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Trends of spring maize phenophases and spatio-temporal responses to

temperature in three provinces of Northeast China during the past 20 years

LI Zhengguo'*, YANG Peng" ", TANG Huajun"?>, WU Wenbin"?>, CHEN Zhongxin', LIU Jia'?*, ZHANG
Li"?, TAN Jieyang'”*, TANG Pengqin'’

1 Key Laboratory of Agri-informatics, Ministry of Agriculture, Beijing 100081, China

2 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract ; Investigating the historical processes behind crop phenology is essential for understanding crop response and
adaption for climate change. Based on the 1990—2009 crop phenophase records from 46 agricultural meteorological stations
in three provinces of northeast China, the maize phenophases (including the stages of seeding, maturity and length of the
growth period) were extracted. The related annual slope change rates () were then calculated and used to analyze the
responses to temperature changes in the maize growing seasons of Northeast China during 1990—2009. The results showed
that (1) over the past 20 years, positive trends of average temperature in May (T;) and September (T,), as well as an
extended temperature-allowing period, were found in most areas of the three provinces. (2) With this background, various
changes and responses had occurred in maize phenophases. Temporal trends of advanced seeding stage (0.02<6 < 0.15 d/
a) , postponed harvesting stage (0.18<6 < 0.38 d/a) and extended length of the growth period (0.22<6 < 0.44 d/a) were
observed. It can be inferred the adaptive action by adjusting the early/middle maturing types to middle/late maturing types

has been implemented to fully utilize the prolonged growth period under climate warming. (3) In response to the rising trend
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of Ty, advancing of the maize seedling stage occurred, which was most significant in the north of Songnen Plain, the middle
and the east of Jilin and the middle of Liaoning. Corresponding to the rising trend of T, , the maize maturity stage showed a
postponement trend, which was more significant in the middle and east of Jilin. In response to the extending trend of the
temperature-allowing period, the maize growth period showed an overall significant extending trend. Generally, the
temperature changes during the crop growth period in Northeast China resulted in better temperature conditions for maize
growth-especially for early-planting, late-harvesting varieties with a longer growth period. This may benefit future maize
production, especially in northern areas. The findings provided implications for improving maize responses and adaptation
studies, for researchers wishing to breed higher yielding maize cultivars and for enabling maize production to cope with

ongoing climate change.

Key Words: maize phenophases; climate change; spatio-temporal response; three provinces of Northeast China
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Fig.1 Location of maize phenophase stations and spatial extent
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Table 1 Mean value and standard deviation of major maize phenophases in three provinces of Northeast China
4 5y Provinces

of cropland in the three provinces of Northeast China!*?]

Y115 Phenophases T e N
1990—1999  2000—2009 1990—1999  2000—2009 1990—1999 2000—2009
I Seedling stage A 5/22 5/20 5/18 5/18 5/13 5/12
b2 5.40 3.82 4.37 3.89 4.95 5.22
FR I Maturity stage S 9/23 9/24 9/19 9/21 9/16 9/20
bR 5.00 4.29 4.69 3.80 4.86 4.92
HF K Growth period  SEHI{H 124 126 125 127 125 131
FrifE 22 5.13 5.38 4.24 4.69 4.93 6.33
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Fig.2 Temporal trend of key phenophases of maize and climatic factors in three provinces of Northeast China ( 1990—2009)
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Table 2 Mean and standard deviation of climatic factors in three provinces of Northeast China
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Phenophases BRI Ak oy
1990—1999  2000—2009 1990—1999  2000—2009 1990—1999 2000—2009
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b2z 1.21 1.44 1.16 1.21 0.84 1.11

9 HHR Ty SEHE 12.80 13.78 14.67 15.49 17.81 18.46
b2z 1.02 0.78 1.00 0.51 0.93 0.45

R A K3 SR 189 192 203 204 216 220

Temperature-allowing period b2z 11.12 9.80 5.98 6.56 7.14 7.42
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AR L FAEEA — R, EARIL=E B R X3, B A 2 R B AR/ T 0.4, Kk 8 8 F K (P<0.05) , %
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Fig.4 Correlation coefficients and significant levels between T and maize seedling stage, between T, and maize maturity stage, between

temperature-allowing period and maize growth period in three provinces of Northeast China ( 1990—2009)
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