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Influence of climate change on sterile-type cooling injury in rice in Heilongjiang

Province, China
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Abstract; Climate change and its effects are the major concerns among researchers in a variety of fields. A large quantity of
rice is produced in Heilongjiang Province, China; however, the yield and quality can be adversely affected by low
temperatures. Heilongjiang Province shows obvious signs of climate warming. Therefore, in the context of climate change,
understanding the causes cold damage of rice at booting and heading stages leading to sterility could provide scientific basis
for reliable rice production in Heilongjiang Province. We analyzed the influences of climate change cold-damage induced
sterility in rice in Heilongjiang Province. Using meteorological data from 70 weather stations during the period between 1971
and 2012 and rice phenology data from 10 of these stations between 1980 and 2011, rice phenological parameters for the
other 60 stations were estimated. This was done by applying the phenology law proposed by A. D. Hopkins combined with
indices of cold-damage induced sterility in rice (following meteorological standard QX/T101-2009: degrees of cooling injury
of rice and maize, Chinese Meteorological Administration, 2009). (1) The frequency of cold-damage induced sterility at
booting stage of rice was highest in the 2000s, followed by the 1970s and 1980s, and was the lowest in the 1990s. The
widest distribution of cold-damage induced sterility at booting stage ( approximately 5—20 counties) happened in 1971,
1986, 1990, 1991, 2001, 2006, and 2009. The frequency of cold-damage induced sterility at heading stage was higher
during the 1970s and 1980s, and lower during from the 1990s to 2000s. The widest distribution of cold-damage induced
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sterility at heading stage ( more than 20 counties) occurred in 1971, 1972, 1977, 1981, 1990, 1992, and 2012. (2) Both
the frequency and geographical extent of cold-damage induced sterility at booting stage were higher than that at heading
stage. (3) Rice planting patterns, which are determined based on accumulated temperature, changed with changes in
climate. The potential area of cultivation of each variety extended northward and eastward gradually. The potential areas of
cultivation for very-early-maturating, early-maturating and middle-maturating varieties were reduced to 5, 21, and 11
counties, respectively. However, the potential areas of cultivation of middle-late-maturating and late-maturating varieties
expanded to 14 and 23 counties, respectively. Therefore, the change in potential cultivation area for late-maturating
varieties was the most significant. (4) With the changes in planting distributions of rice, the frequency of cold-damage

induced sterility in rice was variable, with the lowest occurrence in the 1990s and the highest occurrence in the 2000s.
Key Words: climate change; Heilongjiang Province; rice; sterile-type cooling injury
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Fig. 1 Frequency of sterile-type cooling injury at booting stage of rice during each decade (1970s, 1980s, 1990s, and 2000s) in

Heilongjiang province
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Fig. 2 Annual series of the numbers of counties with sterile-type cooling injury at booting stage of rice in Heilongjiang province
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Fig. 3 Frequency of sterile-type cooling injury at heading stage of rice during each decade (1970s, 1980s, 1990s, and 2000s) in

Heilongjiang province
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Fig. 4 Annual series of the numbers of counties with sterile-type cooling injury at heading stage of rice in Heilongjiang province
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Fig. 5 Frequency of sterile-type cooling injury of rice from 1971 to 2012 in Heilongjiang province
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Fig. 6 The planting distributions for each maturating-type variety of rice during each decade in Heilongjiang province
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