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ABSTRACT

The monitoring of soil physical properties of paddy fields is to be conducted in accordance with the notifi-
cation (No. 2017-12) of the Rural Development Administration of Korea. The monitoring began in 2007 and
was also monitored in 2011, 2012, 2015, and 2019. This study was conducted to evaluate the trends of these
monitoring results by year. The main soil series of the paddy soils monitored were centered on soils such as
Jisan-series, which had a large area distribution, and the topography was mainly distributed in valley/alluvial
fan and flat areas like as river alluvium. In addition, most of the soil texture consisted of sandy loam, loam,
and silt loam. The bulk density of the paddy subsoil and plowing depth have been showing an increasing trend
until 2019 from 2007. The plowing depth is less than 20 cm, which is the standard for determining appropriate
soil depth, but in 2019, it was 19.3 cm, approaching the appropriate standard. The distribution ratio of bulk
density of subsoil exceeding the standards notified by the Rural Development Administration had been excee-
ding 80% since 2012. Soil organic matter content in paddy fields tended to increase in both topsoil and subsoil.
The hardness of subsoil exceeded 20 mm which is the appropriate standard for paddy soil, except in 2019. As
aresult, it is believed that the plowing depth is increased by the introduction of large agricultural machinery,
etc., making it possible to plow the soil deeper. However, the introduction of large agricultural machinery
deteriorates the bulk density and hardness of the soil, so it is necessary to spread soil improvement methods
such as subsoil crushing. It was also assessed that soil improvement, such as lowering the bulk density by
increasing the organic matter content through continuous input of organic matter into the soil, was necessary.
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Introduction

1 EQFAAA L AeRS n]A Eofo] A8 Brlehat] £ a3t 93kS St} (Schoenholtz et al., 2000; Oliver et al.,
2013; Obade and Lal, 2016; Amorim et al., 2020; Zhao et al., 2022; Joshi and Garkoti, 2023). T=}A], 0|5 A&
02 A EE= 2L FAMIE AL 21475 d-S o=t kgl H, B7HA| 0] shizA 283
Ak

SEuEtE a1t GRksd ] EGETA HERAE ol = 1A ] A 9 EE] B4 Sl iRt A
T-= 55l B7HA 3= F6l St Han et al. (2009)-> thi EY 5484 28 2 297 ESS 64414 ZARE T
E71A ARS darol| W AFRES FA10] Stk Aele i e ke A4S HAISHITE Cho et al. (2012)52008 - 2011
W72 =, W, A, AVAAERR] Y] EFETd B7FE 5ol ARlol 8ol met EfEe o] SeilE B syl
Cho etal. (2018)<2009 - 2017712, =g, =5 0 2 EFEREAS EAloto] EEa)d Ul 8
g QRS EYR7IER B, = EYolld frledelet 42 7ol Fasittal Hsiglh o AE2 &
742 EGO A&A IS Foll M d2-S BUE - dao|w, 2R ] of g EE0to 24 X&A B
B &9l Fa4S Uehiar itk

wabA, E ALE 1ol T 1A 114 (2017-12) 5 2A 2 So] SR = M E I 5 EFE
2]/dell ol 2007356 201918712 5H19] 1= E<Fe] E2]4 B4 HUEE A5 AHE 1, AkE F0]9} 71 #5}

P B SFA S,

=

Materials and Methods

HEEY fefuetel s og Ratsk= B2 algsto] 37], 49, 55, 59, U5, A, 35, Fd 4
A] 20 - 507 el 282 A7datSIct. 2000 o] F A4 712 5 715

stald 297 ZARAIA (2,110213/9) FollA skl o,
= A= AAsISInh A0l 87 AW, =27 A7 A5 o= A HETT
T U5 o, MRS AT IHE OJRlE Fall Qo] 22 B s 7 EA
B = 51T 2AR=2007E5E] 48 712 2011, 2015, 201910 ZAFS AAE199.0H, 20122 EFE
FEA AN E S-S S1A] G AR e WE 7 A7 AV AR Eks ZAKhE B¢ =
F71= 3 H o] ZASHA| B QI AR O Tl B 1,228 23] 0] )iTt (Table 1). A= 3] &,
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Table 1. Number of monitoring points for paddy field by survey year.

