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Simulation and Evaluation of Cycle Irrigation with Brackish and
Fresh Water for Winter Wheat Based on AquaCrop Model

ZHU Chengli' XU Yulin' HUANG Mingyi' ZHENG Junyu> ZHANG Fan' CAO Leiqi'
(1. College of Agricultural Science and Engineering, Hohai University, Nanjing 210098, China
2. Jiangsu Water Conservancy Survey and Design Institute Co. , Lid. , Yangzhou 225127, China)

Abstract: In order to explore the suitable irrigation method of brackish water for winter wheat, field
experiments were carried out with different cycle irrigation methods and four single irrigation quota
(40 mm (I1), 60 mm (12), 80 mm (I3) and 100 mm (I4)) at jointing, heading and filling stages.
There were four cycle irrigation treatments, that was, fresh-fresh-fresh, brackish-fresh-fresh, fresh-
brackish-fresh and fresh-fresh-brackish, the salt content of brackish water was 10 dS/m. The AquaCrop
model was used to calibrate and verify soil water and salt and winter wheat growth and production under
salt water cycle irrigation. The salty cycle irrigation scheme was optimized through irrigation scenario
simulation. The results showed that the AquaCrop model could simulate the soil water and salt status, the
biomass and grain yield of winter wheat under salt water rotation irrigation. The RMSE of soil water, soil
salinity, canopy cover, accumulative evapotranspiration, biomass and grain yield were 1. 06% ~2.09% ,
0.03 ~0.27 dS/m, 4.2% ~11.0% , 14.95 ~52.17 mm, 0.57 ~0.86 t/hm’ and 0. 28 t/hm” during
calibration, respectively. The RMSE of final biomass and grain yield were 0. 51 t/hm’ and 0. 33 t/hm’
when verifying. Respectively, the coefficient of determination (R*) of each index was greater than 0. 70,
and the consistency index (d) was greater than 0.75. The calibrated model was used to simulate the
grain yield under 64 salt water rotation irrigation scenarios, and the salt water rotation irrigation scheme
was optimized ; when the salt water content was 2 ~ 14 dS/m, the range of single irrigation amount needed
for 95% and 90% of the maximum yield by one irrigation of salt water at heading stage or filling stage
was 79.3 ~93. 1 mm and 66.1 ~79.9 mm, 79.6 ~90. 8 mm and 67.0 ~78. 1 mm, respectively, when
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salt water was irrigated at both heading stage and filling stage, the single irrigation amount was

80.4 ~102. 6 mm and 67.3 ~89.5 mm, respectively.

Key words: winter wheat; AquaCrop model; cycle irrigation with brackish and fresh water; water and

salt; system optimization
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Tab.1 Main physical properties of soil
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Tab.2 Monthly meteorological data in 2017—2018 and 2018—2019
V- - aRAR FHIH R SEHAE T FIRE, AR HERKE
ARy Ay . s X ; .
i/ C i/ A1)/ h 1R/ % (m-s™) J# 1t/ mm mm
10 20.5 10.0 5.4 75. 1 1.4 20.3 0
11 15.5 3.4 4.4 72.7 2.3 60.3 0
12 8.5 -2.7 5.4 67.2 L6 50.8 0
1 2.3 -8.2 5.7 65.2 1.9 37.6 0
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Fig.2  Soil salinity calibration results of 0 ~60 c¢m soil root zone in 2017—2018
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Fig.3 Calibration results of winter wheat canopy cover in 2017—2018
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Fig.4 Calibration results of winter wheat biomass in 2017—2018
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Fig.5 Calibration results of accumulative evapotranspiration in 2017—2018
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Fig. 6  Calibration and verification results of final biomass and grain yield
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Tab.4 Error results of final biomass and grain yield calibration and verification
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AOI2 13.744 13.552 1.42 12. 884 12.246  5.21 6.552 6.379 2.71 6. 142 5.879 4.47
AOT3 14.395 14.926  3.56 13.528 13.917 2.79 7.059 7.352 3.99 6. 634 6.853 3.20
A0 14. 403 14.048  2.53 13.713 14. 045 2.36 7. 090 7.561 6.23 6. 749 6.976 3.25
AlTl 9. 647 8.856 8.93 8.416 8.856 4.97 4.763 4.323 10.18  4.155 4.238 1.96
A2 11.379 10.923  4.17 10.377 10.754  3.50 5.783 5.396 7.17 5.274 4. 896 7.72
AIT3 12.396 12. 625 1.81 11. 411 12.263  6.95 6.374 6. 124 4.08 5.867 5. 624 4.32
Al 12. 459 12. 611 1.21 11. 442 12.019  4.80 6.398 6.528 1.99 5.876 5.628 4.41
A211 10. 631 11.023 3.56 9. 603 9.374 2.44 5.128 4.879 5.10 4.632 4. 449 4.11
A212 12.267 11.873 3.32 11. 261 10.586  6.37 6.181 5. 807 6. 44 5.674 5.907 3.94
A213 13.221 12.904  2.46 12.268 11.778  4.16 6.739 6.532 3.17 6.253 6.524 4.15
A214 13.297 12.969  2.53 12.326 11.889  3.67 6.776 6. 605 2.59 6.281 6. 349 1.07
A311 10. 557 10.874  2.92 9.916 9. 607 3.22 5.138 5.326 3.53 4. 826 4. 424 9.09
A312 12.384 12.004  3.17 11.539 11.049  4.43 6.242 6.042 3.31 5.816 5.542 4.94
A3T3 13.479 13.192  2.18 12. 658 12.114  4.49 6. 844 7. 064 3.11 6. 427 6.195 3.74
A314 13. 556 13.189  2.78 12. 601 12. 338 2.13 6.892 7.208 4.38 6. 406 6. 209 3.17
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Fig.7  Grain yield simulation results under different irrigation schedules
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