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ABSTRACT

The monitoring of soil physical properties is a field of agricultural environment change survey project, which
started in 2007, and is conducted in accordance with the Rural Development Administration’s notice
(2017-12) in Korea. This study aimed to evaluate the annual trends and changes based on the results of the soil
physical property survey in Gangwon, South Korea. The main soil series of the paddy soils surveyed in
Gangwon were Sacheon, Namgye, and Gangseo, which have a large area distribution of paddy soils in
Gangwon, and the main topographical characteristics were valleys/alluvial fan and river alluvium. The
plowing depth of the paddy soils in Gangwon was less than the appropriate depth of 20 cm, but it had been
continuously increased since 2015. The bulk density of the subsoil was found to be in the range of 1.46 to 1.57
Mg m™ during the survey period, exceeding the appropriate standard. The organic matter content showed an
increasing trend in both topsoil and subsoil, and the hardness of subsoil was lower than the appropriate
standard of 20 mm until 2015, but then greater than the appropriate standard in 2019 and 2023. The main soil
textures were sandy loam, loam and silt loam. The results of the physical characteristics of the paddy soil in
Gangwon showed that the plowing depth and organic matter content were increasing, but the bulk density and
hardness were deteriorating, implying that soil improvement was necessary to decrease the bulk density and
hardness.
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Distribution of soil texture of paddy soils in Gangwon State from 2007 to 2023.
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Introduction

ZFAEHA 5 A7 E Y 218 s detdy} @ e sold 84 H f714E 59 B - A
Yol TR HE 2 5 A5 S AHEAN R BrP 1 Aol et A hA] S FAER O S, SEE,
U8 5ol izt FHeEAL HEFRAE AAlsk Qlek

ZA=to] duksg 2] EFETd HEEAR=20079 =EF, 2008 AR £ ZF2} 180210l thalix] Z=AL
EAASHRC™, 2009'F FEl= 1=, AVAAER], S thd o 2 43 7|2 JaE|glom, sE3X8H, 74
7 9 S| E T Yo B50 2 BEREEA ZANS AAISHATH (NAS, 2021).

54 3

ESETdE A e A, Rt e ol F 9 B8, 5719] S50 TolshH, EoFe] sfelA], =4 &
Ao FF Fo] EFS] A-S Frloh=t] 523 93-S St} (Schoenholtz et al., 2000; Dexter, 2004; Oliver et al.,
2013; Obade and Lal, 2016; Amorim et al., 2020; Joshi and Garkoti, 2023). T2}tA], o] & |42 0 & ZALSIAL, AR
St A2 TS FAIKL 2157 Fsd & Tkt E s, w4 ] B A 30| shubEA] 28 4= Al

U] EFET A9 1968 E714] 13710] A7 HAEQl oW, o] F £zt SARS Qo BA, A&, 7
2 9 ESATE SoY5I N, the o & o 9 22 Hofo] EQRR:, 57| D vl gt A7 4=}l
1990 0] o] F HEE HIRSo] 18 134 SAtE Ak 215 5 A S RS Q18 71 el Fskar 9l
o} (Jo et al. 2009). 1999 F5E FHFEHEZAF ALl A=A, 2007 H5E= Piks7d 2ol thet EFEwA
ZAPE 2R AA EGFE TS 1A A E 57 A] AR E Q1R A RTe] tigk At X9 =| AT Cho
etal. (2012)<>2008 - 2011 d7FA] 1=, &, I}, AdAe)R] o] ESFEe)d B7HE Fof FAlol8ol et ESEEAd
o] Zab-& H 115131, Cho et al. (2018)-22009 - 201 7H7HA] &, T, ==& tA}0 2 BEFEd|EAS HAlslo]
E=uld ¥ 8 291& ESRTIER Bk, = EYelA f71E wele] A2 7ol B asiar B
TSHITE. Hur et al. (2023)2 2007 - 2019870 =EFS 485712 EFEDSS 5T ZAREASI] =B &
=540 Hsle el tisl s 717 59 T o= Zlofdol7t 7bsaiA AHEA ] S7Istel o, tiads71Al
O ARGO & Qlof A AL L of ke kx| 1 gl o m, A Eub 9 A&4 frlE FY& 5ol A lEdd e 57t
AZIHA -8R et A S T deke 5o EVIRFe] DRt A o0& FrislGint. ol2fgt B s 544 ESF
O] 2|&4 WS Foll M5 A4S HESI EEH A=A 258 BUE RS 5242 HYER L 9k

5784 BEdEEldell thet 2 W8 o2 thietil=r A of] it ti 29l 852 Tax= o] %]

ftlo olN

2007'F5E] 4
30 =51 A7 HE AL AT IS 245

= 370

T- 1
Slel 27} 2AKE eIk, A UA S AL 0] Wan] g 9 EoRE RS Tejsiel Agsieltt. =, t=o]
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a1/go] A9]%0], 20239 AR ZFAEEAA & 1841 T 13415, 4021301 1T (Table 1).

