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FIZ&B O AS A 387K 73 261 8 (9 2K HCR A 507 T
FIBE T A2, BRI AN R 38K 73 5 A T A
W75 B AR A S A SRR ()5S EURIE T, AT
FAEW KRB ZB OO A (96) BT DL mah
BEATE . CHMER DR 0 DS BE fal AL ] ASHT FUARFE A
BHEBEH 2 Sh el i) R 2B SO 4, Il
i A KRR PRAE AN AL T AR 2 e KT
WY 2 A0, RIFAO-56 52 & N A H
B Bkl 43 U7 100 A N2 AR TR A A B S,
JENLANR IR 3 25 AF T 2 /N2 25 IR (R 0UA ) 2 ks
B BAE) RERAURIBP N CAh & W% 1Y, R4 &
A RKHRI B BEATIAE, A A KRG vt 2 e br it
ITHERIVEAN 55 LU AR

1 MR5REE

1.1 RIE X

R EA T 2T 2 B CEEHE (359N,
113948'E, Kk 72.7 m) i [ER MR ZERCH £ 4555k
6 3 M Y R RIS O AL IR K637 SE . 1% AL T3

YEE R R TS N IR 5 X P, TR K
Bt P 2 S, H RIS A] 2 399 h, PSR 14 °C,
PR M R 582 mm, JoAE ] 220 d, AEIBTEAAHUE
2 1650 mm., &/NE A E KR &N 202.4 mm,
A I B K EEE PR SR 11 A5
m2HAM3 A
1.2 MR 5018

ZRM BN ZE 22, R E 3 MEK TR (4
5 FH B FF /K R 1K) 50%. 60%. 70%) AbEE, A4
O3 REE, BN 1 6 RBAREAZIBN
(BSI-ZSY2019, P E/KHEEHEARARAAD,
B AR 2.0 m>R2.0 m>B.0 m (K< x<5),
A RGEHE R 4.0 m?, TN B E /N X5,
/NXK: 3.8 m, FE 15 m, FH A EE il S 2B O R
AEERARFE—3, T/ NS BT B3R R
RIS CRO7 R A A IR A FD FH LA
TR KRG EABMIE DL M5 NE S BRIV
B GFRIEIE JZ R B 42 A KA 40 om, P A=K
60 cm, ZEK A 80 cm, A KR 80 cm FATREE)
T IR PR BB A E K B ) R BRI, SR
P TRIEENE , WEWEE AT 75 mm, DIKEIHEREKE.
A% T 2020 45 10 A 23 H#E#, 3455 H 27 HUGK.
H AL IR AR 1)y 225 kg/hm?, FERTHEIES— R
AR (EF59 =51%, N+P,0s5+K,0=17-28-6), % 750
kg/hm? BEAT AR, #7480 %UE 450 kg/hm?, -+
PR AL LK 1.

k1 RBREEEFER
Table 1 Physical and chemical properties of soil in the test area

LEREE om  H AR/ (em® em™®) T 28U (cm® em®) AR E/(gem®)  BVURE% ARG E/(mg kgb) HAET R/ (mg kg 3E 2BEE (mg kg

0~20 0.34 0.15 1.64
20~40 0.33 0.15 1.62
40~60 0.35 0.16 1.64
60~80 0.34 0.15 1.65

1.09 118.13
0.96 58.30

236.93 22.73
155.39 11.78

1.3 MEMBESR*%
131 £3EAKE ()

TIEE KRR R K R AL A
A e . [ 10 om A EHCk, MR MR EIT
HEER)Z 100 cm &, A 1 h & 1 K.

132 %#= (ET)

A /N A K A ) 2 SR K 2R B 280840
1h K& L kEdE, WERE RN 0.01g.
1.3.3 t@frdss (LAD 5AEZEZE (CC)

- T AR AR HCR H e 2 0 B4 (SunScan, 9 [E])D
BEATI R, RS 7~10 d MR 1 UK, 2 ORI A R A]
R IR 350 9 i TRIARR 9 28R F 2R MR A A 1 T 545 21
KAMBE T EOE A S, BN 60 ecm 11
18

BREE, REENXN, REE—E s EE TR, R
F Photoshop #fF11) B 77 Bl Zh g 47 b |2 78 76 B 1)
T
1.34 #& (H)

