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ABSTRACT

This study was performed to investigate the changes in evapotranspiration, soil temperature, and soil water in
different paddy soils during the non-cultivated period (from January 1 to April 12 in 2017) using weighable
lysimeters. The relationships between air temperature and soil temperature and between precipitation
parameters and change content of soil water were also investigated. The evapotranspiration increased with
increasing air temperature. The total amount of evapotranspiration in the study period was in the order of
CL-L (coarse loamy-loam) > CL-SL (coarse loamy-sandy loam) > FC-SiCL (fine clayey-silty clay loam). All
three soil types of FC-SiCL, CL-L, and CL-SL had a similar tendency to change in soil temperature. The soil
temperature at a 0.1 m depth responded most sensitively to changes in air temperature. The air temperature
was showed to have high significantly positive correlations with soil temperature at five depths (0.1 m, 0.3 m,
0.55 m, 0.85 m, and 1.25 m) in the three soils (p < 0.01). Especially the correlation coefficient between soil
temperature of 0.1 m depth and the air temperature was higher than 0.9. The soil water content responded most
sensitively to precipitation at 0.1 m depth in all three soils. The change content of soil water differed according
to the soil water content before precipitation. Precipitation and change content of soil water at depths of 0.1 m
and 0.3 m was highly positively (p <0.01) correlated in all three soils. Change in the content of soil water at a
0.1 m depth was positively (p < 0.05) related to precipitation intensity and precipitation kinetic energy. Soil
texture, soil water content, and precipitation conditions need to be considered to establish the irrigation
management plan necessary before transplanting.
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The values of correlation coefficient (r) between the precipitation parameters and change content
of soil water (4ASW).

Change content of soil water (/4 SWT)

P t 0.1 m depth 0.3 m depth
arameter — ;
FC-SiCL CL-L CL-SL FC-SiCL CL-L CL-SL
(n=16) (n=16) (n=16) (n=16) (n=16) (n=16)
PR 0.745%%* 0.784%* 0.751** 0.702%%* 0.691** 0.733**
Pl 0.617* 0.513* 0.534* 0.464 0.385 0.455
PKE 0.621* 0.521* 0.542* 0.468 0.391 0.460

PR, amount of precipitation; PI, precipitation intensity; PKE, precipitation kinetic energy.

ASW, change content of soil water = soil water content at the end of precipitation (SWE) — soil water content before

_precipitation (SWB).

*FC-SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.
Correlation coefficient (r) was determined by Pearson correlation analysis to evaluate the relationship between
parameters. Results were evaluated with 95% and 99% confidence intervals; *, significant at p < 0.05, and **, significant
at p <0.01 level.
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Introduction

EOFRE0 B ol E ool 24 450 2 Aol (Hillel, 1998; He et al., 2012), E¥o]| AFE= R0 7}
F= R B8 5303 (Unger and Howell, 2000), 2Fa-2 o] -&alle ES-2& 5575t S &
(Tinker and Nye, 2000). 3= Bl 2 35 S-S k= T8 QAo gt A8 AlRte] A2 A
el = 7357 e A EGRA ERE R0l 92 = A= 112% T (Renard et al., 1997; Romkens et
al., 2001; Liu et al., 2011). EQpE-S EofzHlr AEZAL 2| HH-GET -2 H5HA 1148 Alojshe o5k 5}
3! (Longobardi, 2008), 74, EQF2, EUEA, 2Fa1E-0] ks Hh= 7HAIRo|t) (Al-Kayssi et al., 1990; Li
etal., 2013; Penna et al., 2013; Yang et al., 2019). 5L} S4F T3 7|4, EFEA], A1A80] F3kS 17| Tt (Allen
etal.,, 1998, 2011a, 2011b). B2 5 A S0 F-att oulE AUl glow 7|3 Hstel 7zl t-&-
517] Yoto] HH-gret ESE )7 525 TR R AT Q1T (Unger and Howell, 2000; Pereira et al., 2002;
Hanjra and Qureshi, 2010; Saccon, 2018). ErE &S S5k = i o= EYARE AFote] AZsk= A%
T, ESUAT B o] Aotele S75h= 'IA| Qm M, Rt = 7] A7) 9L o] 85h= Al 5
o] 9.2 (Seo et al., 2012), EYG-EAIN = EELF HIE Ao 2 ST &= Q)= Aol ot (Kim,
2014). 123 ESE olE, S, E5A1E AU S4s7] fIste] S84 2ol AR|E7} o] 8= glrk
(Meissner et al., 2010; MeifBner et al., 2010; Anapalli et al., 2016; Seo et al., 2016; Kim et al., 2018a; Ok et al.,
2018; Kim et al., 2019; Ok et al., 2019). ¢-2|u2}te] 739777} o Foll BEE= 540l Qlof Faol A== w4
ol 7hao] 2 =7 = gt (Lee, 2012; Kim et al., 2017, 2018b; Choi et al., 2019). & 75 tHH]E 3l 23] A€
o W5k B0HE) AL S WFAIR) ALTE 51 B ATel wlete] Fasich. Tela B4, QA
E gXUL SOl 2|4 EAf et EE EXo] EEtA]A| o} (Fredlund and Xing, 1994; Tuller and Or,
2004; Song, 2013; Jung et al., 2015,2016; Seo et al., 2017). E A|Fo A= =EFS A EFO 2 A5l oL, &
2lueto] 9252k o 2 Q19 57 2] Afufjo]-8-Eo] =1l =1H3te] 2014 25,640 ha, 2015 20,916 ha, 2016
22,780 ha, 2017 33,325 ha, 2018d 18,871 haZA] sljufc} 27t ha & F-AI51aL 910] (MAFRA, 2019) A= &
B HEhE ol ZHEo]E A /s 35734 oI WAk HabA] 1 AT B Ao the el moh 4

