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Evapotranspiration Estimation of Summer Maize with Plastic Mulched Drip
Irrigation Based on Dual Crop Coefficient Approach in Xinjiang

LI Fengxiu MA Yingjie
(College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract; In order to evaluate the reliability of dual crop coefficient approach on calculating
evapotranspiration of summer maize with mulched drip irrigation in arid region, the evapotranspiration of
maize was measured by stable carbon isotope technique and water balance methods in measurement pits in
2016 and 2017. Five treatments were set up according to fixed irrigation cycle (W1, W2 and W3) and
variable irrigation cycle (W4, W5) and the corresponding values were also calculated by dual crop
coefficient approach. FExperimental results showed that evapotranspiration calculated by dual crop
coefficient approach had positive correlation with those values obtained by water balance methods, and
the root mean square error was about 10 mm. The crop transpiration calculated by dual crop coefficient
approach also had positive correlation with those values obtained by stable carbon isotope technique, and
the root mean square error was about 20 mm. By calculation and analysis on the root mean square error,
regression coefficient and consistency index, it can be concluded that dual crop coefficient approach was
an effective method to calculate and distinguish evapotranspiration of summer maize with partial mulched
drip irrigation in arid region. In whole growing season of summer maize, the simulated soil evaporation
accounted for 21. 33% and 23. 97% of evapotranspiration and plant transpiration accounted for 78. 67%
and 76. 03% of evapotranspiration in 2016 and 2017, respectively.

Key words; summer maize; mulched drip irrigation; evapotranspiration; crop transpiration; stable

carbon isotope technique
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Tab.1 Soil texture of experimental plots

X + 3k A% L/ %
LR R AORE DL T4
0~ 0.002 ~ 0.05 ~

em  (geem™?) >2mm PR
0.002mm 0.05 mm 2 mm
0~20 1.38 7.0 56.5 36.5 0 ML
20~40 1.42 7.2 67.9 24.9 0 Mt
40 ~60  1.40 2.9 15.8  81.3 0 Henb+
60 ~80 1.38 0.1 1.7 98.2 0 N
80 ~100 1.35 0.2 8.0 91.8 0 i
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Fig. 1 Diagram of plot arrangement
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S 10 .6 d, BEAKE HL53 0 R 49.5 .30 mm, I E
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iz i 2016 4F 5 F KPR EHRE T S BOKIE
2017 4F RIS AR A TR RIS E, S HLE 2,
HRAE DL b2 80s R EY R 805 %) 2016 4F 5

K2 BEMREHEHHEEERZRSH

Tab.2 Parameters for dual crop coefficient approach to estimate summer maize evapotranspiration

A5 b 2R e E A HUR
Kopini) 0.15 0.15 BEIE
FERVEY) R AL Ky (i) 1.15 1.20 ®IE
Koy end) 0. 50 0. 87 KIE
4T R R Z, 0~0.15 0.10 FAO - 56 i3
e BRI B B B BZE K REW 8 ~11 9 BIE
K ERFER = TEW 18 ~25 20 BIE
PEALAE ROE R R AL @ 2-8 6 3CHik[ 24 ]

FoKFE MU PEAT AL, AR DL A ZE O 5 L Tk
AT 5 AL ERA K R A VR Y S U
Xt AN 2a fiR, SIS EELZE R (ET) Z )%
FGEH 2 R 3,

A 2a A1, S AL BRAY ET S2NE SR RE

701
60 ¥=0.79x+6.65
2
_ st R=0.75
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Fig.2 Fitting correlation diagrams of observed and simulated evapotranspiration in 2016 and 2017

R3 2016 F£50 2017 £ ET HEHE S LNMERTLE
Tab.3 Statistics of comparable parameters of observed

and simulated evapotranspiration in 2016 and 2017

AEfy Qb RMSE/mm b d
Wi 8.12 0.93 0.99
w2 7.52 0.91 0.99

2016 W3 7.59 0.92 0.99
W4 6.95 0.99 0.99
W5 10. 66 1. 06 0.98
Wi 4.59 1.03 0.99
w2 11.37 1. 06 0. 89

2017 W3 12.56 1. 06 0. 86
W4 10. 15 1.12 0.99
W5 11.75 1.03 1. 00

2.2 HERIIGIF
2.2.1  FETFIKE AL R 55 IE
PR T AR S B AU EY) R B AL |

T 2017 45 5 > Ab B 45 3 K 1A B 1 1) 7% B
(ET) ,Jf 550 z& it 470 Lo, & 2b 2 2017 4F
B K ET 052 E FALHME L5 AH DG K IR 2258
FHEERWE 3 FiR,

BEUESE SR BoR , F0E 5 R AT LR G AsE 4]
REXEERAEFMNM ET, NE 2b iTLLEH,
AHEWINE K ET SEIE FBE LA E A 11 1
SAEEN, e RBR R 0.73, F£A0EET BN
ET SIS FIAAUE £ RMSE 4 4. 59 ~12.56 mm, b
H1.03~1.12,d 4 0.86 ~1.00, LI 25 Fui0H,
SRR J B AT DA M ASTADL 0 XN B oK
AT NZE AR R,

2.2.2  HETRRE R A R BR AR IR

&l 3 iz FHAR E Bk IRl 7 R 7L 1158 2017 4F 5 A4
AR BT K4S A S AL E P 25 1 40 A A
KRG R WL 4 iR,
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Tab.4 Statistics of comparable parameters of observed

and simulated transpiration in 2017

Ih PR RMSE/mm b d
w1 17. 83 1. 14 0.98
w2 22.62 1.23 0.97
W3 14.21 1. 14 0.98
W4 18.02 0.91 0.98
w5 25. 44 0.82 0.97

