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Development of Easy Equation for Crop Water Stress Index (CWSlg) Using the
Temperature Difference between Canopy and Air (T-T,) of Fruit Trees
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ABSTRACT

In order to calculate the Crop Water Stress Index (CWSI), it is necessary to collect weather data (air temperature, humidity, wind speed and solar
radiation) and canopy temperature. However, it is not always available to have necessary data sets for CWSI calculation. Therefore, this study was
aimed to develop an easy and simple CWSI equation (CWSIgg) using only two data, air and canopy temperatures. Infrared sensors and weather sensors
were installed on apple and peach trees and nearby a study area and every ten-minute data were collected from June to October in 2018 and 2019,
respectively. A relationship between air-canopy temperature difference and CWSI was statistically analyzed and used to develop CWSIgg using the three
dimensional Gaussian model. The performance of CWSIg: against original CWSI showed R? and NSE to 0.780 and 0.710 for apple trees and R* and
NSE to 0.884 and 0.866 for peach trees. This study found that the level of crop water stress could be easily calculated using CWSIge with only air

and canopy temperature data.

Keywords: Crop water stress index (CWSI); canopy temperature; air temperature; CWSI easy equation

# Post-doctoral Researcher, Department of Agricultural Engineering, National
Institute of Agricultural Sciences (NAS), Rural Development Admini-
stration (RDA)

® Agricultural Researcher, Department of Agricultural Engineering, National
Institute of Agricultural Sciences (NAS), Rural Development Administration
(RDA)

¢ Agricultural Researcher, R&D Coordination Division, Research Policy
Bureau, Rural Development Administration (RDA)

¢ Agricultural Researcher, Department of Agricultural Engineering, National
Institute of Agricultural Sciences (NAS), Rural Development Administration
(RDA)

¢ Agricultural Researcher, Department of Agricultural Engineering, National
Institute of Agricultural Sciences (NAS), Rural Development Administration
(RDA)

T Researcher, Department of Agricultural Engineering, National Institute of
Agricultural Sciences (NAS), Rural Development Administration (RDA)

+ Corresponding author
Tel.: +82-63-238-4162 Fax.: +82-63-238-4145
E-mail: sblee0902@korea.kr

Received: August 31, 2020

Revised: September 18, 2020

Accepted: September 18, 2020

Se|3 2t o] FM $79] sk O WAL, o]
Alofatr] fI8ll 2HaS a2 o= WA A S S7HI71A
W, AeS 2dske U TR A WY AAIE 28t
T} (Dresselhaus and Hiickelhoven, 2018; Bohnert et al., 2006;
Song and Lee, 2012). s08-0] HZ&5H =W & A7 7
ol meh 2 ol vl ), Al ok A, e i
A As}, 7154, SAERE Ask, AE a2 A, B

A%} 5 2Ed s Y thoFs WS e, 2EH0
2 2] AL Ash B A ofslel ele] & 4 qltk

(Woo, 2013; Limpus, 2009).

o] ue e w2 24ake Ho] B WSIT} (Jones
2010). E3, A S5 AE 2ok e e, 2
A THo] T A& Hod LESAS Fu AT 1
AEFA 4= (Crop Water Stress Index, CWSDE AHg5l=
7ol @pAolgkal 31Tt (O’Shaughnessy et al., 2012).
CWSI= =2of it 2H=0] AEHAE 03} 1 Afo]o] A2
o= WHold, tid 2ol &S FA Y= iS4
42 B9l A e e H Ao B85h7] 9%t A4
o] A=At (O’Shaugnessy et al., 2012).
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¢t (Nam et al., 2014), = BRgo] gt 3od 54 A+
(Choi et al., 2017), 24 4+ 7|9 2H& W&l ZUEH
&t (Jeong et al,, 2019), <= A|o]S Y3l vjS0] 45 AE
g2 A= 7 A (Lee et al, 2019), PR w2 F2
H3} L (Kim et al., 2019), CWSI =34 7}7:101] ) o) e
(Choi et al,, 2019), Hgohhio] 4 AEH A H7E At
(Yun et al,, 2020) 5 A& 482 AE ] 2 ©olsly| 93t