Study year Kyung-gi Kang-won Chung-buk Chung-nam Cheon-buk Cheon-nam Kyung-buk Kyung-nam Total

2019 40 40 40 40 40 40 40 40 320
2015 40 42 40 48 40 40 40 48 338
2012 30 30 30 52 30 30 30 - 232
2011 30 30 30 50 30 30 30 - 230
2007 12 9 6 12 21 6 27 15 108
Total 152 151 146 202 161 146 167 103 1,228

EAAIZ| W ABRE =] SEAEE B 71 o] Hlof Qi 38 wste] £4- 5 109l
TRe8 39 ol AATBHG=T), Teh el o), 43k 5 ANSH Aol Ege] ] ¢ ENE

o, 2 AR A SR 2o mEEo] LS A9l AL o] U3 A2 A Afo]o] EG TEo 2
o, S ATHS10] 57X EARZElY AR W 2N (NAS, 2022) o] £510] AAlsHAC

o3

ZMNEE OV 57429 T4 9 GPS #E YHE sk, AEA (BT 2], plowing depth), 75 (hard-
ness), A-82UE (bulk density), EY 7= ?}Ek (soil organic matter), £/ (soil texture) 5 53== 4 U A&
Aof| A ZARLE. X EHOA ZHEAIZEA S HE (topsoil), ZHEA] O]512S 4 E (subsoil) 2 725130 ™, ZHEAlS
&340l 15 em, 20160 cm, 771 1.2 em, 95 40] 2 cm @] HRG-& Ao ARk 2§10 = JlFo] 57l
Fo] Eo7tt7t B oV Eo171A] e AR7IAIE UL 7 E+=2019d o d o= BEFHES B, 20191
| S0l = A ERES tAo 2 AT A (DIK-5553, DAIKI, Japan)ZS ©|-&3] 105H=E5}0] ZA30ch A-8-2d =100
cm’ Fo1E 3HE 0 2 A7 & AF5te] 31t EAL HISAW (hydrometer method)_i 27 (sand), AE
(sﬂt), HE (clay)2] eH2 :[LOH EAME R (textural triangle)°| 2-8-5)| 76} 0™, EQF ]E oS Tyurint
VA5 BT EA A8 8ol o] s x] EQRE T ZAMNH 9 BAH (NAS, 2022) 9]
%5}04 AABIF e, 7= %‘E*—S—‘ ‘2} 2 ALEA] AT (NIAST, 2000)° of oo 24 6} Act.
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Results and Discussion

ZMXE 3 EM EYET AR ZHXAE 71502 ofal qlrh 2719] ZARAEL 257] AR}
(20119)2} 3HA Aj2o] A o] =]317]of], 200783} 201 1H0f| ZAA] e 2017 k. 201288 FAFEHA]

sleld AR S o 2 o1 2011 3= TR A1 82 XAk 2 472 519710, FE e A <o) 2A]TH90%
O] 2pol7F ZAFE. ©1F 201512 2011187 20128 AR FolA A5 2™, 1062130 71 e

]1

[¢]

o1
0] 4875} THE A1) sgAHolek. ol5S Alelsh WAE FAHL] ML 21.9%ek. 201998
201518 22 2h e G ZABIA.OR, WA HSL 17.5%SH Table 2). ol 2ieh ATHe W 2412 FUH
AN A31717h 417 9he-2 WHgakaL lom, 1 e W - AIAMIAR HA T, 2t He
5 ChJRt EXjol.§ Wale} st Eiel el ol
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Table 2. Change rate and number of sites changed among monitoring sites by survey year.

