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ABSTRACT

Water scarcity, which is exacerbated by climate change, poses significant challenges for agriculture, which accounts for
more than half of global water consumption. This study investigated the water balance of early-maturing rice cultivation over
three years using weighable lysimeters. Cultivation periods were classified as optimum season (OS) and late season (LS), and
the analysis compared sandy loam and silty clay loam soils under continuous irrigation (maintaining a 5-cm water level).
Water inflow and outflow were calculated based on changes in lysimeter weight. Sandy loam demonstrated higher water inflow
and outflow compared to silty clay loam, mainly due to its faster infiltration rate and greater subsurface outflow under
continuous irrigation. The OS cultivation period exhibited greater water inflow and outflow than LS, which was attributed
to higher OS evapotranspiration rates. The crop coefficients for OS were 0.97, 1.21, 1.61, and 1.47 across growth stages,
peaking mid-growth, while those for LS were 0.86, 1.29, 1.26, and 1.45, with the highest values appearing later in the growth
cycle. Water requirements were calculated as 4.7 mm day” for OS and 3.8 mm day” for LS, with the highest demand recorded
in 2020 due to increased solar radiation and rainfall. Overall, OS required more water than LS due to higher mean
temperatures and cumulative radiation. These findings offer valuable data for water resource management and adaptive

agricultural strategies to address climate-induced water scarcity.
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Qe 713e] APl GEFe W Ao sjFust
we} A D AR 27 o Wabt TekT
1o ™o et al.,, 2023; Lee and Kim, 2008) 2= A3}
gt Aszol SEHA &2 BF B H FHol g
o] X]A] Hth(Hanjra and Qureshi, 2010; Kim et al., 2018;
Ok et al., 2019).

L w0 v 2%, 2% BAEOR TR
T A3 OFoA 2AYZTE BSAIZE HE Folth
2010 +7E 201987H4] SRHYFO] 84.1%2 7 B2
W A7} o] 2o 1 Qloy, HT 24 A &3 9%
z7], 7] 4 97| AujeF Zo] F2o] wet o|FAIV|E
oeEdt 4= 9 RAYE ¥ Y7} Z7tstk QT R

o o2 o ujs] Au7|zto] HEEo] WS WA &
AE 29 4 9om, 71E FUAS A5 Auo] B2
wEY 9 52 HE B 52 2% 4 ArkLee o

al., 2022; Nam et al., 2013, 2018; Park et al., 2020,
2021). 4% He] A7 AFE GRE FANAT B
H EFF5 MY A5 =L e 7 a s UE

9% A4e £5% AdAolth 18y W @54t
HE =g & Q77 211 7|23 B 2
2 714z A0 UztsHA §k&-sh= AEol™ Djaman et
al. (2018) Omaid et al. (2018) 5 ofg] ATLof|A] ulH
9] 71%E BEAI9E W, F2=7} Asd] wet S
ik S7HR, & APl $71E 08 Histal gl
of Z|ZHzlo] wE W &0 A & BT A7t
Q35ltH(An and Cho, 2010; Jo et al., 2023; Lee at al.,
2012). 2|, & B8FE ofolr] gt =2 o]
Alu|E 7} &dhs] 85T Qlth(Anapalli et al., 2016;
Kim et al., 2019; Meiliner et al.,, 2010; Meissner et al.,
2010). SF4] ZHo]AlnEl = 2ol AnE 9] & F/=E S
cho]] Ax= ZE=A(Load cell)2 &85l AA7to=
FA H3E &3l A A 2 EFY F7 ols= A
k= Aldold, 7A ¥gkE &3 & AdTH & &Y
< 57452l ¥ 7I2E(Tipping Counter)& &3f A5t
FEFE geoto] 7hsste] E4A] Aol &ol3h =]
Qo solAuE ATE wE BN &
= F27F DX 9HKim and Lee, 2022; Oh and Koh,
2020; Seo et al., 2020) Efo] I #E FL, EFSTE 0]
= oFAlo] HFS w|Rch(Jung et al., 2015; Ok et al.,
2018; Seo et al., 2017). M| EFOF ZAE o] &=
Hn &t 4] golAlnE = AHAGH o] EFO 7]
53 fASH] 2o AFEYT ot =2 HE4T
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AeFd-S HATHOK et al., 2018; Seo et al., 2016, 2017).
EAS 2oste] B o|gtehd] EA AT ¥ =1
EGoAY ZAEAS, 254 74 5o $REHL o
H(Kim et al., 2019, 2023; Ok et al., 2018; Tall and
Pavelkova, 2020), AAS &85t EJLE o]l EA o
T Zes] AYPE L Ach(Seo et al., 2016). ESH SH
ARG A 2HeHe TeR F|Z2Euate gl 420
SAEF A AdFE g $ET ItHKim et al.,
2018, 2019, 2020; Seo et al., 2020) ZTFA] gfo] A0 H
£ 9] 4201 997 % £01% 49A02
o % 9ol SAe BF A 7121 AT sa0] 7}
otn AHe BEEE o Aol REsct
(Han and Seo, 2019; Liu et al., 2020). ©r2}A], 2 Lo
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B odRL AREUANE 957 FUEATY
(National Institute of Agriculture Sciences, NIAS)ol 9%
SHRIE 35°49'29", AX 127°02°46") S3FA] =EOF T}