g

OO

sk

29 2 2 AL S 918 b IR S etol AulelE o] gate] w72t 7| ko] AT, A thE Eo
o] USRS v /b5t 0m, B0k o] EQRR} EORRE WSHE ZASIGIT B4 w0t EORe el
AR, e} EQRR atre] ATeAE Bolsklck B2 Q7 Arke 447} EgaE gl u)
L gl EA] uRE EQRE RS wjoteto] EAN TR 4] 7| 2AEE 288 4 91 Flolck

Materials and Methods

HPAM U AFEY 2 A1 AuEE 957 oA Fd5detdo] F5F 2fo|AH[E] (Weighable
Lysimeter System, UGT, Germany) Al/do|A] =8 =|3]c}, & Oq:rl/\]/l 2 YA 33 m, 591 35°49'29", 573
127°02' 46"l 115121 )k, Z5F eolAlu[El EHA 1.0 m’, Z°] 1.5 me] 2H 1| A7) QE ol wets|2] o
o Ajqree] mmepo] Faslo] Gick Aol AHSE EORS A ABO] BAIAKE (fine clayey-silty clay
loam, FC-SiCL), AFFA Al'5-2] &FE (coarse loamy-loam, CL-L), AFFA A1'5-2] AFFE (coarse loamy-sandy loam,
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CL-SL)& & 3%&7°l|al, 2 Eofutrt 3ukE.0 & Hliz|staith. ESF 5742 Table 1] eI B 9 T2
Soil Survey Staff (1999)°]l We} AAJsI. o™, ESF £/ Zold2 84Uk (bulk density), EFH7]= (soil
organic matter, SOM) o5, EAE2F (field capacity), EAJ (soil texture)S AT -84 = Blake and
Hartge (1986)7}F ARt Zobl, ESR7E 2 S sdatetde] EsteHEAR (NAAS, 2010)0] AAE
Tyurin¥2 °|-85I3{th 2832 ES=a4d AN (NIAS, 2017)0] et A &5 01-85H 0.3 bar 271
oA ESrEERS SA5ItE EAL HISAY (Gee and Bauder, 1986)°] wal ESFJAAEIL (soil particle
distribution) AF4 § 0]=k 555 (United States Department of Agriculture, USDA)2] B4 AZFEE (soil texture
triangle)l] wj2t 27513t H 2to|AJa|e] AL AduF ERS Seo et al. (2017), Kim et al. (2018a), Han and Seo
(2019)2] Aol ARE HF Sk

2iO|AIOIE & 714 Io|E &F & A= I9A Y HiAst A ez 71V, ESa=, 58
AHO] TAE mefstaiz} shgl o, A7 B 42 90} o 5E A ESO A 3H G415 Aeste] 20174 1
U195 H 49 12971A] &Y= Q). SRS S 2ol AR e o] A= ko 2 A, EFaeF £74-2 weighing
system (Load Cell, UGT, Germany)©] ©]-8-=|]tt. Weighing system-= |t} 3,600 kg7}*] 4 71551

go|th, EFE St EQRR k= glo]AlaE] o] Z]o]™ (0.1 m, 0.3 m, 0.55 m, 0.85 m, 1.25 m)= B} soil water

Table 1. Characteristics of soils by depth used in this study.