z7] GA Y] dq-50] 8= Sl
CWSI 4PgZ fI8liAl= 1041014 15A] o] 71x] ¢f 22t
7] &%=, 7] G, GARF 2P 5 59 AEvE e
3t} (Kim et al., 2019). Choi et al. (2019)= 13& T2 CWSI
AP} vl wsto] 1042 @9 APgellA = oFa o] CWSIE <
4= Qlrhal sFie). T3t CWSIQF YA Atolo] A& Aol A
TEHAZE e, At it 52712 w3} s o] it
SFATh (Li et al., 2010; Agam et al., 2013). 1284 o7
CWSI 4iHgoll= dlole o] #ejet 3 T12jal #4 5 &
ego] Zagt Ao Abdolw, 714dthe] A7} AA| CWSIE
APgo] Bagh A oA | Aol 25k, 55, YA, 35
o] Aokt RS WE = gls Wo] Qlrk ®3t 5] WiE
oflAl ThRt Aol et 7] 25, t7] 55, YA e
FTEHZ 7V 8BS AR 713 YR A or B uo]
e £ Ao sl
et CWSI AFfo] Tath 8ol Gt pelsl
of QlArE Pasjo] AN 4 9= 72 sl Beal
o WErElc 1 ATolAE CWSIeh 4L o] 25
Kjole] 7jo] T2 24 ARk Aole] 714 BRlslol, B
AR o2 CWSIE AFY B 4+ 9l ZHIAS Asin

&1'}1]0

rlo

1. o7 W
1. CWSI AHY i

XL% olol exy} 7| =R} 4~6°C X o 24k
SHES o) 9T, 1~4°C AR Som F4to] o) Hek
b 0] 92 ] Ao 44 AT} Hep} B
Z4to] Mm o 2H2o] 4a AR} A7) e A
004 14}o]9] |42 EH3}= Zlo] CWSIo]t}.
w ?ﬂ-—rL‘ﬂW% HE 9 59 g 5t o] Az ok g9
4= %)= Jackson et al. (1981)9]
L3519t} (Eq. 1~3). CWSI=
H7F @A, o9 37 ‘éWloﬂ% 00 TAQ grom W}
7 QlomE B QlelaE dAlo] 15 Miiday o439l U
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_ (d7-d7)
CWSI= {7 iy M
a7, =r,(R, = G)/YC, @

=[r, (R, - @)/ (YC)] K/ (~ - vPD/(~ +K)] ()

o714, dT= G2 tf7] &%= Ato]2] Zpo] (°C), dTu=
TE LEYAR Qg Fate] HojubA] b= AIZRY] et
7] 25 Afo]8] Zo] (°C), dTi i3t W= Qlsf 4=
2E 27} gl W] g2 di7]&=1te] Ato] (°C), ra=
714 (s/m), Ry =B AU R] (Win'), G %9 H|Y
(W), Y= 37] 9% (Kgm'), Cy= -85 (1013 Jkg - °C),
K& AS5A A (kPa’C), ~= E3l4Z7|9g} 229 H]
(kPa/°C) 18]31 VPDE 3719F A} (kPa)olth.

2. CWSI AMME 2Ist BL|EZ] HiH

A Wz FYQ| S psheIe] AL Aol A
CWSI A4S 9jat U aholck. Al UEe) gle
(Canopy Temperature, T.)i} A]¥ 7;3_,] 7] &%= (Air
Temperature, T,), 5%, QAE, 5, 79 59 7S #=
shglom, 20180 79 12loA] 99 3027}%], 2019 o=
69 190014 9% 07HA] ATE S (Fig 1),

127° 01" 54"

rDlstance 0.15~0.20 m
s Infrared
N\ | thermometer

Fig. 1 Geographical description of study area

& ARHRE] Aol Sl SloflAf oF 15~20 em
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Aoz *M~ 1 Aaf SolH, A|7F Bl HMUr
2“3}01 = tjAro & &gk 2018 ol = & 51, 2019
F 10159 AR thgh g2 45kt



7142 7] 245% AlA (SHT110, Mirae sense, Korea),
UAEFA (PYRANO-70, Mirae sense, Korea), A}7|-2-FA
(WDR-205, Weedam, Korea) 12|31 %<7 (AKitl, DFrobot,
Korea) 5 714 T8 AAE AAsto] 102 (M o= 574

aheict.