O] AJu]E|(UGT, Germany)ol|A =t} FF2] o]
AlREE EHE 1w, Zo] 1.5me] Y45y A|E=, 30
Jelz Ans Aol R Ao =EYl FHH
of QUtk(Fig. 1). EF AR A2 U A2 QoS o) B
E(10 cm)s RS, AL Hmeke §A5t0] AW
oottt 2EA(Load celly AA|ste] FARIE &
o A WA, FUARe AdReE 2F0
(Lee et al., 2017; Ok et al., 2018; Seo et al., 2016) E] 3
7+2-E|(Tipping Counter)Z A& AH5o2 7|&
Skleh A #FAGE 60 L AT o] 39510] 214 74
£ 270 Agelolch B F94] SolAnlEE Ok o
al. (2018), Kim et al. (2023), An et al. (2023)2] ATLo]A]
eu mFolh

22. A7 %= H X2 UH

ATHEL 2BF 2 20194,
20204, 202241 371 <t ATt 2719} T Ay
2 RIS FRSAT A7AEE 22t 20199 59



SZA ElOIAO]E

mju
]
0P
rot
i
=
>
N
=2
i

%

=
O
=
1o
M0
ne
i
ol
~

135

(a) Weighting lysimeter

(b) Overview lysimeter

Fig. 1. Information of lysimeter station

319RE 99 49, 2020 5 20¥EE 9Y 10Y, 2022
9 59 23UREH 949 7¥olglen, v = 20199 7
4 10¢EE 1092 16Y, 20208 7€ 1045E 10¥ 14Y,
20229 7€ 1145E 10¥€ 129710t} ASEA= 4
§717+& Faste] GRRAE B9 237 ~ 297, &
FB471, 71, 557] 4DA R FESI T, E27)~
24719 FB7 = HAREYVE 7IHE RS
I, 58487 W= 30~40Y8 AfOlE, ALY
60% o]l Ho| {7t FAE= AH, E571= 40%
ojAto] hQ= AIZI7HA & St 5571+ &57] olF
o] 7|12te 2 Asilon suFEe 5 SIS
E IS o L=

A5 BEAEHE F85te] st FES H]
2AEALY] EEAEEE F|ENPK = 11:4.557kg
102", EIFTF 500 kg 10a'7]E)0] Esko] A&t
WS ASIN(ESTH 5em FANE sh3lon B4
2 AM¥E(Sandy Loam, SL)?} ©|AFIAIFE(Silty Clay
Loam, SICLYS AFgSlith A8 o] Zeja &
/d& Table 1°] Yeplon B4 H[SHH(Gee and
Baude, 1986)0f w2t ®2, ujAl, HE Hl&S APY5Ho
)29l EAAZEH(Soil texture triangle)ol| wEt 2
AolFct. SF YW= Fol(Blake and Hartge, 1986)°]
we RS,

Table 1. Physical properties by paddy soil depth of weighable lysimeter

Soil depth Bulk density

Particle size distribution (%)

