0 1.23 34 109 124 2.1 1,105 76
BCAAE
27| 7.0 0.54 36 8.2 112 1.4 1176 18
1247 7.0 1.39 33 10.7 1.30 2.0 1,073 5.1
O] =4
2247 | 6.8 152 35 87 1.08 16 1124 35
HYH 60~70 <20 20~30 50~60 05~08 1.5~20 300~550

3%9) EPNHAES 2022058 202571 A Helsti it ojES Aejstol LS TARE At Al
7F 4%0] 2 Ao} Holx|i= gigrort wh ulwsle] B v At AdeE BN M7 A %ol
ZOICHE 13). Hloloko] 49 2% B8 Tt B3o] o] B oy, Hlo|@xjel Al SaAAIt
nlEA] A9 A e Sstgott el wo] ol ke WA itk AR A8 WERS
FUsto] 2 vlolext AFHYA AHH WARAAe] ESL F & 9 Ao BrrETh 20254
27Kk WA ASoIAE B 14004 Bz ule} o] 3 o) e A ein SARE Au 48] Xol7h Qigich

E 1. WA 2o mME HAE BiE HS ] u(Ef4)

23 = S 15 M
oi (09 Ha

(@A 1l (cm) @ @R gF A

2 24.8 14.0 1,608 1,248 100

HFO|22F 100 24.8 13.2 1,575 1,276 102

) HIO|22F 200 24.9 142 1,592 1276 102
2022(13%}) -

HIO|Q22} 400 26.6 14.0 1,589 1,230 99

HIO| 2+ A2 27.2 14.2 1,759 1,307 105

0= 25.1 14.2 1,573 1,176 94

2 26.6 136 2,238 1,399 100

HFO|22F 100 27.2 14.4 2,588 1,539 110

) HFO|22F 200 26.5 13.8 2,413 1,469 105
2023(2134}) -

HIO|Q22} 400 26.3 142 2,518 1434 102

HIO| 2+ A2 26.4 13.7 2,378 1,399 100

O A=A 26.2 137 2,238 1,399 100

2 282 124 1913 1,143 100

HIO|22F 100 29.2 12,5 2,017 1,243 109

i HIO|R2} 200 29.6 13.8 2,213 1,307 114
2024(33%}) -

HIO|Q22} 400 28.1 13.1 2,067 1,193 104

HIO| 2+ A2 29.1 12.8 1,967 1,210 106

0= 29.0 127 2,097 1,183 103
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23 7= =3 7% G
01 (91X e
(&3 1l (cm) ) @R g A
2 214 12.8 2,118 1,079 100
HFO|R2F 100 26.7 14.4 3,073 1,788 166
3 HFO|22} 200 231 13.0 2,425 1,271 118
2025(4E32}) -
HIO|22} 400 25.1 14.4 2,964 1,690 157
HIO| b+ AHIE2 239 137 2,705 1,405 130
O M4 23.2 13.2 2,647 1,408 130
H 12. WA M2| H HiE MK H|1W (2025, HHE
X 2| Xty A7] T1(cm) #Z(m) F30/F)  FE0QF) BEE%)
e 1712 327 19.3 3,728 2,301 61.7
=< 27|12 309 13.4 2825 1614 56.9
) 17|32 320 19.0 3,767 2,223 59.0
S2{EH0|22F 100 |
27|13 304 135 2,601 1,421 54.7
) 1712 335 19.0 4221 2,458 58.2
ZE2{et0|2at 200
27|13 30.8 132 2,774 1,493 539
) 17|12 32.0 19.0 3,791 2,284 60.2
SFAHF0|2at 400
27|13 29.9 13.1 2,401 1,244 51.7
17|12 335 20.0 4,159 2,503 60.3
HIO| 227 S A & |
27|12k 31.0 14.3 2,791 1,533 55.0
1712 333 19.0 3,982 2,407 60.4
O M4
2713 30.7 18.0 2,768 1,467 53.0
(A" 3) D™XHHE oFFMALS QI3 SRR &5
A =0 =

H 13. Al -2 Edsiety s}

3202 Hefsiol 2kt 2

28 o= O

3) AAA

7} E9F] pH7t

o £ HlSwst RS & 4 ot

ol 2] pH EC 2712 Ca K Mg SBOIA
(1:5) (dS/m)  (g/kg) (cmol”/kg) (mg/kg)

A 6.3 023 25 5.7 10 13 183

2023 m 6.9 0.20 26 5.9 09 15 191
23t 6.3 0.25 29 6.2 11 15 213

A 5.8 0.19 27 44 06 10 253

2024 56 0.88 27 46 13 0.9 333
Z3 59 0.96 28 47 15 10 357
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pH EC 2= Ca K Mg Faolt

= Xe|
(1:5) (dS/m)  (g/kg) (cmol/kg) (mg/kg)
2 58 053 29 4.1 08 08 420
2025 o 58 046 31 43 0.7 10 549
23t 6.1 024 32 42 0.5 09 473
2 60~70 <20  20~30 50~60 0508 1520 300~550

2023958 20259714] 317t viE AuiAIES et 23 Aol A vlaLste] B5o] 2 Aolg
Holz] efkoLt At Adol] wt Aol fpstflon, IHER T W € 5 AATHE 14,
vto] it B3 oA EAFHES EHste Aol HHAR] wiFAe] =Fo] E Aer doHd.

i

E 14. M2|E v 4g £

Az PS =] L1 (cm) TEZ(cm) =30/F) +35/F) LHE(%)
= o 25.1 136 2,203 1,259 -
2023 —
R 255 14.0 2,273 1,294 -
2o 295 13.0 2,347 1,390 240
2024 —
Z3A2 296 136 2,437 1,450 211
2o 247 142 3,038 1617 15.0
2025 o
A2 269 142 3,286 1,943 100

(2 Si(Al 2023, 8t 2025)] [ESHH2| (A 2023, oF 2025)]

=
a3 2. B U FuMe v ot

1]

4. sYEEAAD 251



|4’—‘1 Ql

<M|SM|IBatx|: DX b= EAHEA =at ot A X|EZotstt ESEE Vs N>

7k 2022958 202597HA] YA A2 A S EFTYEAA AL AHAR] 2403 AR Ao
EGNHA ADARY tgA S| BEdsiede A5Al Al A wehd ol fraslite] AWl

i

o

=
i)
1o
Hrt
o?r
a
ox,
S
T
0_9_15
I
e
X
o
i
d,
:
filo
S
E;:L
e
i
i)
T
[o1)
A
i
_)\4_:4
o
=
i)
N
P
i
1ot
-{Oll
2

3

1

(Al 2) ESHEH X222t 1Y

7t EGNEA E EFSMEE 20229 Al A3t Hlote] AAF 0 R HSLT} 5ol on, 20239
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A3t vwste] HAPHAZ Wopgon, Aad A Qe P52 HAHoR 5o

. EAEte| &k Aejte] W] thE AHEtET dAs| WA UEgl, vholeat A& AZrt
Az7E Aol wet dEEo] thE A2l Hls] FAs] Wobx= A

ot EPHEA 35S A& Aot wiRE Auigt 23 ARt AGeE EQNFA A+ A
Aygo] 94, HolAt A 24zt FE #|HPHTE AY&o| 5~50% S+
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E 5 U Aoz Agd
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(A 3) TURIHHE OFMAS QIst BRIRY 45

7t %% Aol 299 pHrt AHEY
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