R BRI E, RSB 30 MR AT
&=, HCFHME, & 7~10d W& 1.
1.35 A543

FIH B3 %58 (YM-03W, HEHEHT 25 593 B 7R}
HFHARAFD FEERE X G 8E, EEAHR
H (up, m/s). Sl (T, CO). 8% (RH, %), H
A 1) 45, HrP KBRS (Ry MY/ (m? ) 5L
N Ry=Rps-Ruis  HH Ry NSRS, Ry NI
Pekas, AR AT LL2% FAO-56 U,
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1.4.1 44 F #e %o

HRAET R B 2 A SR A 2SR
278 5 T AN I SEBR AR AR 752 B Y B
KEEEATRI Sy, BB MECh: 121 d (K
WIH: 10H23H—kH2H20H ), 54 d (PLigi A= K-
2H21H—4H15H), 30 d (ZEKhil:. 4H16H—5
H15H), 12d (AKKH: 5H16—27H).
142 AEEHAKEGTHE

HIRAKRAL (FAO) HEFEW 2 - T 2
M TIHHEET,, ZARES THXNA RS, £H

b L OB BIFE A1 M Z R . EToit H a3,

900
0.408A(Ry-G)+ 7 7w (es-¢,)
ETO:

A+ ¥ (140 34u,)
Keft: EToNBH% (EMAICE (mmid); ROMIENER

) (D

T (MII(m? €)); GA L IERGE R (MY (m? d);

TN T2 mis FE AL BT (°C)s u N B 2

mE EAL I XGE (m/s); e AMBAIZKIRE (kPa); e,

RN AKIEIE (KPa); ec—e, NIBAIKISIEZ (kPa);

AABAZKRE SR E R RN R (kPa/T); y

FIREFE AL (kPa/C).

1.4.3 # ERG Wit S AE LA Bt 40 R HOEAR
YR BB R R A Py

ET=ks ko ET, (2)
WERYEX ¢ SItE 356 San S WalbSP
ETc:(ks‘kcb—i_ke) ETO ’ ( 3 )

Arh: ETONEWZERGE (mmid) : EToh S5 1EY)
ZBE (mm/d) 5 kREE AR KB B R AL
kIR R ke WIEREEM R EL: kAt
AR ZRE KR TAEYRE AnfEm g, 2
B REFE , TS G S8 HERTAR,
RGEA R, R, HSZEYEA HR. <%,
. BHESM HEB T A B RS R,
MR RIED I TR ERGUI A X AR &
Ko Wil R Ek i N
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N TAW—Dr’i
S TAW-RAW °
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k=1, (5)
A TAWA S0 20K & RAWS 5 R A 30K
Dy NSBIRAMR X I AE AR
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X ZEWIR R EBIEENZREE: Or 5 0up 7
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DT E AN :

Dy =D, ;,~(P-RO) -I-CRAET +DP; (8)

Xt D AEBIRARRIX ZATHFEKE (mm); Drig
HEFFLRARR X RREFEIRE (mm); (P-RO) N
SR B Y 5 B WY T I b AR IR R 2 E
(mm); PAZEIRB A LIBREEAE (mm); CR;
REEIRH R K EFHREE (mm); ETg 3l RAEPI 25 HL
& (mm); DPNERIR TR IZ ST A AR X 41 2%
KE (mm),
144 BP AIAv% MR K IEER R

AR SR FH 32 BP A1 42 I 48 X6} /N 22 FE 7K B ik A7 A5
ML, SR E o B B A . N T R
AN, PA2020—20214F & /N EE KRR BT
& M12019—20204F K FH & /N 22 A K ZE 78 HiUE At A
Tt (N 25 A R Y ZRFE A T 2 AR, BL2020—
20214 K HH A/ 22 HE AR ZR IR A g b 8 I 28 A B A
FEA, XPBIAY M e AR AT IR -
1.4.5 B AIEN AR

155 8 P 48 A5 B 45 111 )3 & 20 (Coefficient of
regression, b), iz &% (Coefficient of determination,
R?), ¥J77#i%% (Root mean square error, RMSE),
FH2axTi% 2% (Average absolute error, AAE), —3{
PEFEH (Index of agreement, dIA), #44H %% (Nash
Sutcliffe efficiency, NSE) FH$5 77 #1522 UL R b HE
Z % (RMSE-observation standard deviation ratio,
RSR). 1, by R®. dIA #3%iF 1, RMSE Ml AAE
T O I, BERLLSE AUBRLF . NSE 5 RSR A 7 i
W 2.

