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Construction and Spatio-Temporal Variation of Low-Temperature

Freezing Injury Intensity Index of Winter Wheat in Jiangsu Province
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Abstract: Constructing a quantitative index to characterize the intensity of low-temperature freezing injury
of winter wheat and revealing its spatio-temporal variation characteristics is crucial for scientific prevention
of low-temperature freezing injury of winter wheat. Based on the winter daily meteorological observation
data in Jiangsu Province from 1972 to 2022, disaster data of freezing injury of winter wheat from 2010 to
2022, and yield data of historical extreme freezing injury years, this paper determines the impact weights
of disaster-causing factors on different types of freezing injury, and establishes three main types of freezing
injury indices, including low-temperature freezing injury (last November to March), freezing injury during
overwintering period (late December to mid February), and freezing injury during regreening-jointing
period (late February to March). Multiple mathematical statistical methods such as Mann-Kendall muta-
tion test and k-means clustering are used to conduct spatio-temporal analysis and evaluation of low-temper-

ature freezing injury of winter wheat. Based on the ranking of freezing injury intensity during overwintering
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period and regreening-jointing period, two types of freezing injuries are classified into three levels, which
are mild, moderate and severe. The results show that there is a significant difference in the intensity indi-
ces of low-temperature freezing injury between the north and the south of Jiangsu Province. They can be
divided into high-risk zone (Xuzhou, Lianyungang, Sugian, Huai’an and Yancheng), medium-risk zone
(Nanjing, Yangzhou, Taizhou and Nantong), and low-risk zone (Zhenjiang, Changzhou, Suzhou and
Wuxi). Over the past 51 years, the intensity index of low-temperature freezing injury of winter wheat ex-
perienced a sudden decline in 1989 in Jiangsu Province. The severe freezing injury during overwintering
period and regreening-jointing period both jumped from a relatively more injury period to a relatively fewer
injury period in the late 1980s. Although the frequency of freezing injury during the development period of
winter wheat has shown a decreasing trend, the intensity of extreme freezing injury has been increasing,
and even the freezing injury index in some areas exceeded the historical record of 1977 in the 21st century.

Key words: winter wheat, low-temperature freezing injury, risk zone, intensity index, Jiangsu Province
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in Jiangsu Province from 1972 to 2022
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Table 1 The annual average number of low-temperature days
and annual average negative accumulated temperature in

various regions of Jiangsu Province from 1972 to 2022
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B 58027 28.8 —59.6
b 58044 31.6 —67.4
15 i 58131 29.0 —61.4
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4k 58154 20. 8 —36.7
5 58238 12.2 —20.3
M 58245 15.6 —25.3
M 58246 14.2 —22.6
BRI, 58252 11.6 —18.1
iE 58259 9.5 —14.0
M 58343 9.7 —15.1
TR 58349 6.4 —9.0
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Fig. 3 Interannual variation of low-temperature freezing injury intensity index of winter wheat
in various regions of Jiangsu Province from 1972 to 2022
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Table 2 Classification of low-temperature freezing injury intensity index of
winter wheat in various regions of Jiangsu Province from 1972 to 2022
W% ﬁ“ﬁ%?;}éﬁ%?ﬁﬁ BUR 5
e B E B e EiE s
M 7.5 WTI<0. 10 0. 1<<WTI<0. 41 WTI>0.41
ik 7.0 WTI<C0. 10 0. 1I<<WTI<0. 38 WTI>0. 38
i it 7.8 WTI<0. 24 0. 24<<WTI<0. 34 WTI>0. 34
HE 4 6.4 WTI<0. 16 0. 16<<WTI<0. 33 WTI>0. 33
Ehk 7.3 WTI<C0. 12 0. 12<<WTI<0. 33 WTI>0. 33
i 6.1 WTI<0. 08 0. 08<XWTI<0. 37 WTI>0. 37
M 6.1 WTI<0. 10 0. 10<<WTI<0. 32 WTI>0. 32
=M 5.9 WTI<C0. 09 0. 09<<WTI<0. 33 WTI>0. 33
YL 5.5 WTI<0. 10 0. 10<<WTI<C0. 29 WTI>0. 29
7538 6.1 WTI<C0. 12 0. 12<<WTI<0. 27 WTI>o0. 27
HM 5.3 WTI<C0. 10 0. 10<<WTI<0. 27 WTI>0. 27
PRy 4.7 WTI<0. 11 0. 11<<WTI<0. 31 WTI>0. 31
Jo 4.9 WTI<C0. 11 0. 11<<WTI<0. 30 WTI>0. 30
F3 1922022 FIIHFEEMENERRER AR A B A 0 R 5 R O3 R BT A A% L

