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Abstract percent showed higher water-dispersible clay content with
higher ESP.

BACKGROUND: This study was conducted to evaluate CONCLUSION: Long years of cultivation using agro-

the water-dispersible clay content of paddy soils over the machinery with more than 40 hp enhanced water-

country in the summer rainy season as affected by dispersiblility of clay in approximately 60% of the studied

cultivated years using heavy agro-machinery and soil paddy fields except for salt-affected soils.

properties such as texture and exchangeable sodium

percentage. Key words: Agro-machinery, Exchangeable sodium percentage,

METHODS AND RESULTS: Water-dispersible clay Middleton’s method, Paddy soil, Water-dispersibility of

content of 16 soil series of Korean paddy soils over the clay

country were investigated in summer rainy season from
July to August, 2006 by Middleton’s method. Water-
dispersible clay content ranged from non-detected to 4.8%,
showing maximum value from the fine textured soils and
high clay dispersibility in average from the coarse textured
soils. Longer cultivated years using agro-machinery more
than 40 hp result in higer water-dispersible clay content for
60% of studied paddy soils with less than 5% of
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Solid, SS)& 37}=|aL ek =ofl 93t 2| Ss-ate
S} o] 245, 1|9 7]En Gl Azt K
11531 QItKLee et al, 2011; Lee et al, 2017). £3], SS9 +-
2 Lee 5(2011)2 ¢17F 301 kg/ha, Lee 5(2017) 1|
5710 2.1~8.8 kg/ha, 95710l 5.0~114 kg/hal& 71 2}o]
7F 3A vERdaL itk ol 54 Alelk 9ot A
EoFo] EAJo] Pkt Lee 5(2011)9) 4% HESF 26.9%
o] HAFAJES, Lee 5(2017)2] A4 AETF 13.0%2] U=
°]3ltk. Zhang 5(2016a):> HEFE ofet 17159 &
of we} =ella] FhkEle] fAEE Bkl deixivtar stk
de Oliverira 5(2005)2 JE7} 4t ATe AEFES]
et Ay vt F HEZER] Tyl EE ¢
gAdo] AHoR Yol H3Ax 8l B Wizl B
sk Qlok wheb thekst wmEeke] Bl ule} &5Vt
BRI ks Rwet " vt 9t} 14l

EORFE} oUx] T wak Aol ko] |, 24
A9 NFSHA] Abo] Eokrgiarellr AP B CluA

Flel wlgleta, Eeko] o Hojgel wet #A L AxIth
1 A thKay, 1989; Watts ef al, 1996). 1= Lol
ulel AA[thel] f1A|sto] vlgETlo e Eokriatdo] A&
S oo ® A FAEY] A9 Aol AHgshe w7
steel S 9 e 7 lTHSaito,1985). H3F = =
7Fe7) Slsl BekshAl HelstEE AAR el vldE] sA
AzHEo] 90% olo® Eth w719 tEste A
ZE7F AAW gido] TS s Eo] g F nggrlel =
FoFO| #do] v wobd = ltiZhang ef al, 2016b). &
3 Aol & Eoke Yust AErt vtop HE A AakA
TOE QFHE = WHE AN EFEC] e
stek = QIthHan ef al, 2017). 7392
E Abo] #ds B3l §5H 2 A =49 Askgeol
WAE = QIti(Kretzschmar ef al, 1999: White, 1985;
Zhang et al, 2015).

olgA Wi AEL =EY HISEE A Bwt

ohJet FA Lol @ Qlo] ol WATES e g

N
N oo X ox

Table 1. The characteristics of soil and agro-machine use of studied paddy fields