Table 1. Number of monitoring point for paddy field in Gangwon State.

Study year 2007 2011 2012 2015 2019 2023
Total 9 30 30
Chuncheon - 2 2
Wonju - 5 3
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EANZ| L MRS E] SRAE AL 711 chdo] Hlof S 38 wjstel £ 10elA
ANsHe 9ol Efo] A7) ehe Al7le] 241 514

thesl 39 Foll Ao H, Eeh Wl o), 42t L
o} ZA} 2 A BAE YA Ao 7 mEElo] gl Qo= AL Ao Y1 A2y} 22 Afo]o] EORS 7|07 §
], S EdHerde] “s4 A EdEeld AR 924 (NAS, 2022) 0f] Esto] AAlske

ZARE s R| o] 4 W GPS FE FRE ok, AEA] (BHE 7o), plowing depth), 74X (hardness),
ST (bulk density), -7-7 = = (organic matter), EAJ (soil texture) 5 ST 4 2 A4 ZALS}
At A EHO A ZEAZIA]E HE (topsoil), ZHEA] ©]5HE A E (subsoil) 2 201510 ™, ZHEAlL £%to]

15 cm, 2] 60 cm, 7] 1.2 cm, 95 Z20]2 cm«] HHES Ao e s =5S H Hol o ol o7 A

= A7 vERdeh Ak = EEE} 574] (DIK-5553, DAIKI, Japan)Z ©]-83}0] 103] ¥H =45}

o™, 20190l = HES S7ds100e A T=100 cm® ZojE 38R 0 2 A7 2 Aste] 2451k E
A2 HISAR (hydrometer method)QE EEH (sand), A E (silt), FE (clay) ] TS :rLOH EAMATE I (textural
triangle)l] 2-8510] 7161 0, EQF G7]E -2 Tyurin ¥ 0.2 B4519 ), EYEe|EA B4 = 5dst

9494 “FAA EFEEY AR 2 AR (NAS, 2022) o) =5t AAJstl o, 4715 @E*% ‘B AEA
H (NIAST, 2000) ]l <=5 E-A45199ck

ZMXH ES= $EXR DAV O] Tt e EYToM YRS 21D 4= 3o, o= A
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A19] BN R B4 1Y 5 ek APE 2AAEE] EFTR R 28 EPEHL EUPE EY (S,

Results and Discussion

ZMXE BH 88 EYS=E AES BHERARE 710 R skl Qlrk. 2719 AR 2571 A&
o118y} A Az A7) =] 2007 A3 2011130l ARl 21017 QT 201282 ZAF Ao Eetebd
FARE ez 51, 7Fs 20118 = ohE A3e AR & AAs7ofl, Sdet A1Fel AR 90%
] Zpo]7k EAFYCE. 0], 20153220117 20121 FARAF FollA A7sted, 20128 tiH] 21213 0] 371+
t}. 20154 $75H AR L] HE-2 50.0% At 20199220153 ZFEet Febsl 214 HlE-2 12.5% %10, 2023
W2 201913} FEbd ZARE-L 15.0% AT (Table 2). 02|t ZAA|H ] W) Avbe 5744 M RALE SUt
Aol A&s1717F 7] b2 BEgstal itk AR O] ¥17 9l o 2 MASHAY, Hix], k=2 5079

AE7 S TRt EAslet @ Hete R E fEfstal qlrt.

Table 2. Change ratio of monitoring point for paddy field in Gangwon State.