Particle size distribution

Soil ' Soil depth BD' SOM FC : Soil texture
Sand Silt Clay
cm Mgm” gkg' % %
0-19 1.11 23 39.7 5.9 64.1 30.0 Silty clay loam
20-48 1.38 17 374 5.3 54.5 40.2 Silty clay
FC-SiCL 49-71 1.37 7 32.9 2.7 55.1 422 Silty clay
72-114 1.40 7 31.8 3.9 58.7 37.4 Silty clay loam
115-150 1.40 3 36.8 4.6 59.1 36.3 Silty clay loam
0-20 1.20 19 38.9 423 47.7 10.0 Loam
21-40 1.47 10 33.7 447 453 10.0 Loam
41-67 1.41 4 28.9 43.8 47.2 9.0 Loam
cL-L 68-89 1.41 4 26.8 51.8 40.2 8.0 Loam
90-114 1.28 3 16.1 75.3 22.7 2.0 Loamy sand
115-150 1.25 ND 12.3 83.9 14.1 2.0 Sand
0-13 1.20 14 32.8 52.6 37.4 10.0 Sandy loam
14-28 1.33 11 354 52.8 39.2 8.0 Sandy loam
CLSL 29-69 1.41 5 24.8 50.1 40.9 9.0 Loam
70-95 1.36 5 22.0 61.4 32.6 6.0 Sandy loam
96-130 1.40 6 244 59.8 34.2 6.0 Sandy loam
131-150 1.42 7 21.9 574 34.6 8.0 Sandy loam

F C-SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.
TBD, bulk density; SOM, soil organic matter; FC, field capacity.



312 = Korean Journal of Soil Science and Fertilizer Vol. 53, No. 3, 2020

and temperature sensor (UMP-1, UGT, Germany)Z SA4E| it} S4H EF, EQrE EQRL L Hlo[E&= 14
7t HH4E O 2 data logger (UGTLog, UGT, Germany)©ll ZA%tt. 7]/
=] (Weather Information System, WIS, STA Co., Korea) =
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ET=P+I-D—R (Eq. 1)

es]

T= ZHAEF (mm day™), P (precipitation)= 7% (mm day™), I (irrigation)= 7% (mm day™), D
(drainage)= A|5F3+%E%F (mm day™), R (run-off water)S A #-8-71%F (mm day ™' )-2 LFERACE

TR (e, T, skt A ST HISkE metstalat o Ske oE A oho & SLESIS:
Er el ZRIAke] At A B4 flste] 3ol ofet EaE RiRkS Al S EY (A
= T QS TEY) S EYTRagolA A e E R S Aoto] ALttt A<l
b= A, 7AaE, s olU RS A Elolitt. 744 (amount of precipitation, PR)< 758 52t
A, 73 = Al tiRt e B, Aol | A= A=Al Ak ofl v A] gk LR Aot

7¥57 & (precipitation intensity, PI)+= Renard et al. (1997)°] A|QFet T AFE4] 0 =5 Atsilet. 154

)

0.

__amount of precipitation

Pr precipitaion time (Eq.2)

PI= 757 (mm '), amount of precipitationS 735 (mm), precipitation time-2 7352/ A17F ()& LHEF
il= g

7F-25 0L A= (precipitation kinetic energy, PKE)= Eq. 32] -5-213} ZX17, Brown and Foster (1987)7} At
3otk

PKE=29(1—0.72¢ ") (Eq. 3)

PKEE 75250192 J m® mm™), p= 2575 (mm h)EA] Eq. 2 2402 Akt

SHAEM Aol AREH 3EF EO] STtk tigh 7914 452 Duncan’s multiple range testE AA[S}
ATt A2 ot EQRR L O] A, EQf R okl 7 Q1210 AHMA| = Pearson’s correlation analysisS
AA5HLE. BAEA] 2 1302 SPSS (statistical package for the social sciences, ver. 18.0, SPSS, Inc., Chicago,
IL, USA)E o]-85}3tt.
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Results and Discussion

