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ABSTRACT

The reference evapotranspiration (ET) is an essential indicator in explaining the water movement in the
environment. In this study, we carried out to investigate the ET,, which were LYET (reference evapotranspiration
calculated by the weighable lysimeter), PMET (reference evapotranspiration calculated by the FAO Penman-
Monteith equation), and HSET (reference evapotranspiration calculated by the Hargreaves equation), respectively,
and to estimate the relationship among the LYET, PMET, and HSET by regression analysis. Turfgrass was
selected as the reference crop for calculating the ET, by the lysimeters. The experiment period was from 1st
June to 31st December in 2015. The ET in the lysimeter study area (National Institute of Agricultural
Sciences, Wanju; WJ) was compared with that in the nearby Jeonju (JJ) location because of similar weather
conditions. The relationship between PMET-WJ and PMET-]J has the slope of 1.138, the coefficient of
determination (R%) of 0.972, and the relationship between HSET-WI and HSET-JJ has a slope of 0.934
(R?=0.984); thus the fitness was high in both cases. The relationship between LYET and PMET in both soils
(fine loamy, FL; coarse loamy, CL) showed a relatively high R? as higher than 0.9, whereas the relationship
between LYET and HSET showed relatively low fitness (0.676 - 0.736 of R?). According to the month, the
fitness of PMET:LYET was higher than that of HSET:LYET, and in November and December, the R* of
PMET:LYET was lowered to 0.7 or less as turfgrass entered into a dormant stage. The LYET, PMET, and
HSET were found to have significantly high positive correlations with the minimum temperature, maximum
temperature, mean temperature, and solar radiation (p < 0.01) and a significantly high negative correlation
with mean humidity (»p < 0.01). The estimated ET, by the lysimeter experiment was evaluated to be highly
conformable with the ET, calculated by the FAO PM equations. Follow-up studies such as long-term
monitoring are necessary to cope with the changing climate every year.

Keywords: FAO Penman-Monteith equation, Hargreaves equation, Meteorological factor, Reference
evapotranspiration, Weighable lysimeter

The linear equation and coefficient of determination (R?) between the LYET and PMET/HSET
using the regression equations.

X-axis PMET-WI HSET-WIJ PMET-JJ HSET-11
Y-axis Linear equation (R%) Linear equation (R?) Linear equation (R?) Linear equation (R?)
LYET-FL y=1.066x (0.927) y=0.748x (0.736) y=0.932x (0.919) y=0.797x (0.718)
LYET-CL y=1.003x (0.905) y=0.703x (0.709) y=0.877x (0.897) y=0.747x (0.676)

TLYET, reference evapotranspiration calculated by the weighable lysimeter; PMET, reference evapotranspiration
calculated by the FAO Penman-Monteith equation (Allen et al., 1998); HSET, reference evapotranspiration
calculated by the Hargreaves equation (Hargreaves and Samani, 1985).

Twi, lysimeter station located at the National Institute of Agricultural Sciences in Wanju; JJ, Jeonju.

SFL and CL are indicated fine loamy and coarse loamy in soil textural family, respectively.

J Missing data in 27th and 28th November, 2015 at lysimeter station (Wanju).
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Introduction