Soil 3 Soil texture
(cm) (Mg m~) Sand Silt Clay
0~19 1.11 5.9 64.1 30.0 Silty Clay Loam
19 ~ 48 1.38 5.3 54.5 40.2 Silty Clay
SiCL 48 ~71 1.37 2.7 55.1 422 Silty Clay
71~114 1.40 3.9 58.7 374 Silty Clay Loam
114 ~ 150 1.40 4.6 59.1 36.3 Silty Clay Loam
0~13 1.20 52.6 374 10.0 Sandy Loam
13~28 1.33 52.8 39.2 8.0 Sandy Loam
28 ~ 69 1.41 50.1 40.9 9.0 Loam
St 69 ~95 1.36 61.4 32.6 6.0 Sandy Loam
95~130 1.40 59.8 342 6.0 Sandy Loam
130 ~ 150 1.42 57.4 34.6 8.0 Sandy Loam
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2.3. 714H0[H =X

713dolE & 2ol AlulE AA Qle]l HAFE 73T
oA A v Auj7IZE B BT F&, ARF T
o] 713AEE ATEAR FHste] BEAsHa, B4
(1991 ~2020)7t Hwsl7] s AF7YHE 7E0=
19919 2E 20208 A=E 3510 8519t

24. 25X, X2, 2 Y MY UH
2.4.1. 25K H8

E4A|+= Klammler and Fank (2014)7} A|QsE O
2 Argsied Agae A ()3 ek

ET=P+I—-D—R (1)

o]7] 4, ETE Z2A¥(Evapotranspiration, mm day™), P
= 7}=eK(Precipitation, mm day™), I'= 7] =¥(Irrigation,
mm day”), D= A]5}-8-%%F(Drainage, mm day”), R A

F-8 A (Runoff, mm day™) o]t}
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1,522.0 mm, 1,694.7 MJ m?, 20229 25.1C, 691.2 mm,
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T2E= A RS A7 o)A 0.1 ~1.3C &9k
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o} =R UARFS 201993 2020 0] A 7| AjuRol| A 2zt
200, 400 MJ m™ 29kl 2022192 T35} 2pol7} gloirh
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26.47T, 202202 224, 28.1, 26.1, 26.0CE 20222 A
Ot U] 2404 &57]9] 7Y =0T 571 7
Y SheFE 8 20 E 2E7 EoH 2022W-2 t
£ d=o] H5j 64 skeiE 79 T80 2T =
of 34719 7MY =t ASHAE e 4%
B 2027, 239.0, 71.7, 261.4 mm, 201992 76.2,
161.8, 4.7, 1232 mm, 202092 193.0, 379.0, 195.0,
755.0 mm, 20229 189.6, 33.3, 94.7, 373.7 mm=E 2022
A A Qe YA AroA &7 7P 11, 2022

=

de 94947100 Mg AL FoFe BTk RAAN

TS BASE A3 UL 621.7, 410.0, 138.0, 476.9 MJ
2

201932 601.8, 349.6, 164.1, 421.8 MJI m?, 20204
S 846.4, 283.7, 81.6, 483.0MIm? 2022W-L 633.6,
247.6, 238.3, 499.0 MJ m>S H At} w7l 7% BS
Ao HHFE9] F9, HUL 27.0, 25.5, 227, 18.8C,
201992 27.8, 25.8, 25.9, 22.0C, 202092 25.0, 28.3,
26.3, 19.1T, 2022W-& 27.3, 26.5, 22.9, 20.3C 2 Vel
I, 9o AL HELS 313.5, 204.6, 32.1, 96.8 mm,
201992 1929, 108.3, 47.5, 277.1 mm, 2020¥<
1,057.0, 30.5, 105.0, 97.3 mm, 202232 137.1, 261.6,
503, 87.1 mmE EYo}. FA AT 24T 23 Hd
2 621.7, 410.0, 138.0, 476.9 MIm?, 201992 601.8,
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Fig. 2. Comparison of average temperature and cumulative solar radiation, and precipitation between normal