& 2 AR AGARTE B R AR
Table 2 Model evaluation index range and

corresponding fitting effect

NSE & RSR & [H R RIR
0.75<NSE<1 0<RSR<05 B g R
0.65<NSE<0.75 0.5<RSR<0.6 AR R 1T
0.5<NSE<0.65 0.6<RSR<0.7 DL SR — R
NSE<0.5 RSR>0.7 BRI ZE I 2
1.5 HBUEALIE

i F Matlab $24E N TR 4 T 246 1E4T BP
N T AR L R R 857, SR SPSS 25.0 Ff 7 i
NEEZEHEE (LSD) #4722 R tEfuis, FIA Excel
BEAT Bl B P - S 8
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Fig.1 Variation of meteorological factors during the whole growth period of winter wheat
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Fig.2 Variation of leaf area index, plant height and daily evapotranspirationof winter wheat under different treatments
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TRz MR REER.
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HOX — B B R S RS L YRR T I AR
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TE LT, 15 S0 E5 FARAT - Logistic ZE K2R3 4,
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H 23 H—2021 45 A 27 H )% %4 476.58.420.66.
378.31 mm, AHFFiHHT 5 G CHEAL LLRT T70,
T60. T50 AbHEZE#UE & (2020 4F 11 A 2 H—2021
5 A 27 H) 4514 460.40. 405.22. 362.56 mm.
AR (2020 4F 10 H 23 H—2021 42 A 20 H)
H 78 R AR B, BRAEFIIHA R A H 28 §cE
BRMEDLAL, S EZARESSET 2 mmid, T70.
T60. T50 4bBE () H ¥z #4578 0.82, 0.74, 0.73
mm, 2RI, RN A AR UE S 4R R E LI
AKF o HE NP AR K G A /N 2 i S )
B, (AR EYVIHZABEARTE, 2R mIES:
(IR KT B &N FE/K mig ] 2R AR A K P i
(4 16 H—5 H 15 H), T70. T60. T50 4bF (¥ H

AT HME 28 5.79.5.19.4.23 mm, T70. T60.
T50 Kb 3 ) K A Rt 28 BE 4 Al v 185.39.
166.33. 135.63 mm, 4l et A A ER
38.9%. 39.5%. 35.8% (% 3). T60. T50 AhH7EA
KA SR e n, (HrE R AR KH B T60
A FRAEK BT TS0 403, HAEAKSE, BAKwm
Ab, 3 ANEERTES AN B FE K B2 T70 &
HI>T60 Ab#>TS0 4bEE, 32 Z2 T A 17K 7 e
AbFRAS A /N R AR B B P R 22 S, S A B A
JE T70 4bF>T60 ALFE>TS0 AbH, [KhFEE LR E
TKEAWIREL, ZEEEERIE T ZABER, Bk
5 FRBOK Y A P 25 T R

3 RARET AN A RALTHMAMER AL LT HANER P o) 5AFA

Table 3 Evapotranspiration and its proportion in the whole growth period of Winter Wheat under different treatments mm
A KA SIS | AR KA
St AEM - " ™ P
Z&HE/mm 5 tk/% Z&HE/mm 7 th/% Z&HE/mm 7 th/% ZEHLE/mm 5 th/%
T70 476.58 99.28 20.8 165.50 347 185.39 389 26.41 5.5
T60 420.66 89.65 213 142.15 337 166.33 395 2253 5.4
T50 37831 89.10 235 134.53 355 135.63 35.8 19.04 5.0

2.2 A EMBEERBEN
221 BAEMAHAEA G S

FAEY) R BT, YIAVED) R Ke i IR E 75
LI VR S I (R TAD R, P3P R DL S ETo
ITABIE, Ko mig 71 7 BRI R S8 R MR A UB IE,
ARHFFCA Ke eng T EERFTTFI Ke eng (/DT 0.45, #

TANEIE o« T M52 Keini=0.69, Ke mig=1.14, K¢ eng=0.3-
e, TE%E ks B IENG, BAEY) RBUSBIUA &/
FAMELSS R WA 3. HE 375, A REE
BEME LR AR KA A BRI s, HAEA KA
() J5 2P BB K 2 i T SEIIME, X RIX — P B K
[ ETo K.