BEAEREIRMZEME (LM %)
Table 3  Probability of occurrence for low-temperature freezing
injury intensity index at different levels of winter wheat in
various regions of Jiangsu Province from 1972 to 2022 (unit; %)

L IX B i I
M 19. 61 21.57 13.73
E W 17. 65 19. 61 17. 65
T i 33.33 5.88 17. 65
e 39. 22 7.84 11.76
i 19. 61 21.57 13.73
P A 15. 69 29. 41 11.76
M 21.57 25. 49 11.76
M 25. 49 25. 49 7.84
FHIL 23.53 19. 61 13.73
P 38 17. 65 21.57 15. 69
wAMN 21.57 25. 49 9. 80
M 31.37 17.65 9. 80
T 29.41 17. 65 7.84
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A—FLL FJETE 19721988 4, 1 3R Il R 5 4F
B ) 43 A B — 3. TR AL R 2010—2022 4F f)
A VR I o S R 4y 45 R IEAT B IE . & B 2011
4F,2016 4EFI 2021 AF R S5 2 R F R A B I A
Gy RAAE 2011 4F 1 H i A) L2016 4FE 1 H B R A
20214 1 A EA. 3508 BB R, 2011 4F 1
JIUE A b X A s o A AR B AIK T — 10°C L W LA
A HlL XA 3 TR B — 10~ —6 C L BREg Iy 1961 4F
DK AR 1978 4E LISk 1 H R ARME . 24 K H
VEW) 38 32 R . 2016 4 1 J 20—24 H i K i i 2
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Table 4 Classification of freezing injury intensity index of winter wheat in various regions of

Jiangsu Province during overwintering period from 1972 to 2022

o e O
1 [X Feig i/ C JdREEMEIE/C B T i
B 12.0 —15.8 CDL,.<0. 51 0. 51<<CDI,,,<0. 63 CDI,, >0. 63
A 10.0 —13.6 CDI,<0. 57 0. 57<<CDI,,,<0. 68 CDI,,>0. 68
T iF 9.9 —16.1 CDI,<0. 49 0. 49<<CDI,,,<C0. 60 CDI,, >0. 60
Wil 11.0 —14.2 CDIL,<0. 49 0. 49<CDI,,,<0. 60 CDI,, >0. 60
ik 11.7 —13.5 CDI,<0. 49 0. 49<<CDI,,,<20. 60 CDI,, >>0. 60
i 10.8 —13.1 CDI,<0. 47 0. 47<CDI,,,<0. 58 CDI,, >0. 58
M 11.6 —12.0 CDI,<0. 45 0. 45<CDI,,<C0. 57 CDI,, >0. 57
M 11.2 —12.1 CDL,<0. 44 0. 44<CDI,,,<C0. 58 CDI,, >0. 58
BT 11.2 —11.3 CDI, <0. 44 0. 44<<CDI,,,<00. 56 CDI,,>0. 56
i 13.2 —9.6 CDI,,<0. 46 0. 46<<CDI,,,<C0. 56 CDI,>0. 56
N 10.9 —12.8 CDIL,<0. 41 0. 41<<CDI,,<C0. 55 CDI, >0. 55
S 12.0 —8.3 CDI,,,<0. 48 0. 48<CDI,,<0. 61 CDI,,>0. 61
Tt 10.9 —11.8 CDI,<0. 43 0. 43<CDI,,,<00. 55 CDI, >0. 55

O 1971 ALK 1A [ H de 5t f) — Y 3 o L aod e
MERZZE HERE R Z R EE . i 2021 4F 1 A LR %
PR IE W R . 1 A B ) A ol — =~ ol a5 4
B 1961 4 U Dy s [m) R 19 i Tz » &/ &
R ARBIE 20 4R Z . PRIL 4 3 B A ST R
i JEE 95 BURE ATy b S I A /N 22 g AR A ST Y R I
D& IR R . o B s R M B
300 S5 M B A SR S AE 2021 4 I8 B g R IR
L AT DL e A U R T Y 6 R O B AT IR D A A I T
A Bk .