. Agro-machine Location
Site Range of clay content -
Farm tractor power Operating years N E
F1 A > 18% > 40 hp 13 35.8966 126.9077
F1 B > 18% > 40 hp 9 35.8768 126.9414
F2 A > 18% > 40 hp 12 36.2225 127.1127
F2 B > 18% > 40 hp 7 36.1771 127.0669
F3 A > 18% > 40 hp 11 35.1165 126.8265
F3 B = 18% > 40 hp 8 35.1279 126.8280
F4 A > 18% > 40 hp 11 35.7866 128.4531
F4 B > 18% < 40 hp (cultivator) 9 35.7408 128.4239
F5 A = 18% > 40 hp 11 35.4955 128.8406
F5 B = 18% > 40 hp 8 35.5426 128.7152
F6 A > 18% > 40 hp 11 35.1824 126.7406
F6 B > 18% > 40 hp 8 35.0759 126.7902
F7 A = 18% > 40 hp 10 35.1455 126.4827
F7 B = 18% > 40 hp 8 35.1661 126.5014
F8 A > 18% > 40 hp 11 35.4884 128.5990
F8 B = 18% > 40 hp 8 35.4828 128.6138
S1 A < 18% > 40 hp 12 36.7254 127.4530
S1 B < 18% > 40 hp 8 36.7145 127.4559
52 A < 18% > 40 hp 11 36.6980 127.4566
S2 B < 18% > 40 hp 9 36.6881 127.4431
S3 A < 18% > 40 hp 15 35.9329 127.1458
S3 B < 18% > 40 hp 9 35.9551 127.1886
54 A < 18% > 40 hp 10 37.2692 127.7983
S4 B < 18% > 40 hp 8 37.2331 127.8013
S5 A < 18% > 40 hp 7 37.2329 127.8005
S5 Ba) < 18% > 40 hp 5 37.2815 127.8301
S6 A < 18% > 40 hp 13 36.1118 128.4996
S6 B < 18% > 40 hp 9 36.1104 128.5029
S7 A < 18% > 40 hp 10 36.4758 128.1955
S7 B < 18% > 40 hp 8 36.4933 128.1677
S8 A < 18% > 40 hp 15 36.8319 126.8423
S8 B < 18% > 40 hp 9 36.7977 126.8563

¥ Land leveling had been conducted at 5 years before investigation time
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Table 2. The physical properties of sampled soils

Particle size distribution (%)

Site Sand Silt Clay Texture Soil series / Management group (Soil taxonomy)
F1 A 212 50.8 28.0  Silty clay loam . .
F1 B 7 593 330 Silty clay loam Buyong / Well-adapted (Fine, Typic Endoaqualfs)
F2 A 129 58.1 29.0  Silty clay loam . . .
"B 81 504 325  Silty clay loam Deogpyeong / Well-adapted (Fine, Typic Epiaqualfs)
F3 A 187 59.7 21.6 Silt loam . .
B 166 618 16 Silt loam Honam / Well-adapted (Fine, Typic Endoaqualfs)
F4 A 233 53.1 23.6 Silt loam L .
F4 B 974 532 194 Silt loam Yuga / Well-adapted (Fine silty, Typic Endoaqualfs)
F5 A 205 55.6 23.9 Silt loam . .
5B 198 54 278 Silty clay loam Imgog / Well-adapted (Fine loamy, Fluvaquentic Endoaquepts)
F6 A 258 56.1 18.1 Silt loam . . .
F6 B 76 497 207 Silt loam Sinheung / Well-adapted (Fine loamy, Typic Endoaqualfs)
F7 A 151 63.2 21.7 Silt loam . . .
B 254 558 18.8 Silt loam Hampyeong / Newly reclaimed (Fine loamy, Oxyaquic Hapludults)
F8 A 205 55.2 24.3 Silt loam . .
F8 B 186 554 26.0 Silt loam Haenggog / Newly reclaimed (Loamy skeletal, Oxyaquic Udorthents)
S1 A 563 25.8 17.9 Sandy loam .
S1B 136 404 160 Loam Eungog / Sandy-textured (Coarse loamy, Anthroaquic Eutrudepts)
S2 A 451 429 12.0 Loam .
B 487 403 110 Loam Gangseo / Sandy-textured (Coarse loamy, Anthroaquic Eutrudepts)
S3A 377 52.0 10.3 Loam .
3B 567 304 129 Sandy loam Gocheon / Sandy-textured (Coarse loamy over sandy skeletal, Anthroaquic Eutrudepts))
S4 A 468 41.8 114 Loam .
4 B 500 45 155 Loam Hoegog / Sandy-textured (Coarse loamy, Typic Endoaquepts)
S5 A 500 34.6 15.4 Loam .
S5 Ba) 663 187 150 Sandy loam Maegog / Sandy-textured (Coarse loamy, Anthroaquic Eutrudepts)
S6 A 53.1 345 12.4 Sandy loam .
S6 B 565 311 124 Sandy loam Namgye / Sandy-textured (Sandy skeletal, Aquic Udorthents)
S7 A 54.0 30.0 16.0 Sandy loam . .
B 556 304 140 Sandy loam Hamchang / Poorly drained (Coarse loamy, Typic Endoaquepts)
S8 A 135 74.8 11.7 Silt loam . . .
S8 B 245 629 126 Silt loam Gwanghwal / Saline (Coarse silty, Fluvaquentic Endoaquents)
sto] deld Favt Qv & Aol e feluet Wl =9 tiMiddleton, 1930). & HEgEo] thet A HE]
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Table 3. The chemical properties of soil in study sites investigated before rice transplanting