B2 A8 S84t el Bagh A gioln, ERES FRAMES AL ARRIEE fER
(Hanjra and Qureshi, 2010). EF-7-2 EY 5 ate 8olioke 583 8ulAl=A RAE 4, 5578, T
8 5 & 55714l olsf 2=l &=L (Tinker and Nye, 2000), £ 2H2-2 wijd| =2 sto] Eg=729] 5
(evaporation)¥} 54t (transpiration) 2F-8-0] AojuA| Htk (Hillel, 1971; Scott, 2000). 54} (evapotranspiration)
2 FdeE A 0] 12} Aol A4, 71, 719 50 Faks W= 7HIA oItk (Allen et al., 2011a; Allen
etal., 2011b). 1994 o] A ARIzE7} L 7|5 SHMAF (reference evapotranspiration) -8-017F AR 137 (Allen
etal., 1994), £3] 7] 22534t (reference crop evapotranspiration)< G239t & -5 7104 AJ-80H= 7
5 71AE ] St EGHEH O] S M4 ZiEo T (Allen et al., 1998). 715E SIATF AP 7 VAR E ©]
83 AP5-2lo] A-8-%]H (Hargreaves and Samani, 1985; Allen et al., 1998), A4 22 FAO Penman-Monteith
(FAO PM) 52 (Allen et al., 1998), Hargreaves -5-2] (Hargreaves and Samani, 1985) 5-°] AF&-%]11 Itk FAO PM
TAe Aje]A o7 SRR 7L =11 Jensen et al. (1990), Cai et al. (2007)2} Pereira et al. (2015)2] S5 FAO
PM 5-2]9] 957/ o] H55 v Qlon, Ifjof Ak iRt 271014 FAO PM 5412 B85 7% ST A

RS L

1

Zi_

A dl 224 ASL7F B v QIck (Rim, 2008; Lee and Cho, 2011). Hargreaves 322 H| w4 2.2 = 5ka
oo 7|2 SRS AP 4= Q1= A o] Q1) (Hargreaves and Samani, 1985). oFA|% o5 32412 7]/2t= 7}
Al FE= s A] Hol At ARE7 5351 (Yoon and Choi, 2018), 713AEE 7T A== A1) ZARI A} SH= 214
O] E¢Fel 27do] T YUstx| 7] miioll 54 Ede ol A-8sk=dl etAV et FZols EY S 2ol 5o 4
Ut S-S ot AAES 15 I 2E o] 81t S5 g Am|E A7t =] 1 QItt (Meissner et al., 2010;
MeiBner et al., 2010; Anapalli et al., 2016). “L2{L} T}t EQF 2704 FaF4] 2lolA|nlE & o]-83t 7|5 ?‘?3171‘_}

FAY A= Rt Ao, 2ol AR E of-&sto] AFERt 7| Sl High Aol a7t Ejt 5
7ol A4, 712 5ol 9o = 2HE g Bagh 27 Ol_i (Wilson et al., 2005; Longobardi, 2008; Hong et
al,, 2012), A2 7% St 9dS & 4 ok &5 715985 54917 Aol Kok et 7 5

At Bpafgolzt g 4= Qlok. b = Aol e A, ME TE B &

i A e 2 RS
ol-§Rt S 2719 71 SRS ZAISHL, SA, T4 E}Olﬂ]ﬂlﬁii *JX(JQ e
A

EREERLIEE]

RS-

Materials and Methods

HPAM U AHEY H 7= Z=F2] 2lo]AH|E (Weighable lysimeter, UGT, Germany) Aol 4] 53] %]
o, AR gt o)A H = 5 A5 (National Institute of Agricultural Sciences, NIAS; Wanju, WI)|
917] (£-9] 35°4929", £ 127°02'46", ST 33 m) 51 et Ze4] lolAlu]Es BHA 1.0 m2 Z0] 1.5 m
O] 5P o & AARY Tr= 0] vl Egfo] FX1E o] St 2lolAn|E o] 2 TALL EoRRA| HolE AA7Ee.
& S5}, Bl1B7H (tipping counter)= A[SHFa SRt HolBl = 1A ©9] Bt 4L 02 data logger
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Table 1. Soil physical properties of profiles used in this study.

