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Research advance on optimizing annual distribution of solar and heat resources
for double cropping system in the Yellow-Huaihe-Haihe Rivers plain
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Abstract: Optimizing the distribution of annual solar and heat resources is an important way to improve the annual yield and
resource use efficiency without increasing input for the winter wheat—summer maize of the Yellow-Huaihe-Haihe Rivers plain.
During 1980s, the researchers began to explore ways to increase the efficiency utilization of solar and heat resources from the
sowing/harvest adjustment, variety selection, and intensive cropping system innovation. Based on study of matching relation be-
tween crop growth and resources, a technological approach to optimize the distribution of solar and heat resources was put for-
ward by strengthening the high photosynthetic efficiency of “C4 maize”. Then, the winter wheat and summer maize “double late”
technology, winter wheat/spring maize/summer maize, winter wheat/spring maize/summer maize/autumn maize cropping systems
were established, which realized high yield and high efficient utilization of resources. In this paper, we reviewed current theoreti-
cal and regulation approaches for optimizing distribution of solar and heat resources of double cropping system in the
Yellow-Huaihe-Haihe Rivers plain. Then proposed a quantitative and optimal resources distribution method for double cropping
system, and set up the unified quantitative indexes for resources distribution between winter wheat and summer maize, which
could provide theory support for further increasing anniversary production and resource utilization efficiency of the
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Yellow-Huaihe-Haihe Rivers plain.
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F1 ARKEFREEHRESHAEMEREETELARX

Table 1 The quantitative index and formula of resource distribution and utilization

Index Formula Index Formula

TDR / TR /

Single seasonal AT of annual AT First season AT/second season AT
RDR / RR /

Single seasonal Ra of annual Ra First season Ra/second season Ra
PDR / PR /

Single seasonal Pr of annual Pr First season Pr/second season Pr

TPPE / TSR /

Yield/AT and Ra production potential AT satisfaction rate Annual AT/AT required by crop

AT: s Ra: ; Pr:

AT: accumulated temperature; TDR: accumulated temperature distribution rate; TSR: accumulated temperature satisfaction rate; TR: accu-
mulated temperature ratio between two seasons; Ra: accumulated radiation; RDR: radiation distribution rate; RR: radiation ratio between two
seasons; Pr: precipitation; PDR: precipitation distribution rate; PR: precipitation ratio between two seasons; TPPE: AT and Ra production
potential equivalent.

, — 71%~76% -
( 2 ( 3 ,
( 4 wel
, 43% , 2006—2010
57%, 0.7, 3012 - ,
58%  42%, 1.4, -
, 24%~29% ( 5P ,

x2 BNE-EERSFRARAERESKL

Table 2 Annual accumulated temperature distribution for winter wheat—summer maize cropping systems

Winter wheat Summer maize Annual
Site
AT (°C) TDR (%) AT (°C) TDR (%) AT (°C) TR
Henan 2346.2 a 43 31423 a 57 5488.6 a 0.7
Shandong 2263.6 b 43 2983.0b 57 5245.8 b 0.7
Hebei 2135.0 ¢ 43 2865.9 ¢ 57 5000.9 ¢ 0.7
0.05

AT: accumulated temperature; TDR: accumulated temperature distribution rate; TR: accumulated temperature ratio between two seasons.
Values followed by different letters are significantly different in grain yield among the provinces at the 0.05 probability level.

£3 ZNE-EERSFRARFEH SR

Table 3 Annual radiation distribution for winter wheat—summer maize cropping systems

Winter wheat Summer maize Annual
Site ) ) -2
Ra (MJm °) RDR (%) Ra (MJm *) RDR (%) Ra (MJm *) RR
Henan 2437.7b 59 1687.2 b 41 412490 1.4
Shandong 2659.7 a 58 1924.5 a 42 4547.6 a 1.4
Hebei 2636.3 a 58 1857.7 a 42 4494.0 a 1.4
0.05

Ra: accumulated radiation; RDR: radiation distribution rate; RR: radiation ratio between two seasons. Values followed by different letters are
significantly different in grain yield among the provinces at the 0.05 probability level.
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Table 4 Annual precipitation distribution for winter wheat—summer maize cropping systems

Winter wheat Summer maize Annual
Site
Pr (mm) PDR (%) Pr (mm) PDR (%) Pr (mm) PR
Henan 160.9 b 29 3932b 71 554.1b 0.4
Shandong 1932 a 25 582.8a 75 776.0 a 0.3
Hebei 117.5¢ 24 366.5 ¢ 76 484.0 c 0.3
0.05

Pr: precipitation; PDR: precipitation distribution rate; PR: precipitation ratio between two seasons. Values followed by different letters are

significantly different in grain yield among the provinces at the 0.05 probability level.

x5 ZPME-EERSFEASE. XREFBHMLREFEHLEE
Table S Grain yield, radiation and temperature production potential, radiation and temperature production potential equivalent of
winter wheat—summer maize cropping system

Winter wheat Summer maize
Site Yield TPPy Yield TPPy
(kg hm ™) (kg hm™?) TPPE (%) (kg hm?) (kg hm ™) TPPE (%)
Henan 10,626.9 a 17,887.2 a 594 a 13,178.4 b 19,868.2 b 66.3 a
Shandong 10,391.6 a 17,502.3 a 59.3a 14,350.4 a 21,162.8 a 67.8 a
Hebei 9407.8 b 15,732.8 b 59.8a 10,951.5¢ 16,896.8 ¢ 64.8 a

0.05
TPPy: AT and Ra production potential; TPPE: AT and Ra production potential equivalent. Values followed by different letters are significantly
different in grain yield among the provinces at the 0.05 probability level.
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