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Irrigation Scheduling Optimization of Drip-irrigated without Plastic Film
Cotton in South Xinjiang Based on AquaCrop Model
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(1. College of Water Conservancy and Architecture Engineering, Tarim University, Alar 843300, China
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3. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453003, China)

Abstract. To investigate the applicability of the AquaCrop model to drip-irrigated cotton without plastic
film in South Xinjiang, and develop the optimal irrigation scheduling, the AquaCrop model was calibrated
and validated by using the dataset collected in 2018 and 2019 seasons, then the model was used to
simulate canopy cover (CC), plant biomass, and cotton yield under two different irrigation scenarios.
The results showed that the root mean square error (RMSE) , the fit index (d), the standard root mean
square error (NRMSE) and the determination coefficient (R’) between the simulated and measured
values of CC were 6.03% , 0.12, 13.08% and 0.97, and the corresponding values for plant biomass
and cotton yield were 810 kg/hm*, 0.93, 6.41% and 0.80, and 751 kg/hm®, 0.84, 14.02% and
0. 87, respectively, indicating that the AquaCrop model could be used as a feasible tool to predict cotton
growth and yield response to irrigation under drip irrigation without plastic film in this region. The
scenario simulation was carried out by using the AquaCrop model with the meteorological data from 1960
to 2019. The scenario simulation results indicated that under the condition of the same irrigation
frequency, the cotton yield was increased first and then decreased with the increase of the irrigation

quota , and the maximum yield of 5398 kg/hm’ was obtained with the total irrigation amount of 7200 m*/hm’,
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and the water use efficiency (WUE) was 0. 75 kg/m’.

While under the condition of the same irrigation

quota, the cotton yield was increased with the increase of irrigation frequency, and the maximum yield of

5315 kg/hm® was achieved with the irrigation frequency of 5 d and the total irrigation amount of
5400 m’/hm*, and WUE was 0. 98 kg/m’. It could be concluded that the high yield and WUE of drip-

irrigated cotton without plastic film could be ensured by the irrigation scheduling with the irrigation

frequency of 5 d and the total irrigation amount of 5400 m’/hm’, which could be used as a reference

irrigation scheduling for application of drip-irrigated cotton without plastic film in South Xinjiang.

Key words: cotton; drip-irrigation without plastic film; AquaCrop model; yield; irrigation scheduling
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Tab.1 Soil physical properties
TR/ EE ¥y i FH [ ¢ Kk 2/ iR i v HKHE/ RORL T 3L BT Sk 0L BT
em (grg™") (gr57") (gr57") (grem ™) 538 % 58 % S8 %
0~20 0.10 0.21 0.24 1. 60 2.43 41.49 56. 08
20 ~40 0. 10 0.24 0.30 1.55 2.56 41.40 56. 04
40 ~ 60 0.12 0.25 0.33 1.58 2.88 42.83 54.29
60 ~ 80 0.13 0.25 0.32 1.59 2.60 41.40 56.00
80 ~ 100 0.12 0.24 0.31 1. 60 2. 60 41.40 56.00
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Fig. 1  Schematic of cotton planting pattern

and drip irrigation belt
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Fig.2 Meteorological data during cotton growing

season in 2018 and 2019
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Tab.2 Crop parameters of AquaCrop model
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Tab.3 Simulation scenarios
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Tab.4 Calibration of AquaCrop model

Aib B
LRIEEEAN [EVEiE AN
2 13 14
M/ (kg-hm=2) 457 992 1923
RMSE S JR B w % 9. 65 7.39 4.12
FEit/ (kg-hm ~?%) 678 134 648
ESL7/bs 0.99 0.98 0. 96
d 56k J2 B e 0.96 0.98 0.99
e s 0.38 0.43 0.11
YR/ % 5.78 13.18 21. 65
NRMSE 527 35 5/ % 19. 86 13.59 7.13
TR/ % 13.43 2.23 9. 60
Ak 0.93 0.92 0.89
R? 5ok J2 A T 0.75 0.83 0. 60
i3 0.71 0.71 0.71
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Fig.3 Measured and simulated values of canopy coverage in different treatments
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Fig.4 Measured and simulated values of biomass in different treatments
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Tab.5 AquaCrop model verification results