Particle size distribution

Soil textural family Soil depth Bulk density - Soil texture
Sand Silt Clay
cm Mg m™ %
0-12 1.18 6.8 64.0 29.2 silty clay loam
20-36 1.26 5.8 57.5 36.7 silty clay loam
ff?ne loamy) 36-61 1.34 6.7 56.6 36.7 silty clay loam
61-98 1.32 17.6 55.8 26.6 silt loam
98 - 150 1.43 34.0 419 24.1 loam
0-13 1.27 54.0 37.0 9.0 sandy loam
13-26 1.36 61.8 30.2 8.0 sandy loam
CL 26-41 1.38 472 40.8 12.0 loam
(coarse loamy) 41 - 66 1.34 61.7 29.3 9.0 sandy loam
66 - 108 1.34 69.2 25.8 5.0 sandy loam
108 - 150 1.29 75.7 19.3 5.0 loamy sand

(UGTLog, UGT, Germanay)ll #3%tt. A/go AREH E2 2194 (fine loamy, FL)¥ AR (coarse loamy,
CL) E oA ESFO] Z2]4 E4J-2 Table 10 LRSI Zlold Ee] 2|4 E/42 -84k (bulk density)
@} EA (soil texture)= AR 84U = FoPH (Blake and Hartge, 1986)= ©|-8-51311, B2 H|5AH
(Gee and Bauder, 1986)2 ©]-85to] EYUAHEIL (soil particle distribution)E AP435 & ol= 574 (United
States Department of Agriculture, USDA)2] E/J AFZHE (soil texture triangle)o]] tHet 245t} £ 2lo]AJu|E]
A1} EOFS Lee et al. (2017)1} Ok et al. (2018)2] Aol ARRE HE Q1

]
n
0x
Ho
g
N
0z
A
Hu
4>
i2d]
o
e

B Ao M= 2tolAnfE o] 7] S (reference evapotranspiration, ETy)
AP Sfsto] ZIeEste=A TS AAsten, e AXAM R RSk 7|E2zEoltt (Allen et al.,
1998). Al 9l 7] A3-5-0] SFS1E T afsto] 2015 64 197H 2015 129 31 47FA1 9 K71 52k A+
7172 5ot} AR 0] 7V R el AR[E Aol AR 7S A AR (Weather Information System,
WIS, STA Co., Korea)ollA] 5= otet. A2} QIR M= (Jeonju, J7) X9 9] 7| A HIE St
718781 7VEARANLEE (KMA, 2019)°4 Algste 7 1dA=E w4ttt 88 71Vdtas d+7 R &
Ae120154 69 19456 2015 12 31L7kx]°|ct.

7|1E SEAZE AME 7]F SHAEF (reference evapotranspiration, ETo)< 2015 69 1€5E 2015 12
3147kx] 9] 2ol AlulE HlolE|t 7|2 tm S B-85to] Attt Iti7E AR StolAlnlE 9] 7] SRR
LYET (reference evapotranspiration calculated by the weighable lysimeter), Hagreaves and Samani (1985)2]

z
0

MM

Hargreaves -5-2]°]| W2 7|5 FHPAEES HSET (reference evapotranspiration calculated by the Hargreaves
equation), Allen et al. (1998)2] FAO Penman-Monteith (FAO PM) 3-4]of| W2 7|5 SRS PMET (reference
evapotranspiration calculated by the FAO Penman-Monteith equation)Z WEFH I 2ol A|n|E & -85 LYET
AP35-412 (Eq. 1)7H 23, Klammler and Fank (2014)7} Aot @o|c.
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LYET= P+I-D—R (Eq. 1)

LYET= 715 S84=F (mm day™), P (precipitation)t= 733 (mm day™), I (irrigation)= T} (mm day™), D
(drainage)= A|5F3-E%F (mm day™), R (run-off water)2 A E-3-713F (mm day )2 LERACY
HSET AP4-5-241-2 (Eq. 2)2} &4l Hagreaves and Samani (1985)7} #|$}3F Hargreaves 320t}

HSET= KR, TD""(T+17.8) (Eq.2)

HSET+= 715 S84 (mm day ™), Kgr+= Hargreaves and Samani (1985)7} 0=+ 22| ELo}5= g|o]H] A (Davis)
TA19) 818 7R RE BT AR 3E (71531 0.0023) 0]t} Ryt EIEAE S SRRIF T (mm day )= $HE
§hgkolt}. TD= Y2 (°C)ollA] YRR (°C)E W ZholH, T+ °“l§ I (°C)°H-

PMET AF33A12 (Eq. 3)1 21, Allen et al. (1998)°] A2kt FAO PM Z4]o]t}.

