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Optimal sowing date of spring maize under different water supply conditions’

LI Yang"’, WANG Jing”", WANG Peijuan', YIN Hong’, HU Qi’, HUANG Mingxia’, CHEN Renwei’

(1. Chinese Academy of Meteorological Sciences, Beijing 100081, China; 2. College of Resources and Environmental Sciences, China Agri-
cultural University, Beijing 100193, China; 3. National Climate Center, Beijing 100081, China)

Abstract: Spring maize is an important food crop in the semi-arid region of northern China. However, owing to the low amount and
high interannual and intramonthly variability of precipitation in this region, the yield of spring maize is low and unstable. Selecting a
suitable sowing time can help increase the yield and yield stability of spring maize. However, it is difficult to determine the optimal
sowing time for spring maize because it changes with the various water supply conditions in this region. To investigate the optimal in-
terval of sowing time and optimal sowing time for spring maize in the semi-arid areas of northern China under different water condi-
tions, this study used the calibrated and validated APSIM-Maize model to explore the optimal sowing time of spring maize under dif-
ferent water supply conditions [rainfed conditions, irrigation of 60 mm, irrigation of 120 mm, irrigation of 180 mm, irrigation of
240 mm, and potential condition (irrigation of 308 mm)] at a typical site in the semi-arid region. The main results of this study are as
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follows: 1) by taking the 5% quantile of spring maize yield as the threshold for yield difference, the optimal time interval of sowing
time could be set at four days as a reference for the serial-sowing experiment and simulation of spring maize. 2) When spring maize
was sown between May 14 and 17, the yield guarantee rates under most water supply conditions were higher than those during the
other sowing periods. The optimal sowing time for spring maize was significantly associated with water availability during the growth
period. With an increase in irrigation amount, the optimal sowing time for spring maize advanced, and the range of the optimal sow-
ing date was extended (rainfed condition: May 14 to 17; irrigation of 60 mm: May 14 to 25; irrigation of 120 mm: May 14 to 29; irri-
gation of 180 mm: May 10 to 29; irrigation of 240 mm: May 6 to 29; potential condition: May 6 to June 2). Under rainfed conditions,
the mean yields of spring maize in the dry years, normal years, and wet years were 0.9, 2.3, and 5.5 t-hm ", respectively. The spring
maize yield within the optimal sowing window under rainfed condition, and 60 mm, 120 mm, 180 mm, and 240 mm of irrigation and
potential condition were 4.0, 5.7, 6.8, 8.6, 10.1, and 10.4 t-hm~, respectively. 3) The meteorological determining factor of spring
maize yield under the potential condition was the solar radiation during growth period. Under 240 mm and 180 mm of irrigation, the
meteorological determining factors of spring maize yields were solar radiation and precipitation during the vegetative growth period
of spring maize. The growth period precipitation was the meteorological determining factor of spring maize yield under rainfed condi-
tions and irrigation of 120 and 60 mm. Our results revealed the optimal sowing date and its change with the water supply conditions.
The results of this study provide a scientific reference for sowing spring maize at a suitable time by considering the water available in
the semi-arid region of northern China.

Keywords: Spring maize; Sowing window; Optimal sowing date; Yield guarantee rate; Water use efficiency; Irrigation; Precipitation
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Fig. 1

Solar radiation, mean temperature, precipitation of growing season (April to September), and monthly solar radiation, mean

temperature, precipitation at Chifeng from 1961 to 2023
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Table 1 Parameters of soil profiles at the study site
T2 A TS KA HITa] 57K 4k PRk
Soil layer (cm) Bulk density (g-cm ) Saturated water content (mm-mm ) Field capacity (mm-mm ") Wilting water content (mm-mm )
0~20 1.23 0.393 0.286 0.149
20~40 1.23 0.391 0.283 0.159
40~60 1.21 0.392 0.316 0.173
60~80 1.21 0.390 0.345 0.178
80~100 1.21 0.406 0.357 0.195
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Table 2 Parameters of maize cultivar ‘Zhengdan 958’ in the APSIM-Maize model