FIRB BRI TRE . b B AR R —EN A . ik 5
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HIFE 5 AT, 2019 455 % B i & RMSE d RMSE @R EE/% 16.99 8.86 5.35 6.45 7.0l
NRMSE 1 R*/3 51 6.03% 0. 12 .13. 08% £ 0. 97, PR/ (kgehm™2) 1621 1228 709 708 565
e &Y B B RMSE ., d, NRMSE | R® 4% 51l K ) 0.50 0.07 0.35 0.04 0.20
751 kg/hm’® | 0. 84, 14.02% . 0.87 fl 810 kg/hm®,  * e 0.890.98 0.9 0.99 0.9
) . i 0.29 0.22 0.42 0.38 0.42
0.93.6.41% .0.80, It BTG AT 0.80, & B 5% Wi % 7.35 7.72 14.65 5.01 6.68
UUNERSTEUEDRENaR &0 SN V8 € SRR =18 NRMSE B /%  49.58 20.27 10.04 12.10 13.96
55 % 2019 4F R [F] b B Hy 5 2 T 26 AR e 52.13 27.90 12.76 10.29 8.74
L7k 0.88 0.99 0.99 0.95 0.95
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13 VA5 1F R AU B Bt RO 0. 98, T 7E 11 (1Y)
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Tab.6 Different irrigation frequency under fixed irrigation quota ( Simulation scenario 1)

WS, FOKRE, Va1 %4 YR/ MHOKE/, KRR/
[ EDYIES K AL ET/mm
mm d (kg-hm ~2) (kg-hm~?) (m®+hm~2) (kg'm™?)
P1 360 5 20 4074¢ 10 133¢ 3600 1.13% 415.01"
P2 360 7 15 4 077" 10 121" 3600 1. 13 404. 68°
P3 360 10 10 4182° 10361° 3 600 1.16° 395.79*
P4 450 5 20 4942 12 140° 4500 1.1 469. 99
P5 450 7 15 4 844" 11 865" 4500 1.08" 449.02°
P6 450 10 10 4.943° 11 879° 4500 1.10¢ 438.36"
p7 540 5 20 5315°¢ 12 957° 5400 0.98* 488. 70¢
P8 540 7 15 5274" 12 846" 5400 0.98 479. 63°
P9 540 10 10 5073 12 349 5400 0.94°¢ 454.47¢

TE < [R5 AN R) 5% B 2 7 AL B ) 22 57t (2 3 (p <0..05) , F Il

R AT 360 mim I, AR 6 7 ik i 5 E K TR 1 I
R0 5 214702 08 52 2 450 ,540 mm i, 7 f B 7k
IR AT S BG4, L2 S0k B3 24 /K i
WIS d,MEBEE 4 540,360 mm I, AR 467 B 43 )
BEFK (5 315 kg/hm”) FEE /N (4 074 kg/hm®) 5 7K

3 I A8 AR RE KA O 10 d, 9 8 52 N 360
540 mm B} 43 935 B & K (1,16 kg/m’) 1 & /b
(0.94 kg/m’ ) 5 FLA =5 14 Y T8 2 450 0 HE /K ) 400 T 4
F P AL FE K

IFi] 1 T 7K i AN [F) RE K S 3 60 O Ao 7 58 kA7 A
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Tab.7 Different irrigation frequency under fixed irrigation quota( Simulation scenario 2)

HEKER, MOKAW i % ity Bk, KA R,
B 7 % KRB ET/mm
mm ¢ (kg-hm %) (kg+-hm %) (m®+hm~?) (kg'm™?)
P10 36 5 20 5398° 13 146° 7200 0.75¢ 500. 77*
P11 36 7 15 5274 12 896 5400 0.98° 480. 50"
P12 36 10 10 41824 103614 3 600 1.16° 395.79¢
P13 45 5 20 5294 12.923* 9 000 0.59' 493.36™
P14 45 7 15 5353 13 028° 6750 0.79¢ 477.99"
P15 45 10 10 4943¢ 11 846° 4500 1.10" 438. 36"
P16 54 5 20 5200 12681* 10 800 0. 48¢ 486. 92
P17 54 7 15 5293 12 881" 8 100 0.65° 483.23"
P18 54 10 10 5073 12 349" 5400 0.94° 454.47°¢

{4390 4 182 .10 361 kg/hm”*,

B 6 AT, 24 K B T 4 500 m*/hm? | 3
IKFAAN S d AR AL B85 5 S K 4 T 4 500 ~
7200 m’/hm® , FEAK A R 7 d B AR AE PR B Y
BE K BT 7 200 m®/hm® G I E AR 4K B AL
FEOK IR 5 d R 7 d B 2 Bl R K ) 1 R
%, ELHEK R 7 d ibd 5 d ik G BE AR 48 7= R
ORI . 254 DL IR BB R 5, AN % R
FEI 1) T R /K B R R, AEE /K JE 309 5 dL B UK
oM 7200 m’/hm’ (P10) B 07 el s 24 AR 2 5
R e AT KBRS H W K JE A 5 d LR K
R 5400 m’/hm® (P7) B 5 2848

6000 s Ak FEL S ¥y <10-°x%+x+1506.2

y=—0.0001x+1.7845x-593.17
R*=0.9
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Fig. 6  Relationship between irrigation quotas and cotton

yield under different treatments of irrigation frequency
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