0.408A (Rn - G) + ’)/%373

A+ (14 0.34u,)

uy (e, —e,)

PMET= (Eq.3)

PMET= 715 5041 (mm day ™), Ry A H0 2 AE] EIFEANE (MI m” day ), G= EFE-REEE (M m”
day™), T 22 m 3019 YHHLE (°C), s A2 m 5019 B4 (ms™), e@t e, =22 ES}5719F (kPa),
AARGZ719 (kPa)oll, A= 557|184 7127] (kPa °C), v & ALAVES: (kPa °C')E LHERHLE

EAEA =to|Au]E|, Hargreaves 52, FAO PM 52| 0 2 AP 7] SHPAEF (LYET, HSET, PMET) 7t
Aot YR FLESE 3SR 7|F O] A E Ikt A3 H7 k= SigmaPlot (SigmaPlot 10.0,
Systat Software Inc., USA)S ©]-85}] 3]7E4 (regression analysis)= AAotal 3724 0] AA A4~ (coefficient
of determination, R?)E A5t} T 7|5 S41=F (LYET, HSET, PMET) ¥} 7|AFIZ O] AFHAI S ZAKSHA
O, A= SPSS (statistical package for the social sciences, ver. 18.0, SPSS, Inc., Chicago, IL, USA)E ©]-&

5}o] Pearson’s correlation analysisE A AISH3AT

Results and Discussion

ARX|He 7| Ed AR H AFR S 2015E 69 195E 20159 129 31 97H] 7 VA= (B2
I, QAR 739 Fig. 102k A1 69 195 E 27T A4 5] S22 Alatste] 78 S8 88 S
7HR] B2t =0, 8¢ Sk R 7t A4S Wolr] 7] AlRkste] 129 S5 o] FolleE Fok e E 7155t
71% stk AF717HE9E 10 mm oVY =69 53], 79 33], 84 33], 99 23], 109 23], 119 35], 12¥€28]2
A F202] 71551510 - A Aol ARG Wobslom, B2k 7F Holx] =84 —HTH YA EERF o}
2|7] A2Fetodek. AR S A 7 S 89 SR W2 F Lo, 89 Sk E] 257 AA S A
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Fig. 1. Daily variation of meteorological factors in the study site from 1st June to 31st December in 2015.

Twi, lysimeter station located at the National Institute of Agricultural Sciencese in Wanju; JJ, Jeonju.
TMissing data in 27th and 28th November, 2015 at lysimeter station (Wanju).

sp7] AEete] 129 34 ol ot AR St 39 U] QAkge] RolH on, B2t vop]
L 89 SN E] UANRF R ol AT AT A1 90] 7 S4de] vl 91 4 gl

L4

i

N

AESrHO| M2 J|1E LA Bl S5 (A5 55 Wanju, WJ) 2HOIAR[E] 7 GA|AEHLS
2 H=H 7R 5ol QIFHSH A (Jeonju, JT) 7RSS 83l0] 7|5 RS AEESIT) FAO
Penman-Monteith (FAO PM) -5-2] (Allen et al., 1998)3} Hargreaves 521 (Hargreaves and Samani, 1985) 2.2 /&
S 7% S T A WIEE Slste] 2l EAE AAsHEH. 1 s Aol 71 A& S B 2 & FAO PM
FAS 283t 715 ZSAIEES PMET-WI, Hargreaves 3212 2-851 7|5 SRS HSET-WIE} 51991,