SUME Het A E-mAFEAYE (FC-SICL), AFFE-UE (CL-L), AFSE-AYE (CL-SL) 9] S TAFg 4
<= (the first part of a month, FPM), %< (the middle part of a month, MPM), S} (the last part of a month, LPM).S.
2 JHEoto] H|wstS) 0, 1 AVR= Table 29t 2t 7] Ad=soll whet SAk2 1 Dol 492 445 S7toh= A
© = Uit 192 MPMof| FC-SiCL 9] FEito] W7 vefutovt EE SHEE 2foli= LehA] et 2
L2 LPM= A|@]5tal FC-SiCL o] Fa4go| 2 Uehsith 392 FPMof| E St 2lo |7} gl o v MPM,
LPM, 39 Mk CL-L O] F4to] A Uetsith 492 1 957 H 1297F] 9] FTAtFo|™ CL-L o] Fiito] &=
Al vepgeh. Q7717 59 SR ERES CL-L > CL-SL > FC-SiCL A& VR Tth CL-L-2 0.1 m Zo]<] o)
SHQFo] Yol ZHAto] =11, FC-SiCL-20.1 m@}0.3 m Zo]of|A] Htj-Raleo] ol ZHbito] ko o g |
oItk 0.1 m2}0.3 m o] EoFe] X tf4-E=RS Table 49t 504 2118k 4= QJT}. Agassi et al. (1994)2 A ER} 1]
A} Hgo] 2B BRG] =rh ] B 1S 1, FC-SiCL 9A] nAle} HE o] 28 oot} (Table 1).
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EY2T Hal XM2Eet EY2E2| AEEA 20173 19 1 9FE 49 1297H] APk,
At MBS Fig, 19]] LRSI FC-SiCL, CL-L, CL-SL 3 &7 EoF BT Eoke - Hig]

SHALE AP st w2t FC-SiCL, CL-L, CL-SL B 25 0.1 m Z°0]9] EQR L7} 7 qiztsH|
o}, SER|RE 27t Pt o 2 Y7t et EYR e Foha o= HA| Hel7kA] it 7|7t
Zo]o] A EQFR = FC-SiCL %435}0.5°C, CL-L %5}10.3°C, CL-SL 0.5°C %t} 0.3 m ZJo] o2 GAHES &
Skt 1911 39 2847 = HIA|A 0 & B o7t a5 BT EA| LR U 3E 2997 H 0.
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Table 2. Comparison of evaporation in different paddy soils by the part of a month during non-cultivated period.

Month Part of amonth ' FC-SiCL CL-L CL-SL
FPM (1-10) 74640422 7.76+0.35a 7.1840.05a
. MPM (11-20) 6.80+0.24 b 7.16+0.10 ab 72740304
LPM (21-31) 8.83+041a 9.52+0.48 a 9.06+042a
Subtotal in Jan. 23.09+0.63a 2444+ 0.89 a 23.51+0.75a
FPM (1-10) 9.21+041b 10.55 + 0.40 a 10.08+ 0.41 a
Feb, MPM (11-20) 1121+021 b 13.89 +0.47 a 1337+ 053 a
LPM (21-28) 1204+ 1.10 2 12.35+0.76 a 12214023 a
Subtotal in Feb. 3246+ 1.60 b 36.79+ 143 a 35.66+0.92a
FPM (1-10) 17.98 + 1.50 a 19.15+0.65 a 1776 + 0.56 a
Ve MPM (11-20) 17.06 + 0.44 b 18.39+ 0.61 a 17.05+ 0.67 b
LPM (21-31) 18.38+0.33 ¢ 2129+ 0.62a 19.51+0.44 b
Subtotal in Mar. 53.42+1.84 b 5883+ 1.31a 5432+ 1.38b
Apr. FPM (1-12) 27.09+0.35 ¢ 32.46+0.52a 30.05+0.39 b
Total Jan. 1 — Apr. 12 136.06 + 4.03 ¢ 152.52+3.61 a 143.54+2.46 b

F PM, first part of a month; MPM, middle part of a month; LPM, last part of a month.
TNumbers followed by different letters within a row are significant at p < 0.05 using Duncan’s multiple range test.
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o 2 YT T2 A or Hlth A2t EYR: 71l wet S S715he B30l om =34 At
ofi= ko] WA VAT Kim et al. (2019)9] A-ollA] 7|54 —8— APt 7 o] Aol AL A4

O] A& Barstgie). 29 258 CL-L¥} CL-SLO| F*&4to] FC-SiCLETH Eok2]7] AlRtotel o, 39
ZHEE CL-L O] S| CL-SLYF FC-SICLET 20R]7] Attt ol2fet oz A7 59t & S 2At

™

£=2]7} CL-L > CL-SL > FC-SiCL 2 LEPGTH (Table 2). Kim et al. (2018a) GA] A-20)4 Bol|=H GAr|2og