oOM® pH Exchangeable cations (cmol/kg) CECY ESP®
Site 1 o

(g kg") (1:5H20) Ca Mg K Na (cmol/kg) (%)
F1 A 40 55 4.0 1.7 0.3 0.3 164 1.6
F1 B 49 6.0 5.6 1.8 04 0.2 16.2 14
F2 A 33 5.8 6.6 1.3 04 0.1 19.8 0.7
F2 B 32 55 6.2 25 0.7 0.3 20.6 1.4
F3 A 32 6.2 64 1.6 0.3 0.3 25.0 1.0
F3 B 36 5.7 6.1 1.8 0.3 0.3 244 1.1
F4 A 21 5.2 54 1.9 0.3 0.2 19.0 0.8
F4 B 34 5.0 74 2.5 0.1 04 21.0 2.0
F5 A 36 5.7 5.3 0.7 0.1 0.1 16.1 0.6
F5 B 18 55 4.0 1.6 0.2 0.1 18.6 0.5
F6 A 45 6.7 7.3 1.6 04 0.2 15.2 1.1
F6 B 30 6.6 77 22 04 0.2 19.2 1.1
F7 A 32 6.2 6.4 1.7 04 0.2 17.8 1.1
F7 B 35 6.0 44 0.6 0.2 0.1 14.8 0.9
F8 A 13 54 39 1.3 0.2 0.1 15.6 0.6
F8 B 24 5.7 5.1 1.2 0.2 0.1 194 0.6
S1 A 24 53 32 0.8 0.3 0.1 9.8 09
S1 B 29 6.2 5.6 1.8 0.2 0.2 13.6 1.7
S2 A 18 5.6 2.9 1.0 0.2 04 9.2 4.1
S2 B 22 5.2 4.0 1.2 0.2 0.2 104 1.4
S3 A 31 5.7 25 0.5 0.2 0.1 9.2 0.9
S3 B 26 5.3 24 09 0.2 0.1 9.6 0.8
S4 A 26 55 29 0.5 04 0.1 10.8 0.6
S4 B 27 52 2.8 0.6 0.3 0.1 14.2 0.7
S5 A 22 57 3.1 0.8 04 0.1 11.8 0.9
S5 B 34 6.1 32 0.7 0.2 0.1 11.0 0.6
S6 A 20 5.8 42 0.9 0.2 0.1 8.8 1.5
S6 B 25 59 4.6 0.9 0.2 0.1 14.0 0.8
S7 A 14 5.6 3.7 1.2 0.2 0.1 10.0 1.0
S7 B 28 5.7 3.2 0.7 0.2 0.1 8.2 1.5
S8 A 23 6.1 5.3 22 04 04 11.0 (2?%9)‘1)
S8 B 17 6.7 2.6 41 0.7 1.5 10.8 éig)

3 Organic matter content, b Cation exchange capacity, 9 Exchangeable sodium percentage, D ESP of subsoil with depth

from 20 cm to 40 cm

e AEFFS 10~33%F HERl o HEFo] 18%
o]4t 167 A (F1~F6)L =3 o7 & u HEi= 12473,
ngE 423 o9tk FETH 18% vk TS 16747
(S1~S6) 0. =FHomE AME 1274, F= 244, 3l
= 240k =gl AMEskE T IAE & ) AA
(F4 B, 3&7)S AlQlsta EFE o B5F 40v o)A}
sy EFEAE VA A 5d~15d0]9) 0

N
T

Y A9 W AREATY] Aol 2dellA 6] LIS
(Table 1, 2). EES] 7|58 AETF 18% oA
13~49 g kg, FEF 18% v|TtolA 14~34 g kg' 9] W
9= Yehfo] HES 18% olAtold f7]Edeko] Hytd
02 ¥/ Yelsiti(Table 3). £ pH 5.0~6.72 M9 E
Heblglom X3 YEF SAIEESP)7 7HE =2 S8 B

oM Hhgts eRhSith A9 Zadds RS 18%
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Fig. 1. Water-dispersible clay content by Middleton’s method
in soils with clay content more than 18%. Soils with same
letter are not significantly different at the 0.05 probability
level. Values in parenthesis mean clay dispersibility, the
percentage of water-dispersible clay to total clay content.

ool A 3.9~7.7 emol kg, HESHF 18% koA 2.4~
5.6 cmol kg9l W9 E vERTh X84 YEFSHT} ESP
+ S8 BollA 7P A YElstth S8 BE Alglstal x|
UEE HAEE 6 o|stZ YERt

FE o]E 7}9-7] Middleton’s EAM] AEE= £
E~4.8 % o HSE BEHE0] 14440190y AEH A F
F2A ©llX 7} =9ka1 F2B, F7A, S4A, S5A, S6A, S8B7}
ThS F1A, F4A, F5A, F5B, F8A, S7A, S8A7} 71 the0 &
UokthFig. 1, 2).

