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Simulation of grain filling process of dryland wheat under plastic film
mulching and open field cultivation based on the APSIM model
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(1. College of Life Science and Technology ,Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. Gansu Provincial Key Laboratory of Arid Land Crop Science/College of Agronomy,
Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract; A precise simulation of wheat dry matter accumulation process may provide technical support to reg-
ulate wheat production. The data simulated by APSIM model and the field data were used to study dryland winter
grain dry matter accumulation process simultaneously. Based on the model validation, the effect of accumulated tem-
perature on wheat grain dry matter accumulation process was analyzed. The APSIM—-Wheat model simulated plastic
film mulching and open field planting with the coefficient of determination greater than 0.92 for grain weight and
grain filling rate at each stage of grain filling. The normalized root mean square error was less than 16.25% , and the
effectiveness index was greater than 0.91, indicating that the APSIM—Wheat model had a good fit and adaptability
in simulating the wheat grain-filling process in the study area. Plastic film mulching was better than open field
planting. The simulated value of the dry matter accumulation of mulching grains simulated by the model was 5.23%
higher than that of the open field planting in the two-year model simulation. The maximum filling rate of the field
measured in the field was on average 10.46% higher than that of the open field. The average grouting rate in the
rapid growth period was 13.68% higher than that in the open field. The average in fast increase period was 13.68%
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higher than that in the open field. The thousand-grain weight was on average 2.50% higher than that of the open

field. Logistic further analysis showed that the plastic film mulching planting was beneficial to advance the time of

the maximum grouting rate and reduce the duration of the pyramid period and slowly increase period. Secondly, the

accumulated temperature affected the grain filling rate by affecting the daily accumulation of grain dry matter. Dur-

ing the grain filling period, the daily accumulated temperature of the atmosphere and the soil had a very significant

positive correlation with the daily accumulation of grain dry matter.

Keywords: wheat; grain; APSIM model; accumulated temperature
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Table 1  The initial parameter value of the wheat module

SR Parameter 7E X Definition AL Unit SR Value

vern_sens VEY B BUEANEFEEL Crop vernalization sensitivity index 2.8
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photop_sens VED G R B B FE 5% Sensitivity index of crop photoperiod 3.6
max_grain_size R RAH T H Maximum grain size g 0.042
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Fig.1 Dynamic changes of wheat grain weight under plastic film (PM) and open field ( CK) treatments in 2018 and 2019
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Fig.3 Simulation of dynamic change of 1000—grain weight in different treatments in 2018 and 2019
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Fig.5 Simulation of grain-filling rate in different treatments in 2018 and 2019
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Fig.6  Correlation between atmospheric daily accumulated temperature and

daily accumulation of grain dry matter in 2018 and 2019
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Table 3 Logistic equation fitting of grain-filling process in 2018 and 2019

LN GO Qb3 Z 8 Paramelters

Index Year Treatment A B C X,/(C -d) X,/(C-d) X3/(C-d) X,,,./(C -d) R?
CK 1.037 26.398  7.580 156.37 265.54 628.96 253.74 0.9980
2018 SCK 1.052  25.554  17.570 153.98 263.41 627.19 251.56 0.9930
AR PM 1.021 22.150  7.626 127.34 225.64 550.09 230.33 0.9890
Atmospheric SPM 1.023  25.337  7.665 136.25 233.55 556.85 239.10 0.9960
accumulated CK 1.098  38.141 6.571 221.69 350.55 785.60 347.31 0.9890
temperature 2019 SCK 1.094 30.014 5.970 218.85 361.63 839.53 357.12 0.9960
PM 1.078  30.227 6.796 192.91 300.57 697.04 296.86 0.9880
SPM 1.098 28.842  6.466 198.21 311.80 728.32 307.72 0.9780
CK 1.035 14.642 6.242 136.21 276.03 725.34 253.74 0.9990
2018 SCK 1.054 13.854  6.146 132.74 275.21 731.07 251.56 0.9940
R PM 1.015 14.846 6.474 123.91 249.73 654.49 230.33 0.9980
Accumulated SPM 1.040 15.030  6.539 123.77 248.26 649.08 239.10 0.9970
soil temperature CK 1.394  32.131 4.490 246.33 401.62 922.80 347.31 0.9980
2019 SCK 1.419 28.890 4.184 251.29 418.47 977.24 357.12 0.9980
PM 1.179  26.826 5.276 198.79 336.35 794.65 296.86 0.9930
SPM 1.253  25.623 4.877 210.05 359.11 854.66 307.72 0.9860

T : CK . 58 MR ; SCK AR BURCABI FE HU A ARL ; PM . 5 5 AT ; SPML: AR 2B AU b S T S AP
Note: CK: Open field planting; SCK: Model simulates open field planting; PM: Plastic film mulching planting; SPM: Model simulating plastic film

mulching planting.
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