17-1-1 17-1-21 17-2-10 17-3-2 17-3-22 17-4-11
0 T T L || [' I — I ||| : === 0.1 m depth
’é‘ | | ----- 0.3 m depth
5
E — — 0.55m depth
g 10 - =+ 0.85m depth
=
g 1 e 1.25m depth
a2 15 A
2 == Airtemperature
@
E 20 - —=&— Evapotranspiration
BN Precipitation
25
20 6
(FC-SiCL)

17-1-1 17-1-21 17-2-10 17-3-2 17-3-22 17-4-11
20 6
(CL-L)

Air/soil temperature (°C)
Evapotranspiration (mm)

17-1-1 17-1-21 17-2-10 17-3-2 17-3-22 17-4-11

(CL-SL)

£ 0
17-1-1 17-1-21 17-2-10 17-3-2 17-3-22 17-4-11
Date (year-month-day, yy-m-d)

Fig. 1. Changes in air/soil temperature and evapotranspiration in different paddy soils during non-cultivated period
from January 1 to April 12in 2017.
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Table 3. Relationships between the air temperature and soil temperature in different paddy soils during non-cultivated
period.

Soil depth FC-SiCL" CL-L CL-SL
(n=102) (n=102) (n=102)
m

0.10 0.933%* 0.926%* 0.922%*

0.30 0.887%* 0.877%* 0.881**

Air temperature 0.55 0.830** 0.832%** 0.840**
0.85 0.782%* 0.792%* 0.800%*

1.25 0.763** 0.770%* 0.781%*

TFC—SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.
TCorrelation coefficient (r) was determined by Pearson correlation analysis to evaluate the relationship between parameters.
Results were evaluated with 95% and 99% confidence intervals; *, significant at p <0.05, and **, significant at p <0.01 level.

sl o] Fuklo] F7etrhi Huslert. AARLE Wslo] et ol d EQken o] Mstsigon, 551 0.1 m
2Jole] EF257} s ¥H8o1o] AL S| ol BRI ] AR ZASKAT, 2 25 (Table 3,
FC-SICL, CL-L, CL-SL E9F0] 2AFgt BE Zololq BRI} A7} I 2 §0f5t Ho] 4t (p <0.01)°]
QU 2102 UERTE. £5]0.1 m Z0]0] £z o} AHL.E710.9 o]AF0] A2 1 olef et okl 4|
Ap o] 7P W7 9SS SHR1EH ST Zheng etal. (1993)°] ATl W2 EOHIRLE A4FL 0] 4
A oS o B g AL ol J4aES o §5to] E9F 10 om o)) -LES & 4 911, 7 o2 Arho.8s o]

Ao) e At} et

EOF
o]
H
FC-SiCL-S CL-L1} CL-SLE T} 7= & 4-Boler %2}7} A VrERit FERFO] 52 FC-SiCL2 Zeto]
AYSIAIL (Fig. 3), ©o]= §lste] BE ofs} Zo|2 357 @deiz7] Wit o &2 ke FC-SiCL-2 EYZ0]
0.3 m&] EEalaFo] =7 Uehidth HETHO| 52 EA2 wet-dry <gto] HEEA 0 2 ojd 742 Z=fo]
skl Zepl B2 ol S22 o8k o] Aefx] BESO| SRR A6k Ert (Bouma, 1980; Li et
al., 2016; Wan et al., 2016, 2018). E¥Z10] 0.3 mol|Al= 7= 93ko 2 EQ-RoleF M5} 9191011 0.1 m Zo]
Hoh= RIZSHA] 93917, 0.55 m ZolREl= EYE8=Fe] o §i} Zfol7t YehtA] (oirh. EQERE HEoh,
FC-SiCL-2 0.1 m Zool|A] 7= ol whet £ Uof| B gho] = Ut 212 A1 2J5HH 0.55 m Z©] W

of| 4] EFEglE0] 35% o]0 &2 A LRt EXZ0]0.55m, 0.85 m E 1.25 mof|A] EXEg S 2lo]=

2] Gtk CL-L-2 1.25 m Zololli E-=2tdo] 37% oVd o= 7P =7 fA1E 91, 0.55 m Zo]o] ES=
2 0.1 meH0.3 m B 2 YRt CL-SL20.55m, 0.85 m 2 1.25 m&] EYE9laf0] 0.1 m Zo| Hop it
Al Yebeteh EFZ0] 0.1 mollA] EG=rwetdo] izttt 2|44k ZHF FC-SiCL 40.7%, 28.7%, CL-L 37.1%,
32.3%, CL-SL 37.4%, 32.6%°]2111, FC-SiCL 2] ¥} Zo] 7} 37 VFERFTH (Table 4). 0.3 m 0] BBt
o] gkt 47k ZHZF FC-SiCL 35.9%, 33.0%, CL-L 34.8%, 31.3%, CL-SL 32.3%, 25.3%&A4] CL-SLo] 7F%