HETEF 18% o) EdolA #a2Hd AE7 1644 Z 8
A QoA AEHAT A AESEF] F20 Hls) duld
o7 U yeld F19] 39 JESER F29F fARRY 7]
Edlgo] Eohth A HEZ AEEA %2 Fo A TE
F71%& ko] AtA o= #9t) Rasiah and Yamamoto
(2002)= HUEAS3E AEE AR S/1ETE B
7)50] AadrE Sk it 53] 4715 4
F0} T YRAEYA o] wpE Baky HEQ
9315 stk ded QltkTisdall and Oades,
1982; Oades, 1984).

HES T 18% 1|W Bl
wo] HESF 18% oldel vlal A& A +

o3

1o Jo

2 Mo o2
N

71Esko] 14~34 g kg9 WS Yehlol HES 18%
ol Eool nl3) wA #xsoH, A&
2 AE SFO Ajole YERA] egith

SINA ARGl W Ak AESES Fl, F2, F4,
F7, B8, $4, S5, S6, S7°I4 s71AAMA7F Ao 243
AE7}L = Vel & &S| thet FAd dEQ] o)
o] HE T 22 Aok V1A sk A2
EoRas mlyjsto] EAE EARTIE F do® &
214 ltKBronick and Lal, 2005; Dalal and Bridge,

2.5 240
(20%) (19%

13 1
(8%) (10%)
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Fig. 2. Water-dispersible clay content by Middleton’s method
in soils with clay content less than 18%. Soils with same
letter are not significantly different at the 0.05 probability
level. Values in parenthesis mean clay dispersibility, the
percentage of water-dispersible clay to total clay content.

1996; Kay. 1989). " S89] - AXFH KT} ESP 7} 34|
ol =2 B AN A HEZL =4 UER T YER
& AR S FHske tiEARl S (Sagjiew et
al, 2004;Igwe and Udegbunam, 2008), ¢-2/vtzt 7+~
wollA =2 TS Hola glon sdsEst AskrE
T3 deds Y dEFoR P2 EFow ERHT o)
dete o] Wolzt A vebd = 9tk S8 B A9 A
E9] ESP7} 24.6%% RERTE A YEREIL §lo] S8 Ad
Hlgl] Aldo] B o]Fojzl Aoz s 4 Ql3itk F3, Fe,
S1, 82, S3ellA= WAV HEZE HEHA kol E71A] AR
Aol whE AfolE & & JUSlom FollM= oF 1%9] #At
AAEZE AEEAeY sk Apol7t yehtA] kgt

wpebA ESPO zfol7p & HAA] =& Alglskal 157 A]
o F 60%81 97Nl tis7)AlE ARSet AAAGT A
= AR Aol =7 ekt o] Y HESE 18%
oldelM 5414, 18% vintelld 4x]i o HES ol
uhel FARKILE i HE S RS 18% mwte|
A 18% ol drth =7 UeRth ol HESHO] w555
715 ok 34 TOE Hgskd 4 Q7] WEoRE HAl
THRasheed, 2016; Tisdall and Oades, 1982).

EQF A AAE Sl o R Hald w5 TV T
g A7leleF Fast f7lE AuE 58 dust 231 5l
Algt =L thNguyen ef al, 2009; Saejiew et al, 2004;
Rasheed, 2016). F-gjuetol= T2 HHA] B i
o% Kim $5(2005)2 41, #Algeo]E 55, Son? Cho
(2009)= TS f7les Agste] ddst X a3 v
W v Qv ey =elMe 2R T TRk Aol B
ol Beiatar Qlom derrlells WA ek HER
s ARk T dxte|th webA s 5 Bl
7FlAE o|A] 78], EGEA, EFE WA, B4
ol e BT RS 5 rpekst Wil =R Eat
A& BIES = EY 73 #E] dA9F BR3El o) =
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A FEHE SS ARS 59 FAeddste 2 ey
o7 QlE e7uE =EY 2AE AWE T EYEEA
G55 el AlFsith shalek

2 %

Syt W= o534 797 Middleton’s H4HI
HES BHE ~ 48% o AR vepton] g A%
& 18% ol EgelM vEtod e kS HEd
& 18% Nt EelA Al HERd T tdA 99 60%C14
40vHEol Y F71AE AR ARATTE AEE A AR
ol w2 ¢S ekt &, A UEF I @
Eo] Ao} 2 M= AR HEFTH] e
AV HEZF =9k
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