10 10 8
9 ° 9 . 7 ,
8 o SZE . 8 o SzNE ° o SENME
7 7 6 —wmam
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2 2 S °
1 3 1M 1k
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() T70 43T (b) T60 At 3 () T50 4b32

B3 FRXZEMESFZ IR SR
Fig.3 Simulation results of single crop coefficient model with different treatments

222 BAFM R EAEA Y2

WUAE) Z SR SR 28 B R L R S, XU
REGERI A MIEAR SIS 5. L YA
EBEEE . S8 FAOS6 4 E VI S B s SEhb{E
MERK ke CEEVIE. KPR, HiE
KT THFELLER p CERKATH POd A K A
ARKEID . RRBIRE Zo. RAKRKE (TEW) M
S RKE (REW) ES4. KRB S
B, —RORIRELIESY, HRABEMSE, HE

PRUEL AN S b e b . B T60 AbEE A, i
B S e I R AT L B

1) HERED) BB ke WILRTE T2

A FAO56, FEFRME LR %M T (RHmin=45%,
U2 mis), &/ Gt ke B M BAEEAE 2 5
N Kepini (FHEFAAE) =0.15~0.5, Kepmia CHEFEMED =1.1,
Kependa (HEFFME) =0.15~0.3, b A= KA1 =78 o5
JE/INT 109%HS, Kep ini PTH 0.15, T Kep mig~ Keb end 1 75
FRAE 2t S S G B S HERE AT S I, Ho, A
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KARIIEAVEY) R Kepena (FEFFAED <0.45, WIAME 4 9 T60 AP IR E AN A E(H (LA 2020—
BHRIE CRBFFE A Kepena X 0.2 fEARIAEME ), MR TN 2021 SEZRBMNA/NEZRERI TR E), Hik
kepmia CHEZEAED SEATASTE, (EIEHFSAAN: LSRR, R RRA .
ke mia=Keb mid(il’ﬁ?%%ﬁ)*- & 4 A AR AR AL B R E
[0 04(u2-2)-0 OO4(RH ) _45)] (/_1)0'3 (9) Table4 Parameter initial value and calibration
. . min 3 ’ o
oy bR R ERIRR R (m)s B IE S [ LR value of dual crop coefficient model
{EH R koo mig=1.089~L.1. i et R
2) LK IFHFELLE p WIIRE I E Ke i 110 11
HFARROER, p AR T H—HEpin o - i
B p KRR ZEK I R . FAO-56 ( Crop Prast 0.64 0.8
Evapotranspiration-Guidelines for Computing Crop Pmia 0.55 0.8
Pend 0.62 0.8
Water Requirements) 5 H, 4 ET.~5 mm/d i, % 2m 010 ol
/NZE IS E 9 p=0.55; 24 ET.#5 mm/d I, WJ#E4T TEW/mm 24 25

REW/mm 10 10

BIE, ZIEXON:

0= 15u+0.04(5-ET,). (10) FRER ARG 4 (b). T70 b2 T50
3) Zew TEW 1 REW I8 [ & AR ILE 4 () 5K 4 (o). ﬂf@%%%ﬂﬁﬂm
R R T 2 S FAC.ss LI AR R B KA B 2%
4 7 B 96 Bl 2 0.1~0.15 m. TEW Al 6 A 2t BONCERR, FEARRRNS S A /N2 AR I ZE BRI
B, REW 5-HEmHAG 2, REW BUH 16 EE . HFEME 100d EAPE SRR ZE, MAEIKT
8-11cm. A Z, TEW AIREW W4 (04 m, <M
24 mm A1 10 mm.