years (1991 ~2020) and 2019, 2020, 2022 year

349.6, 164.1, 421.8 MJI m™, 2020192 846.4, 283.7, 81.6,
483.0 MJ m™, 202202 633.6, 247.6, 238.3, 499.0 MJ m”
< Hloh
AF718dE 71202 BW(1991 ~2020)7} B wsko]
B2t A9, FALARS B4 2, 342k
20199 7€ S<5E HEEY 5900, 202082 A
HHAo® PyHoh W2 B2 s Bt 202292 B
A AR oY 69 S5 ~78 S5 9 Sl ¥
AET oA 290t FAAARES A7 AH 7]E 2019
d, 2020, 2022 Z+Z}F 93%, 86%, 66% T=O 2, T

el 712 ZH2E 88%, 82%, 85% $+F O 2 HE HFHTH
2okt & A2 A7 1A oA 2019, 20204, 2022
A Z+z A 47%, 148%, 86% 423, k7] Afufol A
88%, 200%, 83% =0 & 2019WF} 2022¥L HYH T}
AL 202082 22 FeoER W2 A9FES 7=

shoiet.
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Table 2. Comparison of water balance on different paddy soil texture and cultivation periods

(Unit: mm)
Soil Texture
Water balance SicL” SL™
Optimum Late Optimum Late
2019
Effective precipitation 351.5 426.3 345.7 434.1
Input (mm) Irrigation 335.8 174.1 526.3 458.0
Total 687.3 600.4 872.0 892.1
Drainage 91.7 77.6 352.1 552.1
Evapotranspiration 594.5 538.1 551.7 444.1
Output (mm)
Runoff 27.1 0.0 0.0 0.0
Total 713.3 615.7 903.8 996.2
Total water balance (mm) (Input — Output) -26.0 -15.2 -31.8 -104.1
2020
Effective precipitation 592.3 365.6 593.7 382.0
Input (mm) Irrigation 257.0 179.5 233.0 154.0
Total 849.3 545.1 826.7 536.0
Drainage 216.2 27.4 335.2 356.3
Output (mm) Evapotranspiration 686.9 631.9 638.7 535.7
Runoff 806.8 817.2 847.0 725.5
Total 1,709.9 1,476.5 1,820.9 1,617.5
Total water balance (mm) (Input — Output) -860.6 -931.4 -994.2 -1,081.5
2022
Effective precipitation 493.0 405.7 521.7 328.5
Input (mm) Trrigation 398.5 89.0 538.4 405.9
Total 891.5 494.7 1,060.1 734.4
Drainage 122.8 34.7 329.5 344.7
Output (mm) Evapotranspiration 654.8 491.9 637.5 481.4
Runoff 167.0 138.5 96.0 92.6
Total 944.6 665.1 1,063.0 918.7
Total water balance (mm) (Input — Output) -53.1 -170.4 -2.9 -184.3
“Silty Clay Loam, ~“Sandy Loam
B WS AskrEde] Aoz 7l OH UAMAGE d2 EAA J"Jr FEF Aole o
o Al 8 £ SU%E fEe bl Agion, A GE Adst Gl 4