VAR E ARESH 7|5 SAES 712 PMET-J), HSET-JJ 2} 5Ht). ZH2te] 715 SRkt 7t Sl B4 @*16}
o] Ax}A] (linear equation)™} AAIS (coefficient of determination, R?)S AH&51AT} (Fig. 2). PMET-WJ2}
PMET-JJ 9] S|72AS AAG 21} 71:&7]+= 1.138, R* = 0.97224] 727171 ol 7L A AG7 a2 A3
£ YehfIch PMET-WJISF HSET-WJ 2] 3]F1E4 71271 1.355 (R*=0.825), PMET-WI2} HSET-JJ 7]-&7]+&=
1.266 (R?=0.809), HSET-WJ2} PMET-JJ 7]27]= 0.810 (R’=0.830), HSET-WJ2} HSET-JJ 7]27]+= 0.934
(R?=0.984), PMET-JI2} HSET-JJ 7271 1.104 (R?=0.776)-2 LERN AT -24] @ 2] o] thofet ZA0A A
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Fig. 2. The linear equation and coefficient of determination (R?) between the PMET and HSET using the regression
equations.

TPMET, reference evapotranspiration calculated by the FAO Penman-Monteith equation (Allen et al., 1998); HSET,
reference evapotranspiration calculated by the Hargreaves equation (Hargreaves and Samani, 1985).

Twy, lysimeter station located at the National Institute of Agricultural Sciencese in Wanju; JJ, Jeonju.

Missing data in 27th and 28th November, 2015 at lysimeter station (Wanju).
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Fig. 3. Changes in accumulated reference evapotranspiration in the study site from 1st June to 31th December in
2015.

TLYET, reference evapotranspiration calculated by the weighable lysimeter; PMET, reference evapotranspiration calculated
by the FAO Penman-Monteith equation (Allen et al., 1998); HSET, reference evapotranspiration calculated by the
Hargreaves equation (Hargreaves and Samani, 1985).

Twi, lysimeter station located at the National Institute of Agricultural Sciencese in Wanju; JJ, Jeonju.

SFL and CL are indicated fine loamy and coarse loamy in soil textural family, respectively.

J Missing data in 27th and 28th November, 2015 at lysimeter station (Wanju).

O HSET-WI= A4 08 =2 gha UERSIT Hargreaves 3412 -8 4%, 501 &2 A2 M4 B2}
1, ATEETT =AU Ego] Yo d wit) Hriuls 2o 2 H ko] Qltt (Allen et al., 1998; Lee et al., 2004;
Cordova et al., 2015; Kim et al., 2017). Lee and Park (2008), Moon et al. (2013)2} Seo et al. (2019)2] oA ¢
et 5 23S St A 1 RA] 9 0 &2 S17610] Hargreaves 5218 0187t 71 ST A A1, sioHA]
2 T4 AR, WEA| S92 A AP R = Zl e 2 BV E|QTE B Aol A= Hargreaves 541 02 A4 7|&
FAFEO] FAO PM 320U glo| AR = 4SS 7| St Bt 2l AP 21 0 2 yepgt o= 2 A2
2 WIS 0 2] SiotR| HHTh g0 Wol v AP A o & 74 4= Qleh. ESF S0 et = A ERL
=2 2194 (fine loamy, FL) E0] AR (coarse loamy, CL) ESF Brt 25 7% FiteFo] =9to, 770
B A 02 FRSHH F 2to] & Holz] oF2 710 = T Ok etal. (2018)2] A-ollA] EHlS= AHul7 17t -5
DAL AQFE OF ARQFE o] ZSHEAEE 21o]= ¢l © ™, Han and Seo (2019)2] Aol A® B4 8]742f 7171 57t
EoFo] HEG | wE S84 Afoli= UehA] gttt
LYET, PMET, HSET®] &35 H7Igt Ay} PMET-WJQ} LYETY 3S|HEA Ayt FL 7]=7] 1.066
(R?=0.927), CL 7]&7] 1.003 (R’=0.905), PMET-JJ2} LYET+= FL 7]-27] 0.932 (R*=0.919), CL 7]-&7] 0.877
(R>=0.897), HSET-WI2} LYET=FL 7]-&7] 0.748 (R*=0.736), CL 71271 0.703 (R*=0.709), HSET-JJ2} LYET+=
FL 71271 0.797 (R>=0.718), CL 7]-&7] 0.747 (R*=0.676)= L}EFHJT} (Fig. 4). LYET2} PMETE 7]-27]7} 19
7Val B2 AE710.9 ool e HEE vreRd vhH, LYET®FHSET ¥HAk= 71-271 0.703 - 0.797, ZAA<S
0.676 - 0.736 24 /& 0 2 Yo Aot 5 YR SIct. LYET+ y=9l, HSET+= x5l 51 7|2 7]7F 1 B 2Ho