. . Year
Classification
2007 2011 2012 2015 2019 2023
Number of points 9 30 30 42 40 40
Number of changed points - 30 27 21 5 6
Change ratio (%) - 100.0 90.0 50.0 12.5 15.0

O

—_

I H[E0]2.0% oVl B2 ARET, BAIF, A1E T 5 157 EE0]9.2H (Table 3), o[ 52] HE HIE
ZAIA 2] 89.0%5 Ao, U A] 117] EFE0] 11.0%S 2HAJ5kdct. ol2gh Rt o5 157) EEol 7
2|9 W2 2] 60.5%S AR 5H= SEH EAANR (KISI, 2024) 2] AR TE=28.5%7 1 50, ESFZAPA HA R

7HE2 AREE, BAIE, TS, IS 5 A G0 Fa% EYES B ERISHL Qlo] AR Ed S & 4 it

[e]
(e}

i

Table 3. Distribution ratio of major soil series with greater than 2%.

Order Soil series Ratio Order Soil series Ratio Order Soil series Ratio
1 Sachon 19.9% 6 Jisan 6.3% 11 Yongho 3.7%
2 Namgye 9.4% 7 Maegog 4.7% 12 Haggog 3.7%
3 Gangseo 8.9% 8 Dongsong 3.7% 13 Seogcheon 2.6%
4 Gocheon 7.9% 9 Oggye 3.7% 14 Gacheon 2.1%
5 Paju 6.8% 10 Yongji 3.7% 15 Ogcheon 2.1%

ZMXE XY B2EY ARl BRIl Qs A2 FAAVEA] 45.5%, SHIHRA] 36.6%, U7

Het2] 12%, AFSAHARA] 3.7%, SAHA] 1.6%, SHole/dHe2] 0.5%3ATt (Table 4). T=TEFEA (ASL, 1992)2]
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ZFAA AL Am R A 7R AR 7T 58.3%, HEFR|7F29.5% 2 AA| HA Q] 87.8%E 2}A|5k1L Q=) =04
olE0] F83 A PFUS & 4= AT Hur et al. (2023)0f| T2 H, =2 F1A]/A 3] 0f 41.1%, SHIHEA] 32.4%
2 A=k 51|, o= =S Ak e 2 oF B Avte H A Aol thA 2ol QLo HISRh HdS

Table 4. Number and distribution ratio in terms of topography.

T h Valley/ Mountain Fluvio-marine Lava River Diluvial
opography Alluvial fan foot deposit terrace alluvium deposit

Number 87 7 1 23 70 3

(distribution, %) (45.5) 3.7 (0.5) (12.0) (36.6) (1.6)

g EAED| EM = HEAH H-22007H0 19.2 cm, 2011H] 11.3 em, 20121 19.3 cm, 20151
o]l 16.1 cm, 20199]| 18.7 cm, 20239°1| 19.1 cm =, 20077} 2012F-2 A|JstH H2} S7Fh= S Uehf
Ut (Fig. 1). |23t A= Hur et al. (2023) 2] A=t At 2be Bl ke Uetil= Z0]™, oli=Kang et al.
(1999)°] Hargt 417 9 A E mpfjof] ofsf Ee]/do] 7T o] 771=, it B Ze] oFde S7 = 23t geio] 8l
1, i3 F71A19] Hol mhE Zoldol7t 7Fs iR Wt (Cho et al., 2018) 91 2.0 & et

25.0
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Fig. 1. Change in plowing depth from 2007 to 2023.

7219 FEO] AL AU L= 2007d0] 1.30 Mg m™, 2011d9]] 1.38 Mg m™, 2012d9]| 1.31 Mg m™, 20159
1.30 Mgm™, 201910 1.25 Mg m>, 2023 d0] 1.25 Mg m™> 2 & ZAFE] It 20118-S A QJ6hA 2|42 0 7 234
A6kl 910, Hur et al. (2023)2] 2=t tiAF AF2.ob e -2 73RS YRSt A ES] -84 Uk =2007d0f 1.46
Mg m?, 2011 1.57 Mg m?, 2012d°]| 1.56 Mg m>, 2015d°]| 1.56 Mg m>, 2019d°]| 1.58 Mg m>, 2023d°]|
1.55 Mg m” 2 & Hsl= Kol 99kt (Fig. 2). 5% AHd7t 54 275 2] AejzA 9 B TAoA] -84
0] 2 A 7]Z0] ARk EQkS 1.5 Mg mP K}t 2lotoFsli=t], 2011 23714 & 1671471, 2012 28714 Z 21
7R47F, 2015 32704 F 2470471, 2019'E 29704 - 2370471, 2023 32704 5 87147} 7|52 2 }s1l.om,
A)9FA E9FS 1.4 Mg mP R} Zolof 51=d] 20073-2 97145 671471, 20118 7714 5 771471, 2012 2714
Z 170471, 2015 10714 971471, 20199 11714 5 97147}, 20234 8714 5 67147} 7158 5 Hct



