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Temporal and spatial distribution and comprehensive defense technology of
freezing injury during apple bloom period in Southern Shanxi Province

YUAN Jiawei, ZHANG Jian, WANG Lu, ZHANG Pengfei, LIANG Zhejun, TIAN Shimin, XUE qinqin,
WANG Ailing, ZHANG Zhanbei, DUAN Guoqi, YANG Yinbin, WANG Yuxiang
( Cotton Research Institute, Shanxi Academy of Agricultural Sciences, Yuncheng, Shanxi 044000, China)

Abstract: Using minimum daily temperature and average daily temperature observation data at apple flowering
stage in Southern Shanxi during 1997-2016, according to apple cold hierarchy index in flowering period, using the
least square method to linear tendency estimate, low temperature cold days and Mann—Kendall nonparametric test
method for low temperature cold days in significance test, we analyzed the developing trend and the temporal and
spatial distribution characteristics of freezing injury of apple flowering stage in Southern Shanxi. The results showed
that the average annual number of low-temperature freezing days in the Southern Shanxi Province was 3.1 d, and
the average temperature in flowering period in all counties was between 13.0°C and 13.8°C. In mid-early April, the
Yuncheng area was prone to freezing damage, and in late April, Jixian and Xixian in Linfen were prone to freezing
damage. The number of freezing days in flowering period of apple in Southern Shanxi showed a decreasing trend ,
while the extreme minimum temperature in flowering period showed a rising trend, which was negatively correlated
with the number of freezing days. In the Southern part of Shanxi Province, the abrupt change point of the number of
freezing days during flowering period was in 2008, and the decreasing trend was more significant after 2015. For the
comprehensive defense measures of apple’ s low temperature damage, we can adopt a strategy of “prevention first,

combination of resistance and compensation” .
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Table 1 Classification of Fuji apple freezing injury
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Table 2 Climate statistics of low-temperature freezing injury in apple producing counties of Southern Shanxi from 1997 to 2016

i R H B/ T&ﬁ’ﬁfﬁﬁﬁﬁ/"c ﬁ.ﬁ’iﬁﬁi H 4 )1 VR R ( El.—.El ) 7 5 L 4l %
Site Ann‘ual ‘nL?mber of Extreme minimum Minimum temperature High frequency frostinjury Proportion
freezing injury days temperature occurs(m—d) occurred (d-d)
#] Yanhu 2.4 -3.6 04-13 10-16 46.81
&% Linyi 3.4 -4.2 04-03 10-16 47.76
H B Xiaxian 4.3 =7.1 04-13 08-14 45.35
JKEE Yongji 2.2 -2.5 04-13 07-13 37.21
T Hejin 2.1 -2.1 03-28 09-15 38.10
PIIR Ruicheng 3.9 -5.0 04-13 09-15 53.25
Fhfi Pinglu 2.4 -2.8 04-13 08-14 50.00
I Yuanqu 2.4 -3.4 04-13 10-16 50.88
2% B Jiangxian 3.0 =54 04-13 09-15 49.15
BRI Jishan 3.2 -3.4 04-13 09-15 50.00
Ji 5% Wanrong 4.0 -4.2 04-13 09-15 45.57
Fiz% Xinjiang 2.4 -2.7 04-13 09-15 57.45
[#] % Wenxi 4.0 -6.4 04-13 09-15 53.09
#E Jixian 3.8 -3.4 04-23 20-26 44.74
P Xixian 3.0 -3.9 04-13 20-26 48.28

T BT o B 1997 — 2016 4R 1) VR T w01 3 e A v B AR OB LU,

Note ; The proportion is the ratio of the number of freezing days during the high frequency period of freezing injury from 1997 to 2016 to the total num-

ber of freezing days.
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Table 3 Spatial distributions of freezing injury and average annual
flowering dates at the stages of apple growth in Southern Shanxi
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