o 12 nE 12

ro e

.
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Fig. 4. The linear equation and coefficient of determination (R?) between the LYET and PMET/HSET using the

regression equations.
TLYET, reference evapotranspiration calculated by the weighable lysimeter; PMET, reference evapotranspiration calculated
by the FAO Penman-Monteith equation (Allen et al., 1998); HSET, reference evapotranspiration calculated by the

Hargreaves equation (Hargreaves and Samani, 1985).
Twy, lysimeter station located at the National Institute of Agricultural Sciences in Wanju; JJ, Jeonju.

SFL and CL are indicated fine loamy and coarse loamy in soil textural family, respectively.
J Missing data in 27th and 28th November, 2015 at lysimeter station (Wanju).

HA 10| 7PAA] 92 71 05 LERY HSETZ | 2l AP R 1-2-2 & 4 131t Lee et al. (2008)Y} Yoon and Choi
(2018)+=Hargreaves 32|02 7| SIAFS APYS 7%, 2|94 7|5 EAJ ol dh=uli7ifias B o] a9k A
QFotgict. =] AollA] Hargreaves 3412 B85t 715 ST B3-S Qlofl 719 270 U= 2| 9 wlj7isi4

£ AASFT} (Vanderlinden et al., 2004; Gavilan et al., 2006; Lee et al., 2008; Lee and Park, 2008; Moon et al.,

2013; Seo et al., 2019). o] A|UES 83t 477 AFE B A& St Q5h, 224 a2 vigo & vy
A A7 s Aol
Y 7|& ZYAEe B Ve SRS dEE S| LYET, PMET 2 HSET 7t 2] #24-& A A
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Table 2. The linear equation and coefficient of determination (R?) between the LYET and PMET/HSET using the
regression equations.

X-axis PMET-WJ HSET-WJ PMET-JJ HSET-1J

Y-axis LYET-FL LYET-CL LYET-FL LYET-CL LYET-FL LYET-CL LYET-FL  LYET-CL

Linear equation Linearequation Linear equation Linearequation ~ Linear equation Linear equation  Linear equation Linear equation

Mo Ry R ®) (R%) (R%) ®) ®) (R%)
Jun. y=1.028x  y=0.876x y=0.700x  y=0.595x y=0.891x  y=0.757x y=0.713x y=0.606x
(6) (0.853) (0.868) (0.456) (0.456) (0.873) (0.853) (0.510) (0.5006)
Jul. y=1.071x  y=1.015x y=0.773x  y=0.733x y=0.995x  y=0.943x y=0.838x y=0.794x
@) (0.873) (0.884) (0.475) (0.482) (0.872) (0.878) (0.410) (0.408)
Aug. y=1.103x  y=1.086x y=0.808x  y=0.795x y=0.986x  y=0.973x y=0.885x y=0.869x
®) (0.873) (0.837) 0.512) (0.510) (0.875) (0.871) (0.458) (0.450)
Sept. y=1.070x  y=1.034x y=0.759x  y=0.734x y=0.898x  y=0.866x y=0.828x y=0.800x
) (0.833) (0.790) (0.486) (0.482) (0.823) (0.762) (0.520) 0.517)
Oct. y=1.052x  y=1.031x y=0.691x  y=0.673x y=0.839x  y=0.826x y=0.742x y=0.723x
(10) (0.829) (0.828) (0.182) (0.129) (0.760) (0.866) (0.144) (0.087)
Nov. y=0.935x  y=0.943x y=0.516x  y=0.521x y=0.741x  y=0.751x y=0.550x y=0.552x
an (0.594) (0.683) (0.505) (0.615) 0.617) (0.737) (0.495) (0.578)
Dec. y=1.134x  y=1.049x y=0.720x  y=0.659x y=0.859x  y=0.799x y=0.754x y=0.689x
(12) (0.412) (0.4006) (0.000) (0.000) (0.439) (0.481) (0.015) (0.000)