R HE e filiik fH

Cultivar parameter Description Value
tt_emerg_to_endjuv (°C-d) HB S SR A KIEE T 75 BUE Accumulated temperature from seedling to end of vegetative phase 200
tt_flower to_maturity (°C-d) FFAE B BT 7 BLUE Accumulated temperature from flowering to maturity 700
tt_flower to_start_grain (°C-d) FFAEBHEH s B Accumulated temperature from flowering to grain filling 150
photoperiod_slope (°C-h™") JEJA B4 Photoperiod slope 23.0
grain_gth_rate [mg(grain)-d '] HESK A Grain-filling rate 12.0
grain_gth no_max I KAFPRIEL Maximum grain numbers per head 660

&3 FTRIE APSIM-Maize 2B A B8 958 MM S H A Ih = B H) ZE B ERE . MRENHFERERNIFARER
Table 3 Detailed information of experimental site, sowing date, density, yield, irrigation, nitrogen application rate, and data source
of maize cultivar ‘Zhengdan 958 used for verification of APSIM-Maize model

H _ EZL:‘H‘ ,‘*‘r,“l[ ~?:‘IL Sys =N . .
S g WHCR) i MERERL R Sk Betm
Site Year Sowing date Density ) Irrigation Nitrogen apphcatljon amount Yield Data source
(month-day) (plants'm °) (mm) (kg'hm ™) (thm®)
PRI
Hohhot, Inner Mongolia 2013 04-20, 04-30, 05-10 6 100 300 10.9,11.3, 12.1 [27]
17 B
o 2014 04-26 6 0 340 12.5 [28]
Fuxin, Liaoning
LT R
. ﬁ . 2015 05-19 6 0 340 6.9 [28]
Fuxin, Liaoning
S R R . . .
ISCIOREE 05-05 7.5 %42 Sufficient /2 Sufficient 93 [29]
Chifeng, Inner Mongolia
WS 1L . A
2020 05-08 7.5 Ft/E Sufficient FtME Sufficient 10.8 [30]

Tongliao, Inner Mongolia
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Fig. 2 Potential sowing window of spring maize at Chifeng
from 1961 to 2023
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Table 4 Year type division of Chifeng site based on the growing season (April to September) precipitation from 1961 to 2023

AEA Year type AEA)y Year
e 1966, 1967, 1968, 1971, 1972, 1975, 1977, 1980, 1981, 1982, 1983, 1984, 1988, 1989, 2000, 2001, 2004, 2006, 2007, 2008, 2009, 2011,
T 54F Dry year
2012, 2019, 2022, 2023
IE# 4 Normal year 1961, 1963, 1965, 1970, 1973, 1974, 1976, 1978, 1987, 1992, 1996, 1999, 2002, 2003, 2013, 2014, 2015, 2017, 2021
TRIEAE Wet year 1962, 1964, 1969, 1979, 1985, 1986, 1990, 1991, 1993, 1994, 1995, 1997, 1998, 2005, 2010, 2016, 2018, 2020
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Fig. 3 Comparison between observed and simulated vegetative growth period, reproductive growth period, and yield of spring maize

*: P<0.05; **: P<0.01.

by APSIM-Maize model

£S5 FEERAKEBEHA-B) WUSEE
Table 5 Spring maize sowing time (month-day) division and range
Erigey] iR G 4 il iR 4 i iR 45

Sowing date Beginning Ending Sowing date Beginning Ending Sowing date Beginning Ending

A 04-16 04-19 H 05-14 05-17 O 06-11 06-14

B 04-20 04-23 I 05-18 05-21 P 06-15 06-18

C 04-24 04-27 J 05-22 05-25 Q 06-19 06-22

D 04-28 05-01 K 05-26 05-29 R 06-23 06-26

E 05-02 05-05 L 05-30 06-02 S 06-27 06-30

F 05-06 05-09 M 06-03 06-06

G 05-10 05-13 N 06-07 06-10
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Fig. 4 Guarantee rates of spring maize yield for various sowing dates under different water supply conditions
1&40] A-S HAK H 4] W3 4. Exact date of sowing dates A to H is shown in Table 4.
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I A-S HLUK H I3 4. Exact date of sowing dates A to H is shown in Table 4.
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