B 4 GEit 7 19722022 4F {19548 A [F) 45 2%
SR T I e AR DU ARIE VR S BTG BRAE JE » T DUKE
JOHLIS 7y 3 A4~ s E] BE L 23l & 19721990 48

45

1991—2008 4F=F1 2009—2022 4F, M EE K [a] R
ZH A TEIEWI R AA —E W BRI — R 8
I8 A4 o A5 TE By A& 1989 4F Fif B4 ) 0 2 R
H AR KRB AR (A2 B S
5 78 W+ o I AU O W T R A ZE Ve A AU IR D
CRTAREE, 2022) AR R R Bt bl =z ok 2. BT LA
1989 4F J i it Wk B2 07 35 H B AR A0 02 W 1o
L A T R UR BRI . RO O 4k
S TR YA R 8 B A R P A i AR R S
FEMGR . TERMARMRE T & /N L W 58 ) T R
TR AR SR KR R B VR A R 15 31 58 43 1 Bt €
B I SR AR IR R ORI Sy R, [R]L AE
I 8] N 22 A 8808 35 23 0 I R AR AN » EE T - 2021 4F

=4
W

Wi o mEE
40 -
i |
30
%251 | I ‘ I II | I I | I
,Ezo—. ] | | . AEr
=I5 h I
AL A
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Fig. 4 Interannual variation of the frequency of mild. moderate and

severe freezing injury of winter wheat in Jiangsu Province during

overwintering period from 1972 to 2022
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R R WRE R R A B, o LE L2009 4R
JE IR R MR DU A R E O A
2010 4F 2013 4F- A 2015 AR L VR . FE R A
FEUEDL AT DL AR T — 4T R Y R A A
& 11 H ZWAE 3 H i B AR TR R T 0 v AU X

54 2010—2022 AFVLINE VR FAG RORNE B
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Table 5 Classification of freezing injury intensity index of winter wheat in Jiangsu Province

during regreening-jointing period from 1972 to 2022

I N SV HIFER
X FelRi(E/ C W RREMAE/C o g i
B 10.9 —7.5 CDI,,<<0. 56 0. 56=<<CDI,,<<0. 66 CDI,,>0. 66

W 12.2 —9.0 CDI,,<<0. 51 0. 51<<CDI,<0. 59 CDI,>>0. 59

15 1L 12.2 —7.4 CDI,,<<0. 51 0.51<<CDI,<0. 59 CDI,,>0. 59
e 12.5 —7.7 CDI,,<<0. 46 0. 46<<CDI,<<0. 55 CDI,, >0. 55
£k 13.6 —7.1 CDI,,<<0. 47 0. 47<<CDI,,<<0. 55 CDI,, >0. 55
[ 12.2 —8.2 CDI,,<<0. 40 0. 40<<CDI,<<0. 49 CDI,,>>0. 49
M 13.3 —6.6 CDI,,<<0. 44 0. 44<CDI,<<0. 52 CDI, >0. 52
Z&M 12.2 —6.7 CDI,,<<0. 44 0. 44<CDI,,<<0. 60 CDI,, >0. 60
FHIT 12.2 —6.4 CDI,,<<0. 41 0. 41<<CDI,,<<0. 52 CDI,, >0. 52
e 10.9 —6.4 CDI,,<<0. 46 0. 46<<CDI,<0. 57 CDI,>0. 57
gl 12.6 —7.2 CDI,,<<0. 42 0. 42<<CDI,,<<0. 56 CDI,,>0. 56
BisA| 11.6 —5.0 CDI,,<<0. 47 0. 47<CDI,,<0. 60 CDI,, >0. 60
1% 10.9 —6.3 CDI,,<<0. 43 0. 43<<CDI,<0. 56 CDI,, >0. 56
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Fig.5 Interannual variation of the frequency of mild, moderate and

severe freeze injury of winter wheat in Jiangsu Province during

regreening-jointing period from 1972 to 2022
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