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Developing and Parameter Optimization of Two-dimensional Soil Water
Transport and Crop Growth Coupling Model Based on Genetic Algorithm

ZHANG Fangxu'?  WANG Jun® HAN Yuping' JIA Dongdong' LI Jiusheng’
(1. College of Water Resources, North China University of Water Resources and Electric Power, Zhengzhou 450046, China
2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract.: To efficiently and accurately estimate the model parameters of the soil-crop system under drip
irrigation conditions, a genetic algorithm ( GA) was integrated with the two-dimensional soil water and
crop growth simulation model ( SWNCM — 2D) to establish an optimization model for soil hydraulic
parameters and crop growth parameters under drip irrigation conditions. The objective was to minimize the
standard root-mean-square error (RMSE) between the measured and simulated soil water contents as well
as crop dry matter quality. By utilizing observed data on soil water content, crop growth dynamics, and
yield under drip irrigation treatment in southern Xinjiang, the soil hydraulic parameters and crop growth
parameters were optimized by using the SWNCM — 2D model coupled with GA. These optimized model
parameters were then utilized to predict cotton yield and water productivity under various drip irrigation
management scenarios. The results demonstrated that parameter optimization using the SWNCM — 2D
model coupled with GA yielded favorable outcomes. The RMSE, nRMSE and d values between simulated
and measured soil water contents in different layers ranged from 0.009 5 cm’/cm’ to 0.037 0 cm’/em” |

5% to27% , and 0. 651 8 to 0. 964 2 respectively; while nRMSE for dry matter accumulation and LAI
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were within the range of 8% ~17% and 6.2% ~23.0% , d all exceeded 0. 97 threshold value. Cotton

lint yield was increased with the increase of irrigation levels while water productivity was decreased

accordingly; lint yield was decreased as irrigation intervals lengthened whereas water productivity was

initially increased before declining with longer intervals. In conclusion, simulations based on optimized

parameters provided accurate representation of dynamic changes in soil moisture throughout the entire

growth period along with precise depiction of crop development processes. Considering cotton yield

alongside water productivity, the recommended irrigation regime for this region was a watering interval of

7 days at a rate of 120% ET,.

Key words: SWNCM —2D; coupling model; parameter optimization; yield prediction; genetic algorithm
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0.4619 0.010 1.73 13.04
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Fig.6  Comparison of simulated and measured dry matter

accumulation and leaf area index of I3 treatment in 2019
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Tab.3 I3 measured and simulated values of lint

yield and water consumption

e b/ (kg-hm =) FEK Bk /mm
- 5520 i BB S £ B
Bl 3280 +600 3302 433 +31 450
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Tab.4 Optimized crop growth model parameters

S8 T,/C T,/C LAI, PHU/C
lRIq(N 11.92 25.21 4.42 1453.76
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Fig.7 Comparison of simulated and measured soil water contents in 0 ~ 100 c¢m soil layer in 2018 and 2019
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Tab.5 Measured and simulated values of lint yield

and water consumption in 2018 and 2019

P e e/ (kg-hm %) FE/K &/ mm
SLE BME SCE MEE
11 3581 +398 3201 363 £21 351
2018 12 3789 £321 3961 426 =19 449
13 4334 £799 4322 491 13 503
12 3062 +68 3104 356 +32 386
2019 3440 +325 3492 515 £32 534
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