Hal Z0IXIet EQULE HEIEFo| Aty FC-SiCL, CL-L, CL-SLE%FS] Zlo]d
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zZ

S3191.0.1, 4ol EopRatako] Z716ta 47} E R EgEgeo] 45| 1S

ool

N

o

ri'.é ne 4>
rE MO

ul



316 ° Korean Journal of Soil Science and Fertilizer Vol. 53, No. 3, 2020

* 0.85mdepth -+ 1.25m depth W Precipitation

r o

17-3-2

25
17-1-1
50
(CL1)
45

17-3-22

Soil water content (%)

17-4-

r 10

Precipitation (mm)

17-3-2

25
17-1-1
50
(CL-SL)
45
40

17-3-22

17-4-

F 10

F20

25
17-1-1

17-1-21

17-2-10 17-3-2

Date (year-month-day, yy-m-d)

17-3-22

17-4-11

50

TFC-SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.

Fig. 2. Changes in soil water content at five depths and precipitation from January 1 to April 12in 2017.

(FC-SiCL)

el

TFC-SiCL, fine clayey and silty clay loam

(CL-L)

; CL-L, coarse loamy and lo:

4
am; CL-SL, co

A

arse

(CL-SL)

b

loamy and sandy loam.

Fig. 3. The crack phenomenon of silty clay loam and state of loam and sandy loam in non-cultivated season.
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£ H}E B30 FC-SICLO] & EYTwetds fAISHITT (Table 5). 73 Ao Z3pRIAt=A 2t
(amount of precipitation, PR), 73574 (precipitation intensiy, PI), 73<2-5°ll1 2] (precipitation kinetic energy,
PKE)& AFE5I31 T, 20 g whet Efaietad e UERt 0.1 m@t0.3 m ool A ESfa-= Halehs A
SF3ATt (Table 42} Table 5). PRO| =T 2HE 73Al7to] Aoj 2] PI9F PKEZ ol = 21 ERIskGIrt. Bz o]
0.1 mollA 714 2 EE B3l FC-SIiCL +7.8% (PR 21.3 mm, RI 1.64 mm h', PKE 9.76 Jm™” mm’"), CL-L
+3.7% (PR 20.5 mm, RI1 0.89 mm h', PKE 9.03 ] m™ mm’"), CL-SL +3.5% (PR 20.5 mm, RI 0.89 mm h™', PKE
9.03 Jm” mm™) o]3ith AT/ Bt 4ol AR Wk 29 22 (19.8 mm)2 0.1 m Zo] EF4-E 13}
&o] FC-SiCL +0.8%, CL-L +1.3%, CL-SL +1.1%= Ha}5Fo] 2] eIfA|qh 7o) 7.8 mmollE 1€ 29
A-309-20.1 m Zo] EE Mgl FC-SiCL +5.5%, CL-L +2.8%, CL-SL +2.7%2A] 21 7o v]sf 2
HslEo] UpelsiTh Eqfo] B3 4= Q= 20 2| fto] QLo B & 7342 Bk wategol met -5 Hald 2t

o7} Uit EofZlo] 0.3 moflA] ESFE Hol=ke FC-SiCL -0.6~+1.6, CL-L -0.3~+1.2, CL-SL -0.5~+1.72

Table 4. Change content of soil water of 0.1 m soil depth as affected by precipitation in different paddy soils during
non-cultivated period.