3. CWSI ZHHA| st o M3te oy

At BE Hao| e BZ3)
HA 9] Asl7] A CWSE Higtol] WA
Atk Choi et al. (2019)= CWSI9} LAtEke] ARt 7} =11,
ALt CWSIO] A R 23} tf7] 25 2po)7
WA | AL s9lct o714, AARES 53t 7] wA]
o] £ Te|al Aol et 7o) Apol= vrEhA|RE g
dolls AR B350 whe YA Al7I7F Ejede] aeof uf
g} #is}ety] wio] El shazly (1996)2+ Guo (2017)%= A7t
E HYE Bgsto] YA A SshGlh AR A
A7E F2 CWSIZF G2t 7] 50] Aol AJ7ke] 559
upeh At 2320 e 23 2 AR lIsiglet uhebA
Z ol Higt 22 9 F714S Blska, ARt (xF) 3
AL} gi7] 2o Zpo| (y=) 123 CWSI (z3)o] gt 32t

—
ox H
i

1=}

H 7HAIRE 32 B or T 7RsTHA] Eelsto], CWSI
ZFHA] (CWSI easy equation, CWSIgg) 7jgtef &-8351314} 5}
et

AT

CWSIe 7t s A3 B7h= 27445 (Coefficient
of determination, r*) %= Nash-Sutcliffe efficiency (NSE) %]<=
£ AR&stol A5skSiTh (Bq. 4-5).
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Afolof Zgighe UERlth o] % A|&siA fasto] 1841

ALpA 00l ke ghol Ukebsek

TeTy k= -1~0°C 7ol Al oF 36.5% = 7 #8kom,
3Colste] 7k} SCOAE] F7b0] BT 19 HER W)
A2 ZE7F vet TeT,0) 320 thE CWSI9| Rish=
0°C oJ5te] TZIALE OF 0.1 0[5he] B BT, 0°C

oAge] 7oA WAk SulatA Z7kehe Aol vepte
0°C oJAke] FL7tol| A FFHA} (Standard Deviation, S.D.)7}
e~ =LA b=t ol= CWSI Aol Te-T, o] ol YAt
Ehjr /\H:H = :La]jr_ I Eg] r,}ots} g_o]g Odt‘ﬂﬂ-l Hl—7]
iZo= wekEh AR oAM= 6 oo HlETL WO
L}, TeTo7F 6°C o402 X|&al|A] F7lsl= 7350 CWSI:=
S7Fsto] 1o 24 & ZAem whdHEn (Fig 3).
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Fig. 4 Distribution of CWSlge and (T.—T.) over time

7)1Z0 8 upgslo], 4891 o]Ato] Hojw CWSIZ} 7Fasks
Fe7F Yefsitt o & si2st] el CWSIoll A Te-T, 8] X
S 4.89°CE A3l (Eq. 6).

(tim,6f13.85 P +( Te— Ta—4.89 )2
_ 2.9 3.15
CWSI=1.12 : ©6)
(If Te— Ta > 4.89" ,when’ Te— Ta=4.89")
3. CWSIee2 0|88t CwsIe| oS Fot
CWSIgee o]&sto] o5 7I%F Ao tfet AXF &g
CWSIE A5t om, 108 T2 AFJ3E CWSI (CWSIon)
£ Aghow 7gste] ARASet NSES gelsle] me)

AedS Brletelet. AA 717k AAAI2] M= 0.96~
0.30, B3t 0.78, EEHAH= 0.122 rebton], NSE|
9] 0.95~-1.03, BHL 0.71, EFHA= 02302 Lepyt
ok £ AE ZF A59] HelE ®Hu 25% o]Ake] Zho] 0.62
ojafe] gro @ ekl HatEt Fdgte] o & YA

AOo& & uf ZAAA5eF NSE7} Bkt 2 ghe) ¥lert
T A0 RIHAY (Fig. 5).

CWSIge2t CWSIoi Ato]2] A4 A|4=2F NSEZF YA, 7]
2, FE 183 F49 S| JFE wh=A] st
(Fig. 6). YAkt 7] 28|31 5&o] F3to| W2 A=
9} NSEQ] AlfHAl= 03 ofal2 ARtaA|7} oFst A o= o
ERtT] S0l tigh A7 A14=2F NSEQ] A= 05 F=
o] ofgl oFo] A et $42 o2 9459 o
2A vjwd 2 ghe] 29 Wert A7) wiie] AgAA S7t
£ Bt AAs] = tha ojefE Z o8 Bt ot

o4 1.5~2.0 m/s 1ol Al AAAI=2F NSEZ} A LEb
—tﬂ Aolo] T4 A A CWSIg2 d&0] £ AE
Uehfl=A= A&4Q1 dlole o] =31} £40] o a3
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