. . Survey Year
Classification
2007 2011 2012 2015 2019
Number of points 108 230 232 338 320
Number of changed points - 227 209 74 56
Change rate (%) - 98.7 90.0 21.9 17.5

o] 1% oA £ AKES, 7S, 155 5 2470 EQFEOIZLOM (Table 3), 0] 50] Hatn|go
A 74968 Ao o} 797) S5 2642 Aol fef- s ol E5gel 1 Wl st
Aahe FHEREA (ASL, 1992)0] AR 9%7} o], EEARIA AR £& AULE, AR, U7

5 845 5 70T EPSS BF B5ekn ol fAR AFUL L 4 Uk

AR EUS BREY = = 24 54 mUHY RS B 1037)0] o R4 2 ulg
Fo- A X 1
]_

Table 3. Distribution rate of soil series with more than 1% occupancy.

Order Soil series Rate (%) | Order Soil series Rate (%) | Order Soil series Rate (%)
1 Jisan 9.20 9 Gocheon 2.77 17 Gwang hwal 1.87
2 Seokcheon 8.14 10 Pyungtaek 2.77 18 Gacheon 1.79
3 Sachon 7.57 11 Deokpyung 2.52 19 Hampyung 1.71
4 Gangseo 432 12 Sinheung 2.52 20 Maegok 1.55
5 Hwadong 423 13 Yecheon 2.28 21 Gyuam 1.30
6 Mankyung 3.50 14 Hamchang 2.28 22 Paju 1.22
7 Yongji 3.09 15 Namgye 2.20 23 Chilgok 1.14
8 Okcheon 2.93 16 Cheonbuk 2.04 24 Yanggok 1.06

ZMXE X 2EEY FARHO] RESIAL Qlis A7 T/ A4S A] 41.1%, SHIERA] 32.4%, o dE
EH2] 13.9%, A HNA] 7.6%, AFSHARA] 2.3%, SF HEA] 1.9%, 1541 0.4%, 1LYA|L}F A7 242F 0.2% %
T} (Table 4). SF=EYEA (ASI, 1992)0l4 = TZHR/AVEA 71 51.3%, BEA|7H41.3%2 AAHA ] 92.6%E 2t
Akl Qled], 2 AR ZARH T M)AV A], shd 2 Sl d WER]7| 2R loh WA o] 87.4% 24 =ollA=

olE0] FaRH AP US & 4= U, Cho et al. (2012)0f| TEH, =2 IE2)/ 41 F=] 0] 48%, oHd 2 3H*é %T;Z_}Z]Oﬂ
43%7} AT SH=H], o= 201113 0] 242 = = A B3} 3.7%2] 2|7 UA[RE 71 0] FUt ke
HojEr,

Table 4. Number occupied by topography to total number of monitoring sites.

Valley/ . . Fluvio- o
Topography  High-land  Alluvial Hilly Mountain Mountain Lava Rlv.e i marine D11uv1.al
foot terrace  alluvium ) deposit
fan deposit
Number 2 504 5 28 3 23 398 170 93

occupied (%) (0.2) (AL.1) (0.4) 2.3) (0.2) (1.9) (324) (139 (7.6)
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e EUEE| §d =9 HEA F-22007d) 16.5 cm, 2011F0] 17.5 cm, 2012'A°]] 17.6 cm, 2015
°[16.7 cm, 201901 19.3 cmZ 20153 A 2Jo}A 2} 57 oh= A S LFERHAL STt (Fig. 1). =47 DA E
upfle] oJsf| Ee]/do] ZiF =] 7718, 24 H 7H = 57 (Kang et al., 1999)%= 23 o] @11, 2|
+ H3 F71APHEEstal go] HE = o] (Cho etal., 2018) Zlo] Zol7} 7Fsaii] tzdl & o AT E4o]
T 5 T 2HE 0 o] AAsAL (Jung et al., 2015), 1980t THEHO] 2HEA] 7]20] 18 em o141 A (Jo
etal., 1986)7 <5 Y ALt 5 23] He|zAl 9 Br7E7IE A9 ZHEA] 27 71550] 20 cm oVd] A& A

™
SPH 2[4 0 7 2FEA4S Tdshe Zlo] E st

25

ZO-T[IT
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Fig. 1. Change of plowing depth by survey year.

