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Biomass Change and Yield Simulation of Winter Wheat under
Different Sowing Dates and Irrigation Conditions

CHEN Xianguan FENG Liping MA Xueqing CHENG Chen PAN Xuebiao WANG Jing
(College of Resources and Environment, China Agricultural University, Beijing 100193, China)

Abstract: Understanding how different sowing dates and irrigation scheduling affect wheat dry matter
accumulation was very helpful to improve grain yield and resource utilization efficiency. Field experiments
with six-levels sowing dates and four-levels irrigation for winter wheat over two years were conducted
during 2017—2019 in North China Plain in Hebei Province, China. Based on the two-year experiment,
combined with the literature data of coupling irrigation with sowing dates of Wuqiao Experimental Station
from 2011 to 2017. The development index of “wheat clock” model was used to quantitatively express the
development phase of winter wheat. The effects of different sowing date and irrigation treatment on the
dynamic characteristics of biomass accumulation were analyzed by Logistic mathematical model and
establishment of biomass prediction model of winter wheat. Furthermore, winter wheat yield prediction
model was established based on the biomass prediction model. The results showed that sowing date
affected biomass accumulation by affecting rapid growth period of biomass accumulation. With the delay
of sowing date, the rapid growth period was shortened, which made the biomass decreased. The
difference of the maximum above-ground biomass caused by different irrigation treatment was mainly
determined by the maximum growth rate of biomass, and the increase of irrigation amount helped to
increase the maximum growth rate. The characteristics of biomass accumulation of winter wheat were
different under different sowing date and irrigation treatments. According to the biomass and yield

Weks HI. 2020 -11-17 &R HE, 2021 -01 - 11

HE£WE . BKEELSVF AT H (2016 YFD0300201 2016 YFD0300105)

TEER N BB (1994—) 58 1A EENF/EYR R 58 E RIS, E-mail : chenxianguan@ cau. edu. cn

BEEE OAT-(1962—) , B, 8087, 4 R0, FENFARAAT fll KG FASAEAL 5 $IEFFHAFSE , E-mail: fenglp@ cau. edu. cn



350

ok Bl Rk

prediction model of winter wheat based on accumulated temperature before wintering and water supply
amount in the growing season, the root mean square error ( RMSE) and normalized root mean square
error (NRMSE) of measured and simulated above-ground biomass of winter wheat were 1 980. 2 kg/hm’
and 15.7% , respectively, and the RMSE and NRMSE of measured and simulated yield were
839. 7 kg/hm® and 10. 6% , respectively. Logistic model based on development index can well simulate
the biomass accumulation of winter wheat, and had a good simulation accuracy on yield under different
sowing dates and irrigation conditions. Under adequate soil moisture conditions before sowing, the
appropriate accumulated temperature before wintering was ranged from 200°C +d to 600°C - d, and the
appropriate water supply amount in winter wheat growing season was between 200 mm and 450 mm. The
research result can provide scientific basis for the reasonable control of sowing date and irrigation
measures in North China, and provide ideas for the prediction of winter wheat yield under different sowing
dates and irrigation conditions.

Key words: water supply amount;

winter wheat; accumulated temperature before wintering;

development index; Logistic model ; dynamic characteristics of biomass
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Tab.1 Data sources for different treatments of sowing

date and irrigation of winter wheat in Wugqiao
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Tab.2 Parameters of various development phase models

2.1

for winter wheat variety Jimai22
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Fig.1 Comparison between simulated and observed growth

periods of Jimai22 for calibration and validation
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Tab.3 Parameters of Logistic model on above-ground biomass accumulation in winter wheat

Epy e Wenn/ HEK Logistic 1R Z44 2 ﬁﬁ%ﬁ‘ﬁ
(C-d) mm a/ (kg-hm %) b ¢ Tow R,/ (kg-hm™?) X X,

D1 575 75 18 330 126 7.766 0.99 0. 623 35589 0.453 0.792

D2 437 75 16 108 348 9.362 0.99 0. 625 37701 0. 484 0. 766

D3 329 75 16 339 618 9.619 0.99 0. 668 39 289 0.531 0. 805

D4 240 75 13 656 6 408 13. 409 0.99 0. 654 45777 0. 556 0.752

2017—2018 D5 160 75 14 236 7 966 13. 093 0.98 0. 686 46 597 0. 586 0.787
WO 329 0 15 608 291 8.535 0.99 0. 665 33302 0.511 0. 819

W1 -1 329 75 15710 414 9.514 0.99 0. 633 37 365 0. 495 0.772

w2 329 150 18 788 331 8.319 0.99 0. 697 39074 0.539 0. 856

W3 329 225 17 108 360 8. 862 0.99 0. 664 37 905 0.516 0.813

D1 632 75 19 187 213 10.203 0.99 0.525 48 940 0. 396 0. 655

D2 484 75 19 818 251 9.303 0.98 0. 594 46 092 0.452 0.735

D3 387 75 17 280 932 10. 640 0.98 0. 643 45 964 0.519 0. 766

D4 301 75 14071 3313 12. 624 0.99 0. 642 44 410 0.538 0. 746

2018—2019 D5 220 75 14 088 10 405 13. 341 0.99 0. 693 46 989 0. 595 0.792
D6 157 75 13334 11615 15. 104 0.99 0. 620 50 350 0.533 0.707

WO 387 0 9419 303 10. 486 0.96 0. 545 24 691 0.419 0.671

Wi-1 387 75 16 767 832 11.399 0.99 0. 590 47 784 0.474 0.705

w2 387 150 18 796 1155 10. 758 0.97 0. 656 50 549 0.533 0.778

W3 387 225 18 776 629 10. 425 0.98 0.618 48 935 0.492 0.745
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Fig.2  Dynamic process curves of biomass accumulation and comparison between simulated and

observed biomass of winter wheat for Logistic model calibration
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Fig.3 Comparison between simulated and observed above-ground biomass of winter wheat for validation
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