10 r . 10 - 8
T o v ot »
8 r WAl 8 I o SE ) 7 o SEIIME °
L g 7 L AT . “' 6 WAE
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Fig.4 Calibration results of dual crop coefficient model with different treatments

223 BP ALAVLMGRMER S %5 BP ALAMZRA%LGMMANRETfodth BT

RO & /N FEZRBE IR R AR Z , ASHIT 78 T R Y Table 5 The input factors and output factor of
T. RH. u,. 6. LAl. VPDFIR,{EANBP A T HIZ /%% BP Atrtificial neuron net
SN T (£5), ETAMIMET. ZidRkEI%, SRR ARl
2SI R (B A T A0 22 o 4 7 2 45 5 0910, ke e Al
T ATE ()2 4 15K J97-10-1. P T80 2 BAETT U

) . . fAE T RH AL
MY ZRAE , B4 -5 MR A Hidis & b 233 A 70% . 15% AT U, S
HI15%. BT 0 A A%
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Fig.6 Validation results of different models with T60 treatment

23



FEBLHEZK 23] http://www.ggpsxb.com

FAAVNGE- S BN F & 2= 20F 2 S/

Table 7 Evaluation of evapotranspiration fitting results of winter wheat with different models
TR AL b b R? RMSE AAE dIA NSE RSR LR

T70 0.847 0.796 0.830 0.276 0.978 0.793 0.458 If

AR R BT T60 0.679 0.729 1.176 0.490 0.965 0.718 0.533 R
T50 0.688 0.515 0.748 0.608 0.955 0.381 0.792 %
T70 0.953 0.838 0.777 0.245 0.981 0.818 0.428 1t

WA B T60 0.771 0.754 1.152 0.475 0.967 0.729 0.523 RIf

T50 0.860 0.701 0.566 0.431 0.975 0.646 0.599 —
T70 0.842 0.907 0.767 0.272 0.981 0.823 0.423 1t
BP A T4 R 45 A5 7 T60 0.885 0.872 0.793 0.335 0.986 0.872 0.360 53
T50 0.896 0.611 0.664 0.489 0.966 0.511 0.703 %
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The Effects of Soil Water on Accuracy of Different Methods for Calculating
Evapotranspiration from Winter Wheat Field

JING Feng?, DUAN Aiwang'", ZHANG Yingying®, LOU He?,
GONG Wenjun*, SUN Menggiang®, LIU Zhandong"
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences/

Ministry of Agriculture Key Laboratory of Crop Water Requirement and Regulation, Xinxiang 453002, China;
2. Graduate School of the Chinese Academy of Agricultural Sciences, Beijing 100081, China;
3. Henan Weisheng Electric Appliance Co. LTD, Xingxiang 450001, China;
4. Henan Jiaozuo Guangli Irrigation District Administration Bureau, Qingyang 454550, China)

Abstract: [Objective] Evapotranspiration from farmlands is an important component in the hydrological cycle,
and it varies with many factors. The aim of this paper is to present an experimental study on the impact of soil water
on reliability of different methods commonly used in the literature to calculate evapotranspiration from cropped
fields. [ Method] The experiment was conducted using large lysimeters with winter wheat used as the model plant. It
consisted of three soil water treatments, achieved by criteria for irrigation: Resuming irrigation whenever the soil
water content in the root zone dropped to 70% (T70), 60% (T60) and 50% (T50) of the field water capacity,
respectively. The evapotranspiration in each treatment was calculated by methods using a single crop coefficient,
dual crop coefficient, and the BP artificial neural network, respectively. [Result] With an increase in water stress
due to the reduced irrigation, the total evapotranspiration and seasonable evapotranspiration at different growth
stages decreased. Comparison with measured results from the lysimeters showed that the accuracy of the three
models varied with soil water content. Under moderate water stress (T50), only did the method using dual crop
coefficient reproduce the measured evapotranspiration reasonably well with NSE=0.646 and RSR=0.599. Under mild
water stress (T60), the BP artificial neural network model worked better with NSE=0.872 and RSR=0.360, followed
by the dual crop coefficient model with NSE=0.729, RSR=0.523. When there was a limited or without water stress
(T70), all three methods accurately reproduced the measured evapotranspiration.[ Conclusion JOn average, the model
using dual crop coefficient is more suitable for estimating evapotranspiration of winter wheat grown in soils under
different water stress.
Key words: winter wheat; large lysimeters; water stress; evapotranspiration; crop coefficient
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