TLYET, reference evapotranspiration calculated by the weighable lysimeter; PMET, reference evapotranspiration calculated
by the FAO Penman-Monteith equation (Allen et al., 1998); HSET, reference evapotranspiration calculated by the
Hargreaves equation (Hargreaves and Samani, 1985).

Twi, lysimeter station located at the National Institute of Agricultural Sciencese in Wanju; JJ, Jeonju.

SFL and CL are indicated fine loamy and coarse loamy in soil textural family, respectively.

J Missing data in 27th and 28th November, 2015 at lysimeter station (Wanju).

AT} LYETSFHSET-WI= 71271 0.516 - 808, A7 A4~ 0.000 - 0.61524] 7|-27]2} A4 AlG= B WA et e
o, £3] 1292] A= 0.00022 A EE =567] o2} Aotk LYET2IPMET-112] 6Y¥ - 10¥ 5% 71&
7]+=0.757 - 0.995, A AIG=0.760 - 0.878°1 .., 1193} 124 0] A AIG=0.439 - 0.737=2A] HA 7t w2
7210 2 YePGTh LYETSQFHSET-1J9] 7271+ 0.550 - 0.885, 2774 0.000 - 0.578 24 -2 A& LEhY
Atk LYET2FPMET= 69 - 1092 =2 A& 1197} 1292 32 A =S YER 2l o™, LYET®HSET+
6B E 12971A] B Aot 7F A Ut} FLYFCL 7 EF 7319t Zfoli= Mol x| it k=3t = o &
Oﬂ% Aol /ISR =7 FEHE] B7HA] FR 7ol E017H(Kim, 1991) D AR 2ol & Qlsto] iAol gk
= 7102 IErh Huang and Fry (2000)= Xt AAS: =7 F 54t 92 = A0 2 5130, Bae et

al. (2013)4 ol ST = 108 S5 o1 F o] ARt o] AP AA|IFo] sttt =71 o] % gtolA]
HIE| 2 AP 5 71 S-S Ao A B7Fe B, 195 129717 A 8710k dAtsto] Al 4
5o g Ut ek E3Huld Histol= 7|9 Rste] ti-85k] floiA A7 IR HUE Y 5 54 A7 E st

O_ﬁor

7IE BLAZn J1MQIXIe| MR Y% SN 7RI T FHRAE AR A= Table 37}
LT LYET, PMET, HSET B5F A2, H| 125 B2 = O] F A (p <0.01)
7} Q= 70 2 VR, Bas ok T 2 §oloh 2o A (p < 0.01)7F LFERITH LYETS} PMET:E 784
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Table 3. The values of correlation coefficient (r) among the reference evapotranspiration and meteorological factors.