Date of Precipitation parameterJr FC-sicL’ CL-L CL-SL
Siz‘:f iation PR PI PKE SWE’ SWB 4SW SWE SWB JSW SWE SWB /JSW
mm mmh' Jm mm' e e b % --------
Jan. 13 02 0.20 8.33 342 3406 -0.4 340 342 -0.2 347 349 -0.2
Jan. 21-22 1.6 032 8.45 341 317 +24 342 33.6 +0.6 349 342  +0.7
Jan. 27 1.2 0.60 8.74 3.9  30.0 +1.9 335 327 +0.8 338 329 +09
Jan. 29-30 7.8 0.52 8.66 378 323 +55 36.6 33.8 +2.8 369 342 +2.7
Feb. 5 1.3 043 8.57 335 332 +03 345 342 403 352 348 +04
Feb. 16-17 58 053 8.66 323 311 +1.2 340 332 +0.8 347 337 +1.0
Feb. 19-20 21.3 1.64 9.76 403 325 +7.8 36.5 338 2.7 36.6 344 22
Feb. 22 198  1.32 9.45 399 391 +0.8 363 350 +1.3 367 356 +l.1
Mar. 1-2 84 093 9.07 404 372 +32 36.1 345 +1.6 367 350 +1.7
Mar. 7-8 1.5 038 8.51 364 372 -0.8 343 345 -0.2 349  35.0 -0.1
Mar. 20-21 46  0.51 8.65 303 302 0.1 334 33.0 +04 338 334 +04
Mar. 25 1.8 023 8.35 29.6  29.7 -0.1 33.0  33.0 +0.0 334 333  +0.1
Mar. 27-29 50  0.56 8.69 31,0 296 +14 332 33.1  +0.1 336 335 +0.1
Mar. 31-Apr. 1 1.4 023 8.36 29.7 302 -0.5 331 332 -0.1 334 336 -0.2
Apr. 5-7 20.5  0.89 9.03 364 287 +7.7 36.1 324 +37 36.1 326 +3.5
Apr. 11 125  1.79 9.90 355 315  +4.0 347 339 +0.8 353 340 +1.3
Max. Max. Max. Max. Mean Min. Max. Mean Min. Max. Mean Min.
During period  21.3 1.79 9.90 40.7 338  28.7 37.1 340 323 374 345 326

TPR, amount of precipitation; PI, precipitation intensity; PKE, precipitation kinetic energy.

F C-SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.

fSWE, soil water content at the end of precipitation; SWB, soil water content before precipitation; 4SW, change content of
soil water = SWE - SWB.
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LFERED, 0.1 m Zo] Bt HafgE ot 2| vrelsith. ZdAgo] lSlselle EY Haleo] 2541 45
PR, PL, PKE7} Yol 2453t Figfo] Yolyt7| w0 & THekETt Table 42} Table 59| AXME v o=, 734912}
O EJ= HRlO] A S AR A= Table 63 2tk 734t EGE HaFE2 0.1 m 701203 m Z

0]9] 3 FiF EF ol & Fofgh A o] A (p < 0.01) AV YR s 9 235 olluzl= 0.1

m o] B Haat-fofet Ao A4 (p < 0.05)& UL, 0.3 m Zo] B Hskdhs foj4de]
Sl Ao ApAS Bl EoRE Mk wizkeh0.1 m Zo]9) A9 ek, A4, A4t wol ] e}

ArAo] 912 B1I5ITE Hawke et al. (2006)0] @71 o5 EF Zol7t Zold4-8 B Wshh 2,
A7 845 H|ei4blael Ekehs Alzo] olckan SHit Tt Liuetal. (2011)2 27] R4t
o] 52 7% FTo] Faslel ESE AT Lelckn Busigict. 3717 dolsE S ste] 24 &

PR Sel uel IEsle] A4oldet A BASE 34 A7t Wad zlow Az

Table 5. Change content of soil water of 0.3 m soil depth as affected by precipitation in different paddy soils during
non-cultivated period.

Date of Precipitation parameterJr FC-sicL’ CL-L CL-SL
Sii:f Hation Pl PKE  SWE’ SWB ASW SWE SWB JSW SWE SWB ASW
mm mmh' Jm®mm' e e % === - % --------
Jan. 13 02 0.20 8.33 343 344  -0.1 337 338 -0.1 304 30.6 -0.2
Jan. 21-22 1.6 032 8.45 332 332  +0.0 329 327 +0.2 28.5 284  +0.1
Jan. 27 1.2 0.60 8.74 33.0 33.0 +0.0 324 324 +0.0 27.8 279 -0.1
Jan. 29-30 7.8  0.52 8.66 339 330 +0.9 336 326 +1.0 29.1 28.0 +1.1
Feb. 5 1.3 043 8.57 339 337 +02 335 334  +0.1 295 294  +0.1
Feb. 16-17 58 0.53 8.66 33.7 334 +03 329 329 +0.0 283 284 -0.1
Feb. 19-20 213  1.64 9.76 345 336 +0.9 341 329 +12 30.1 284  +1.7
Feb. 22 19.8  1.32 9.45 348 347 +0.1 343 341  +0.2 3.3 31.0 +03
Mar. 1-2 84 093 9.07 353 352 +0.1 343 343  +0.0 3.7 319 -0.2
Mar. 7-8 1.5 0.38 8.51 348 354  -0.6 340 343 -03 309 314 -0.5
Mar. 20-21 46 051 8.65 337 341 -04 322 322 +0.0 268  27.1 -0.3
Mar. 25 1.8 023 8.35 335 336 -0.1 320 321 -0.1 264  26.6 -0.2
Mar. 27-29 50  0.56 8.69 333 334  -0.1 319 321 -02 262 265 -0.3
Mar. 31-Apr. 1 1.4 023 8.36 334 333  +0.1 320 321 -0.1 263 264 -0.1
Apr. 5-7 205  0.89 9.03 351 335  +1.6 326 315 +1.1 26.8 255  +13
Apr. 11 125  1.79 9.90 359 354 +0.5 328 329 -0.1 272 273 -0.1
Max. Max. Max. Max. Mean Min. Max. Mean Min. Max. Mean Min.
During period  21.3  1.79 9.90 359 342 330 348 332 313 323 29.1 25.3