o ARFEL DARAFERDG 4RH0E Begel

woUg A5l E4HE &7} Wet X

Sl B

oA =4t

olof e}
Ehuteh A7) B4

2712 & FdFol =4 Y
A& vAMAAFE -860.6 mm, A

Ou, Chae and Kim (2001)9] JdFoAE A9k2 EQkH
o AH EGolA AshEDe] o =2 AoE UER
th 2 Ao e AGINE A2t XstrEFo] =
=75 WALE £ 714 E5AE tIAHEASE
—26.0 mm, AFYE —-31.8 mm, T7| A} E42= ujArE
A1OFE -15.2 mm, AFFE —104.2 mm S BT} 2020
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OFE -9942 mm, TH7|AH] E4A|L u|AARGE -
931.4 mm, AIJE -1,081.5 mmE & {YFH} & 5=
Zo| o ol 7¢T 8¥of| oY W FE s
A ESAZo] =9Qt7] wjFoltk 20208L 2019d 7}
2022d0] H]of ZF-e-Fo] A7) 9 v BE 2~ 38 =2
e 2ol A= =(H7]-717] B 1,410.4 mm) 2Ho|A|T]
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g HA 915 2t ANEE §FAEE gol BU
o AEFAFS Alote] EFAE APFstH 272
71202 mAEAFELE -53 8 mm, AFFELE —147.2
mm, 7|8 7]E0 & vAMHAIYE -114.2 mm, A
EL -356.0 mmO.2 UERGTH 202292 2019d 3 SAF
S Ao w A7|Auiet w7 25 BN} X5k
S0 Xo|2 Qo] AFENA H 2 E YT &
FEFE YT AEiAIZE v wA], A7) Aol A
b 52 & 9% & 92 UEo @A R
o A7) eol A §BAFo] thad =9k= ol A%
o[HEZ} ARt Al7|o] Ea=9lo] whE Afolof o7t Ao
2 HoEw, nAMAGES} AFEY |ARFF Alo]
T olet T2 o|fel AeR wHHEh A7 E5A
L ARG E -53.1 mm, AFSE 2.9 mm, TH7|A8)
E4A = nAFEAE -170.4 mm, AFYE —-184.4 mmZE
ettt 395 & FYHET E fE%0] =oF 29
EA g2 Yeiglen, EZoA= AskaEEe &
o|F WAMLA|FEHRTH AFE A, AujAl7]= 20199
AMAFES A9t R0l &2 wh7| A ue
A &9 EA Fol =9t A dEE H|wstgS W, &
A gk Apol= Ao WE Apol2 FEFA A

a5 379 9ol wUt

3.3. THHAIZI0 2 WREHIY XEAS U 8 TR
3 A

A 710 T AASTAE ¥ AEATE Table 39
YEH et Bt E37] ~ 297], 034871, =
71, 571 4dAR FESIT A7 A 7% A
=097, 1.21, 1.61, 1.47, 27]A8 7]& 0.86, 1.29,
1.26, 1.45% AP = QI A7 A ue}t vh7]A8) K57 22t
7] ~ EL7] dACNA 7P R AEASE B, A7)
A= 5710004 161, B2 5571004 1452
=2 AEATE B AEAre Ve A
S vz AgstEg AE0 Ae 714 e49
FFS @o| wop tiFEe] AEAeE 270 B 7]
2 4FE 52 FZEASE Holed B dTZAAE
FAFHAl UEbgTh 4t AS] ZAEAS Hele A7)
0.95~1.61 Z-7]AH8] 0.87 ~ 1.45 HY=Z JEPITh Yoo et
al. (2006)2 Penman-Monteith (PM) 23} FAO Modified
Penman (FMP) 3410 % o|FAuje} G2 upfulE
Hoto] A= 97119 ZHEAS9] Bt APStRlon o]t

ZER-PM 0.78 ~ 1.58, o] A H|-FMPX 0.65 ~ 1.35, 4=
Aotz E-PM 0.87 ~ 1.74, B4 T4 vl-FMP 0.70 ~ 1.58
o HYAE Aot FTAEF B W= 4231~
560.5mm HeH, & A9 FTARF Hel= 4441 ~
686.9 mm= 2 A-FofA tha &, AEA ST A
st H9E  YEeEbgth  Tyagi et al. (200002
Penman-Monteith 7]& 1.15, 1.23, 1.14, 1.02,
FAO-Blaney and Criddle 7]& 1.11, 1.19, 1.09, 0.97,
FAO-56 7|2 1.1-1.15, 1.1-1.6, 1.1-1.3, 0.95-1.052] ¥ <]
2 2 AFEAREG S0 w1, BS55-F70=
2 2 Bolow, AEASE A g wt ozt
AYStth . H 375} t}. Kumari et al. (2022)+= o] A|U]H
£ &850 AA| ZEAREF, FAO Penman-Monteith@}
Pan Al¢E &8&5to] ZHEASE APFst] A4 52
Fystelon A-toA AAIRE AA| SEARFS 113+
0.13, 1.27+0.2, 1.23+0.16, 0.93+0.182 X A7LHT}+
BEZ700= =1, $70°= tha LRANE dHE
S7HE QI A&F7100 ., 5270 A& AT 7
A SO W2 AEASE AP FASIATE Aol
29 AEA ST A AP E FE2 Eo] ZAE] 2
7] HiZolgta Histeled], A& ERHE T 4
&, SHEgo| Gstng AEA SV digE THs
go] S ALoE WorHr
£ Auistr] g & & /S AEE A3k, 47
L 4y 4527 mm, 20194, 20209, 202232 z+z}
430.6, 615.2, 450.7mm, T7|AHiE FHW 370.4 mm,
20199, 20209, 20222 ZH7}F 335.1, 490.5, 306.2 mm
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Fig. 3. Projected average temperature results according to KMA climate change scenarios based on RCP
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Table 3. Comparison of water requirement of rice for normal years (1991 ~2020), 2019, 2020, and 2022