HEO] AGAULEE=2007E0] 1.33 Mg m™, 20119 1.22 Mg m™, 2012199 1.28 Mg m™, 20151 1.26 Mg
m~, 2019°] 1.24 Mg m>& YERTE 2011'd-S AlQJsPH 2|&24.0 2 2734 746t Qs AES Hojwrt A
E O] AgAW L= 200730 1.39 Mg m™, 201119} 1.47 Mg m™, 2012°]| 1.54 Mg m™, 201591 1.52 Mg m™,
201999] 1.52 Mg m™ 24 2|44 0 &2 Z7}ol= RS et (Fig. 2). <5 At 59 e o) dejzAt 4 3
7712 AAollA Z-8A o] 2 7)ol AP ERS 1.5 Mg m™, A9 EF2 1.4 Mg m™ Er} Zolof ol=
o] 2011 o] F HES] Bt AEAUETT BT o] 715E H713L itk of= 5714 A4 (FE) S71ol i Auks
719 7t (Han et al., 2009) 2 52 H7=S 9ol =ollA] 73-22r& Aol E-dHlelA = =82 ol
ZrS o 2 A A E S AL AL 7} Z71590tH= (Yang et al., 2005; Cho et al., 2018) G-Axle} v #ag] Bxr}
BERFN =& 2H2] A7 o B2 8, A E FZoe= 7322k A2l77t B 2ttt (Shin et al., 1996;
Yang et al., 2005)= H 11553l 71 YRS ol 4= QUrt. Kim et al. (2001)2 AHEIM] Fo o= HEC ES)
S NS 2 10 - 20% BEE SHAIZ O H, HE o] o5t EGTH 7S £714] AEaa7} 7P
BI7FEUTH(Ok et al., 2021). WA, o] 2F -2 W& Fofl 2FE 8ol e T+ AU EE 7Adsk= 2]
Z s}t
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Fig. 2. Change of average bulk density by survey year (TS: topsoil, SS: subsoil).

AEAUE E44& AAI5] Hrlsh] ol A E s AuE T (Fig. 3). AU = EF A ES] 2474
1.4 Mg m” Bt} 2 gES Holi= vlg0] 20070l HE}F HEANA 2+ 56.1%, 62.0%, 201 1d0ll= HE 18.7%, A
& 70.4%, 2012001 = HE 15.5%, A& 91%, 2015H0= & 11.8%, A& 81.4%, 20190 = HE 13.4%, HE
82.2%5 HolF0l Qv HE= AA5k= ol AT, AE= 2012 o]Fol= 80% oVd= LEHIAL Qlof /dws]
oFetE] 11 Gl RIS = Qlrk. of2fet HES] M8 AT Z7h= ol At A H o 5714 54 2 ARE-
A5 (FH) ) 571 & 2EE] B o| YRS 2ok Ao et 5o & qlof ' WASkal 14T (Cho et al.,
2018), Tt A-8A = thF e il e 2EA850] kS 1|2 22 (Jung and Lim, 1989) 44715 @
o A= vl R57] fIolA] 2&524Q1 Et] 7t o] o] x{of gt

F7e2 AT X0 A8 D e Hetel dgs o] Itk (Soane, 1990; Dexter, 2004; Dexter et al., 2005).
T187]0f| EGEEY HEZAIAE o F Brtshe Zlo] ROy FARE A AIRRF2007doll= 1A Eskal,
257191201 1A E] B4517] A2HLt = B9k HE G7]E ke 201199 23.5 gkg !, 2012191 23.9 gkg™!,
201539 23.5 gkg'o]1tt7F2019W )| 25.2 gkg ! © 2 Z71EQILE AR 7= Sk 20119 17.5 gkg ™, 2012
15.1 gkg',20159 15.8 gkg'|0cH7120191 17.2 gkg ! 0 & F71619LE HEE ST SH= o)1, A E= 714
SR} kAl Z7Fe ke doltt (Fig. 4). 2008 - 20111E7F4] 1=, g, W9, AVdAelz] EF B2l Holofl A f7]E
ol =& AEANA oA SAU =T} 7 WOk, 71 bl W ol ATt B3tk B E
(Choetal., 2012) 7RISHH, = B RESIHE H-8AU T {7]E 5ot & Aol 3l ol = itk &
EO 7= g 57H=1999 - 2011 A712] 9] 1= E<F 3feHd Ri-gxAtelA 2719 o) o] f7la T vle&el &
7¥ok= (Kang et al., 2012) At -FARR HUEE o114 G718 Fdwo] 2ANR] 7ol 57141 A E
Q3707 ket
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Fig. 3. Distribution change of bulk density by survey year (TS: topsoil, SS: subsoil).
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Fig. 4. Change of average soil organic matter (SOM) by survey year (TS: topsoil, SS: subsoil).
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HEO AEE=2007H 9.6 mm, 2011 15.3 mm, 2012\ 14.3 mmE R o1 1=H], 2007 A==