BRI BN, F0E T AR AT DUAR A H AR

R X E FKRAEFMANEY ZE B, E 3 Fk4
LA AR B AN B R OK SE I B E P 75 1 12 1
PIA B, g R R 0.91 ,RMSE Hy 14. 21 ~
25.44 mm,b #0.82~1.23,d 5 0.97 ~0.98, L) I
5 VL], ZHU 50 J5 WA AT DL b ASE 400
XN B K AR B N 25 9 o 0 A8 Akt B [R] s mp
FWIRRE B[R] 5 2 ARTE 43 T T IX B oK A it
AR,

I 2016 4FFN 2017 4F B FOK SN ZE R 5%
FLEL =2 [ 9 6T Hb R 361 26 B SUVE ) 2R 850 vl A L
R M ASLAUL B 6 B v 9 X FOR A B I NEY
FEHCR FNZEE B | 6123 X LA — 5 i F T
2.3 BEEKEHTWK

mFE s Frn, L6 5 AR B ST 25 R R 1
2016 41 2017 45 XA 2 B0 A6 P A K A AE
KIGIAS T ET, K PGS T ET, X
AR IR K R R, 205 2R F W 40% 72
A HUOR P AR K, R K 8 2 A F
35% Ziti

x5 EEFRREERKHEK ET ZMEMRIUEXLL
Tab.5 Comparison of observed and simulated £E7 for maize at each growth stage mm
W1 w2 w3 W4 W5
By EENER — — — — X
S MREE SEINME AR SEDNE fEREE SO AR SOE AR
W1 60. 00 69. 35 58.00 63. 66 63. 00 58.92 56. 00 62.20 55.00 58.92
P AE R 165,50 142.96 149. 16 130. 03 150. 79 118. 02 135.62 124. 92 132.31 119.42
2016 rh i 183. 35 219.17 176. 37 199. 18 151. 95 179.22 167. 81 188. 93 129. 61 179.22
J& 9 58. 40 31.22 50.53 28. 88 39. 87 25.52 40. 81 26.92 67.62 25.50
Easy=p. L 467. 25 462. 69 434. 05 421.76 405. 62 381. 68 400. 25 402.97 384. 54 383. 05
1139] 69. 52 70. 01 62.57 67.09 55.71 63. 01 56. 00 68. 48 65. 61 63. 00
PoARM 129.55 132.52 145.98 131. 20 146. 12 120. 54 133. 61 123. 67 116. 58 120. 49
2017 3t 176. 18 174.90 152. 38 174. 81 119. 67 159. 13 140. 53 159. 47 140. 09 159. 47
Ja i 14.33 13.27 8.25 13.21 8.93 12. 04 11. 10 12. 14 6.75 12. 05
2EFW 389.58 390. 71 369. 17 386. 31 330.43 354.72 346. 12 363.75 329.03 355.02
2.4 BEREHRS FARTEN B VEYI A KB R TEAE A= K

B4 WEEXRETM ET. T E 24045 M (LA
W1 AbFER ), AT IR AN R K E A5 ET
IR BRI AR b, EEY R ET 3

8-

ET‘T‘E/mm

N g A et

P el
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(a) 20164E
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Fig.4 Seasonal variations of evapotranspiration, evaporation and transpiration during summer maize growing seasons
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WIS IREAEAS, SR E AL S T A LS AR
AR RS RIZEDIIA R AR IR K BB TE A1,
Z ST N e AT IR AR R A

iz SV 2 00T LAy 4 R s R 1] 28 % o
(E) i zg it (7) , it v] LUH R I EY B E
N TR ZE T 5 A 75 LB ( T/ ET) FIAR H) 25
K ZERCR LB (E/ET) , W3R 6 (FH TR IRA BR , 4%
SCLIMAL R W SR . 2016—2017 4F B £ K &A=

BB E AT AR B3 TEAEY AR,
T3UN, A EW AR, AR K, TRHiZ
R, B AR R R E, FEE R N R, i E
T AR SR A A R, TEWT I E K, BEE AR
YRy A A R R TR b R AR B R AR K, B rh I
JEiK 100% ), E ihfe/IMA . 2016—2017 4F, B4
BTN T/ET 435 K 78. 67% F176.03% , E/ET 4y
Sk 21.33% F123.97% .,

®6 EEREEFEWR IET/ETR E/ETEW
Tab.6 Changes of T, £, T/ET and E/ET of summer maize in different growth periods

- 2016 4F 2017 4E
T/mm E/mm T/ET/ % E/ET/ % T/mm E/mm T/ET/ % E/ET/ %
HIH 15.35 54.00 22.13 77.87 15.00 55.01 21.43 78.57
P A K4 109. 36 33.59 76. 50 23.50 99. 15 33.36 74. 82 25.18
LR 210.97 8.19 96. 26 3.74 170. 64 4.26 97.56 2.44
Jei 1 28. 31 2.91 90. 69 9.31 12.25 1.02 92.29 7.71
2EF W 364. 00 98. 69 78. 67 21.33 297. 04 93. 66 76.03 23.97
. W —3,
3 it

(2) 32 FHRUE Y 22 800 T DL o ff s IX 4y
HEKET, BIEAMET 2016 4E/1 2017 4E 245
WIS B3 4 e 78 it 4y il ET (9 21.33% Al
23.97% ;fAAEY ZE G =5 ) i ET (1 78. 67%
76.03% .

(1) BUEY R BUE REAS RN HERI AL T3 | oK 45
B ET, 2546 5 AN ALEE 2016 4EF1 2017 4 RMSE
BIFE 10 mm 22475 MU R b 32000 15 — S0k 48 4k
d ZF9IHE 0. 98 ~0.99 F10.86 ~ 1 JEH N, 552 I(E
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