TPR, amount of precipitation; PI, precipitation intensity; PKE, precipitation kinetic energy.

F C-SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.

fSWE, soil water content at the end of precipitation; SWB, soil water content before precipitation; 4SW, change content of
soil water = SWE — SWB.
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Table 6. The values of correlation coefficient (r) between the precipitation parameters and change content of soil water

(4SW).

Change content of soil water (4 SWT)

+ 0.1 m depth 0.3 m depth
Parameter ;
FC-SiCL CL-L CL-SL FC-SiCL CL-L CL-SL
(n=16) (n=16) (n=16) (n=16) (n=16) (n=16)
PR 0.745%* 0.784%** 0.751** 0.702%** 0.691** 0.733**
PI 0.617* 0.513* 0.534* 0.464 0.385 0.455
PKE 0.621* 0.521* 0.542% 0.468 0.391 0.460

TPR, amount of precipitation; PI, precipitation intensity; PKE, precipitation kinetic energy.

T ASW, change content of soil water = soil water content at the end of precipitation (SWE) — soil water content before
precipitation (SWB).

fFC—SiCL, fine clayey and silty clay loam; CL-L, coarse loamy and loam; CL-SL, coarse loamy and sandy loam.

I Correlation coefficient (r) was determined by Pearson correlation analysis to evaluate the relationship between parameters.
Results were evaluated with 95% and 99% confidence intervals; *, significant at p <0.05, and **, significant at p <0.01 level.

Conclusions

2 Ao = =E S v R 713 B3 S Bo| AR E o] 85te] S, EE, EYRE HSkE XAl
B, AL Q) EORL I o] AFahytA) )
19 1956 4¥ 12971A] om, 712 571t A S AT S7 oot Q7717 59t S84 52 CL-L (A1
A-UE) > CL-SL (AFFE-AKSE) > FC-SICL (A E-rAEAYE) A1 Ith FC-SIiCL, CL-L, CL-SL 3 &7 EY
W B WL AR BRI, 0.1 m Zoo] EGrt A2 #ste] w71 jIZhsHA| HE-8-5heint.
AL 9 Z]od EoRL I o] ARhkA| ZAMo|A] FC-SiCL, CL-L, CL-SL 9] 0.1 m, 0.3 m, 0.55 m, 0.85 m,
1.25 m ZJo] BF EGR Lo} A7t i1 2 G015 A o] A (p < 0.01) 2™, £5]0.1 m Zo|9] EF2
TP VIR 0.9 o] T2 AdTATE Ut EFE0 3 AA1 3 S5 ES 25 0.1 m ZolollA 24
Hgo] et 7 RiztsHA] 8ot Sint. B 0] 0.3 moflA] 7F4=2] Jeko g2 Bt vish Uelth ESF
o] B3t 4= Q= |l 4= ffdo] qle B g Flapdo] Erjete i Eofa-iataol wiet E= sk
of| zto] 7} vrebstt. Zradat Eda RS2 0.1 m Z10120.3 m Z10]9] 3 7 EF oA 12 Folet A
O] A (p < 0.01)F L, 7354 E E 725U A1E 0.1 m Zo] EE vstegat f-olgt o] A (p <
0.05)°] UEFTE 7= Bl 8 552 ke 598t QIxtelH, BI7E 2 7171 St AS = EYr -2 3
A7) = 9 stk 712 A5 @ Siito] S7Foh= 393 492 7hao] EAE A9 e tiElr 2a

J &4 RIAte]| whet EGRERE Aol 7 R & s ARl T
.

=
o
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