A5 A2kt = SO U A 7] o] AR o] QISE AxtE Holw, 2019d-2 HE O] A A= %*ﬁ =25
712 sto] A=t glek 2011 E5E 20158712 FE O] =7} 14 - 15 mmoiA] 2-20] Fie] #-Zof] 2)7do] §l= 2
e Bk AEQ] Ae=2007 21.1 mm, 2011 20.3 mm, 2012 21.2 mm, 2015 20.9 mm, 201919 19.4
mm=E HEPHLTH (Fig. 5). 5 At 5 239 el A2 77| TAoflA] = EG A ES] = 214 71|
20 mm ©[slo| B & P2 0 21=2019'F-3 A|JoPH B AA7 % §9] violl EA6HH, BEHARE AR 2019
AL 7kA] I 2 9] whof] Qlot. TR Jo etal. (1977)-2 & ESFollA] 7= 24 mm oPFolA= 22 Ba] Whgo] £
2] o v g BLestAL sl EGE REHA slirolok il 51lEH], = EYlAE Zlo] Zolut A Entay
50 AEof thet 7| ezo] AjjtE]ojof sh, o]2Rt A= -2k o] Aufe} wio] o} itk

>.,
L
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. TS
 —
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Fig. 5. Change of average hardness by survey year (TS: topsoil, SS: subsoil).
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100 4 Subsoil
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Fig. 6. Distribution by soil texture during monitoring for soil physical properties.
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Fig. 7. Distribution ratio of soil texture by survey year (TS: topsail, SS: subsoil). S (sand), LS (loamy sand), SL (sandy loam),
L (loam), Sil (silty loam), Si (silt), SiCL (silty clay loam), SCL (sandy clay loam), CL (clay loam), SiC (silty clay), SC (sandy clay),
C(clay).

Conclusions

EEdd He A P50l dw o] S T 5271854 0] AT (2017-12%) 0] w2007 H-5E A
2=, 2011, 2012%_, 2015, 2019 9]] AP} E|QI 2 A= o2t ZAPATE Higfo 2 e =
ol A E Y T HAFPES Hrtotat Aottt ZANNY = B F8 EQFES WA RIS 2 gt
Lo ERS FA 07 Fof 01‘211, A FEAL JHR) A dA] W e o] =2 Baxstal QI EAI-L ARFE, ¢F
E,AHEHYS 7H41‘:' B3 A =], o= e EGEAT ul&2] Alol= AR AR 7o ) =0 AE At
MES g =2007d o] 2 2019E7HA] F7 o= AR HERH AL Q= FEAS EQF A7 7o o] Tt

o
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7122120 cm BT} 201982 19.3 cmE HA 7|50l 286k 9tk A B M8 AU L L =228 0] 71A]7]
& Zok= HlE0] 2012 G E] 80%E 'E711L AUt = EY f71E o HE - HE BF ZARA7] o w2t 571
Sk 7o, HES] Hat = 201915 AlQfohal = ESF A7 715591 20 mmE 'doiA AL QIGIct AxpAlo=
= B2 Ud 5717 59 Y. o= glo] Zo7t 7FsdllA AEAlo] 7RIl o AXI: sEA|RE T1= Q15]] -84
U oF 7 feam U] A Qlotal ] B 2 A Bk 5o S A8kl 254 f7lE £US 5ol 7lE 9%
= 577N ARAE T} B s Jdshs 50 EY 7Rl etttz og Frt= ok
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