. LYET-FL LYET-CL PMET-WI] HSET-WIJ PMET-JJ HSET-JJ
Meteorological factor
(n=212) (n=212) (n=212) (n=212) (n=214) (n=214)
Minimum temperature 0.611%* 0.611%* 0.711%* 0.807%* 0.686** 0.805%*
Maximum temperature 0.765%* 0.767** 0.849** 0.934** 0.828** 0.924**
Mean temperature 0.717** 0.717** 0.808** 0.894** 0.775%* 0.883**
Solar radiation 0.933%** 0.927%* 0.932%* 0.837** 0.932%* 0.793**
Mean humidity -0.658%* -0.649** -0.651** -0.556%** -0.451%* -0.262%*
Wind speed 0.023 -0.010 0.003 -0.118 0.144* 0.021
Precipitation -0.295%* -0.329%* -0.243** -0.121 -0.282%%* -0.115

TLYET, reference evapotranspiration calculated by the weighable lysimeter; PMET, reference evapotranspiration calculated
by the FAO Penman-Monteith equation (Allen et al., 1998); HSET, reference evapotranspiration calculated by the
Hargreaves equation (Hargreaves and Samani, 1985).

TWJ, lysimeter station located at the National Institute of Agricultural Sciencese in Wanju; JJ, Jeonju.

SFL and CL are indicated fine loamy and coarse loamy in soil textural family, respectively.

J Missing data in 27thand28thNovember,2015atlysimeterstation(Wanju).

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.

<

FAt V= FOlet FO] A (p < 0.01)7F 3= BHA, HSETSF 7= Aol e Z o = Uit 35
1} 7)1% SATEERS] A A A PMET-1) (89183, p < 0.05) Llell= /g do] UehtA] abaleh 1 71 38
ARFES 25 (Beard, 1973; Feldhake et al., 1985), YA (Feldhake and Boyer, 1986; Kim and Beard, 1988; Beard
etal., 1992), A5 (Beard, 1973; Beard, 1985), B} (Grace, 1974; Grace and Russell, 1977) 5 71/12te] 3k
& T=t Beard (1973)= A7t Hashd S4tdo] S71Rta shal o, 2 ATollA Bas=el 7+ 5
TAFFE Fol AR UePdth $5-2 9al A5 20 SRS S7HAI71A1RE 9al 57t 2olk=

o)

ZUrste wstol] GaRS T2 2ETE (Allen etal,, 1998). F4-2 THE 7QlAet B34 0 2 248 5te] 71 St
=k AfpAdo] LA ghe 7o ghpkect

Conclusions

2 A= FF4] 2Rl AR, FAO Penman-Monteith (FAO PM) %*4, Hargreaves TS O]% }04 7S
=
=

R e i T R
o (ks e, A 2 W) PN SURIRRS T Z7do] vl 91 B (1) A w]Eslglen), 59
A ZFPMET-WI:PMET-1J= 7|-87] 1.138, A7 A4 (coefficient of determination, R?) 0.972, HSET-WI:HSET-JJ
= 718710.934 (R*=0.984)ZA] 237t 22 210 2 LRyt the Akl 241 (R?) 0.7 oV =2 A
S YRR LYETE= 5 E9F (fine loamy, FL; coarse loamy, CL) =5 PMET2F 24A|4=0.9 o0 2 A3
7+ A e, HSETSR= A7 2] 0 2 WA e (278715 0.676 - 0.736). @'E=+=PMET:LYET
AT 7 HSET:LYET Ko} =910 ™, 1197} 129e]l= Z)7E Fr~7ofl HolEHA PMET:LYETS] 28455



294 - Korean Journal of Soil Science and Fertilizer Vol. 52, No. 3, 2019

0.7 oot WobHtt. 7|5 SR} 7|41t 7 Al E LYET, PMET, HSET 25 2| A2, 2|12 Wyt
2k, QAR A 2 Ol O] Al (p < 0.01)7F RS T, Balgeohe A2 oot o] A
(p <0.01)7F HERTE gl Auje 2 AP 715 SAEFS FAO PM 3410 2 A H 7% Skt Aghert
=2 202 yrielo] gt 7|E SUARF Aol Zlo|Aa]E] o8 7Fs/do] =32 ERIstairt. whEtA] 57319
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