398 = Korean Journal of Soil Science and Fertilizer Vol. 57, No. 4, 2024

~200  OTS mSS
'E 146 1.57
ap 1.50 130 1.38
2
£ 1.00
]
=
-4
o 0.50
=
=
£ 0.00
2007 2011

1.56
1.31

2012

1.56
1.30

2015

Survey Year

1.58
1.25

2019

1.55
1.25

2023

Fig. 2. Change in bulk density from 2007 to 2023 (TS: topsoil, SS: subsoil).
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Fig. 3. Distribution change in bulk density from 2007 to 2023 (TS: topsoil, SS: subsoil).
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F71E2 @A X3 A AL wstel dageh wRo] glo], 2011dRE EA6E] AlRtstoint. 7d x| <o)
=B BE f7]E T 2011H0] 22.8 gkg™, 201219 20.2 g kg, 201501 21.3 gkg™, 2019 25.9
g kg'o]3lti 2023 'A0]] 25.8 g kg 02 FVIEGITE AE 5718 22011 19.3 gkg', 2012 13.1 g kg,
2015 17.4 g kg, 20191 18.0 gkg '0IeH7F 2023 22.5 g kg' 0 2 Z7I51t}E EELFAHE RHF 2012 744
SIRH7} o] % 2524 0 & F7lshE el (Fig. 4). AES] 1712 o H2k= Kwak et al. (2024) ] HH A<
HME 7713 o Holeh Histh Bk LI

30.0 oTs mss 25.9 25.8
25.0 22-819 , 202 313 22.5
20.0 = 17.4 18.0

15.0 13.1
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Fig. 4. Change in soil organic matter (SOM) from 2007 to 2023 (TS: topsoil, SS: subsoil).
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13.1 mm, A& 18.6 mm, 2015 FE 10.3 mm, 2/E 16.4 mm, 20193 A& 20.8 mm, 18] 1772023\ HE 17.8 mm,
AE 22.0 mm ©]3tt (Fig. 5). 20173 A 54 AHd 59 5 9] AezAt 9 7172 Ao w2019
O| B E Ik A== ZAFHA] ot oh, 21421 B E 7 o] HUEF-S $lote] 2023 AR E = HES] L ThA]
ZAFolGATt. A €] 7120 mEEH A E Q] L A7 7]5£0] 20 mm ooto] B2 ZF U] =E ] 74 E4=20157}
A= Aot A Mo, 2019\ o %= F7Foto] A% H9] Kk =3Ith o= Hur et al. (2023)9] M= =E
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Fig. 5. Change of average hardness by survey year (TS: topsoil, SS: subsoil).
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| AL, Z12157 202330 AE RS 2012E 90 AFFES] HlE©] 70%C V02 Wb, 20158 ZARAIH AA &
go] =it XA}Z}EOM EA U @ARS S EORE (ASI, 1992)04 =EoFe] BE EAY B WAzg 9}
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Fig. 6. Distribution of soil texture of paddy soils in Gangwon State from 2007 to 2023.
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Conclusions
EFEA HETAR= 508 W5 FA A1) jF Rokg 2007 E R E A|ZFEQl o, «(9F) e o dwd
0] Q)& o =25 0] ﬂ*l (2017-123'2) AU} 5 5hg o] e AL 2 W ]E o et =] Q)

AX
o 2 S0 BN YRR UEA TS R A 011 00 PYE WL A
o
=

U ZANS = B 78 B2 YA Y =B B Z0 E2 ARET, JAIE, FAEe1 e,
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F8 A9 F2 TR AVEA o WA o] = 2511 QI3let. EgET] 54 WekE B, A Y = B
ZYEALS A 710] 20 ¢cm B]FHO]Q) 0L, 2015 o] F 2|&A 0 2 Zlojz]| 11 §l= Ajolgl o AES] AL
£ XA Wol 1.46 - 1.57 Mgm™ o] 912 A 7152 o Zafshs 2o 2 Uit f718 e B
EOMAE B F7Ioks A aks Heiglom, AE ] Ake=2015E712] 27 71591 20 mm Rk Wetont, 2019
Wk 2023'0]) 27 7|10} ol Ak, B4 R AAH R 107] EA40] ZAIILOM, T2 EAS AR,
OF& AEXOFER} E91A o7 B ol 7FAA Y = EoFo] ET|HEAL AEAY GV E ke ZU)5kal 9lo
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