Stage of rice growth

o Panicle . L
Tillering . Heading Ripening
Formation Total
Optimum Season (mm)
Date 05-31~07-03  07-04 ~07-28  07-29 ~08-05  08-06 ~ 09-04
Crop coefficient 0.97 1.21 1.61 1.47
DAT" 1~34 35~59 60~67 68~97 97
Normal years
mm 128.8 114.2 52.6 157.1 452.7
(1991 ~ 2020) .
(mm day™) (3.8) (4.6) (6.6) (5.2) 4.7
DAT 1~34 35~59 60~67 68~97 97
2019 mm 124.5 98.7 62.5 144.9 430.6
Water 1
. (mm day™) 3.7 (4.0) (7.8) (4.8 (4.4)
requirement
DAT 1~45 46~70 71~77 78~115 115
(average)
2020 mm 168.8 1354 46.3 264.8 615.2
(mm day™) (3.8) 5.4) 6.5) (5.2) (5.4)
DAT 1~36 37~52 53~67 68~108 108
2022 mm 128.6 72.9 83.4 165.9 450.7
(mm day™) (3.6) (4.6) (5.6) 4.1 4.2)
Late Season
Date 07-10 ~08-12  08-13~09-06  09-07 ~09-14  09-15~10-14 Total
Crop coefficient 0.86 1.29 1.26 1.45 (mm)
DAT 1~34 35~59 60~67 68~99 99
Normal years 114.2 110.8 52.6 157.1 370.4
(1991 ~2020) e ) ) ' ' '
(mm day™) 3.4 4.4 3.7 (3.6) 3.7
DAT 1~34 35~59 60~67 68~99 99
2019 mm 104.4 94.9 26.5 109.3 335.1
Water 4
) (mm day™) 3.1 (3.8) (3.3) 3.4 (3.4)
requirement
DAT 1~34 35~49 50~57 58~97 97
(average)
2020 mm 132.9 98.9 51.9 206.8 490.5
(mm day™) (3.9) (6.6) 6.5) (5.2) 5.1
DAT 1~30 31~46 47~57 58~94 94
2022 mm 85.8 53.0 32.0 135.5 306.2
(mm day™) 2.9) (3.3) 2.9) 3.7 (3.3)
"DAT: Day after transplanting
2022499 £AF B2 E4AE HlustRoH, A=A of &37] wW& = 4gA4 9 ¥ A

9 2 Wewke v WISk B4AE WA A5t
92| Aol Qste] mAIAFERTE AR
2 Y% 2§25 By ok RegFl
AopEolA AN FERT 4o BErsE
JbulEng AsheE W] wod AstaEwol ¥
248 WAFE EolA bk AHA/ER Bl@3e
& WAL AN §S 2 s 2
F2%2 BYoH ok WA FEAol 47|

SITE

l

O & FotE AEAS
STHAR YA APgS A3k, F71A4H 71E 0.97, 1.21,
1.61, 1.472 JeERGT AL27)0] 74 w1 ALE7]|
7V =t w71 Al 0.86, 1.29, 1.26, 1.4582 27|14
viel g F&F7|o] w2 AEASFE Bt FAEASF
£ 5ol g 9 Axd & AT AT A3t FHU)A
e By gid] 2022492 SAFSIECH 201992 5% &
AL, 202092 36% =2 & LRFE HATH Azt
S wEsto] AYslES wf, Y, 20193, 20204, 2022
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