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Table 1 Geography and climate in main cultivation

counties of tasty kiwifruit

R Ho FRA E 4 /m 11 —R4E 2 JI R ARAR/°C
HE 34.1°N,108. 6°E 411.0 —14.5
JH = 34.1°N,108. 2°E 436.0 —14.3
JE B 34.3°N,107. 7°E 517.6 —16.1
K2z 34.1°N,108. 9°E 445.0 —17.4
W) 34.3°N,108. 2°E 471.0 —17.7
H#1 32.4°N,113.4°E 153.0 —16.8
74 I 33.3°N,111. 5°E 250. 3 —11.5
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Table 2 Minimum temperatures and damage rates of

overwintering freezing injury of tasty kiwifruit

o e Ja & JHE Hi A
BAVR/C ORI/ RAVIR/C ORBUR/ % BAVOR/CORBIE/ % BAVKIR/C O ORBIR/ %

1991 4 —13.5 70 —15.6 70 —14.3 70 —16.8 70
2002 4F —11 50 —16.1 70 —11.7 30 —8.2 30
2007 4 —9.5 30 —12.1 30 —10. 4 30 —11.3 50
2009 4 —6.3 0 —9.7 30 —8.5 30 —6.6 0
2011 4 —8.7 30 —14.1 30 —13.7 50 —7.4 30
2015 4F —14.0 50 —12.3 30 —12.4 30 —10.2 30
2020 4 —11.2 30 —11.2 30 —11.5 30 —8.8 30
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Table 3 Low temperature indicators and symptoms of overwintering freezing injury of tasty kiwifruit
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Table 4 Disaster factors and damage rates of overwintering freezing injury of

tasty kiwifruit at Zhouzhi, Meixian, Huyi and Tongbai

Z P E (XD i A 1 X:/C Xy /d X;/CCd) Xu/CC ) L/%
1991 4¢ —14.3 8 17.5 1. 06 70
2002 4 —11.7 5 4.8 0.34 30
2007 4F —10.4 4 3.5 0.21 30
JH = 2009 4F —8.5 2 0.5 0.02 30
2011 4F —13.7 6 12.3 0. 60 50
2015 4F —12.4 6 15.3 0.74 30
2020 4F —11.5 6 10.1 1.09 30
1991 4¢ —15.6 8 23.3 1.47 70
2002 4F —16.1 12 36. 4 1. 90 70
2007 4F —12.1 11 14.8 0.86 30
=E=1 2009 4E —9.7 9 6.3 0. 30 30
2011 4 —14.1 8 21.0 0.93 30
2015 4F —12.3 5 10. 8 0. 56 30
2020 4F —11.2 5 6.4 0.70 30
1991 4¢ —13.5 6 12.7 0.82 70
2002 4 —11.0 5 4.7 0.35 50
2007 4 —9.5 2 2.3 0.15 30
E= 95 2009 4E —6.3 0 0.0 0. 00 0
2011 4F —8.7 1 0.7 0.05 30
2015 4F —14.0 5 17.1 0. 80 50
2020 4F —11.2 6 11.5 0.83 30
1991 4¢ —16.8 6 19.1 0.81 70
2002 4F —8.2 2 0.3 0.01 30
2007 4 —11.3 4 5.0 0.21 50
i #4 2009 4E —6.6 0 0.0 0. 00 0
2011 4E —7.4 0 0.0 0. 00 30
2015 4F —10.2 2 3.3 0.13 30
2020 4 —8.8 2 1.1 0.04 30
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Table 5 The correlations between the disaster factors and the damage

rates of overwintering freezing injury of tasty kiwifruit

TR X,/C X,/d X;/CCd) Xy/CC D L/%

X,/C 1 —0.782 —0.895 —0.851 —0.823

X;/d 1 0. 838 0. 843 0.575
X3/CC «d) 1 0.948 0. 680
X, /CC - d 1 0.654
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Table 6 The low temperature indicators,comprehensive indicators and damage rates of

overwintering freezing injury of tasty kiwifruit at Wugong,Changan and Xixia

At K K% 5 bk

Ty/C I L/% Tv/C I L/% Typ/C Iy L/%
1991 4 —17.7 2.79 70 —17.3 2.94 70 —11.5 —1.10 30
2002 4 —12.1 0.22 30 —15.0 1.62 50 —8.0 —2.14 30
2007 4E —12.1 0. 87 30 —12.7 0. 63 30 —6.7 —2.43 0
2009 4F —9.0 —1.08 30 —10.6 —0.05 30 —7.5 —2.33 0
2011 4% —13.1 0.27 30 —12.7 —0.14 30 —6.2 —2.50 0
2015 4 —14.9 1.82 50 —17.4 2.70 70 —7.0 —2.39 0
2020 4F —12.9 1. 34 30 —13.9 1.38 50 —7.0 —2.44 0
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Abstract

China has the largest artificial planting area of kiwifruit, of which 67% is tasty kiwifruit. Tasty ki-
wifruit is mainly distributed in the north foot of Qinling Mountains in Shaanxi Province (about 40% of the
national kiwifruit industry scale), and Funiu Mountain and Tongbai Mountain in Henan Province (about
20% of the national kiwifruit industry scale). These two producing areas locate in the northern edge of
China’s kiwifruit planting area, where the risk of overwintering freezing injury is high to cause great eco-
nomic losses to fruit farmers. Therefore, it is especially important to study the freezing injury indicator of
tasty kiwifruit for the introduction and expansion of tasty kiwifruit, disaster prevention and mitigation,
and stable development of the industry.

Through disaster investigation, expert interview, data research and other methods, 7 large-scale
freezing injury cases of tasty kiwifruit in 1991, 2002, 2007, 2009, 2011, 2015 and 2020 are selected. The
disaster cases of four counties, namely Huyi, Zhouzhi, Meixian and Tongbai are used as samples. The
critical occurrence indicator of the overwintering freezing injury of tasty kiwifruit is determined as
—8.0C. The low temperature indicator (T},) of mild, moderate and severe freezing injury of tasty ki-
wifruit are determined as follows: —12. 0°C < Tp, <L —8.0C, —15.0C <<Tp<<—12.0%C, and Tp <<
—15.0°C. Four factors are defined as: Winter minimum temperature (X,) ., days of low temperature below
—8.0°C (X,), absolute value of negative accumulated temperature below —8°C (X;), and process harm-
ful accumulated cold below —8°C (X,). Using principal component analysis and K-means clustering analy-
sis, the comprehensive indicator (I,) of tasty kiwifruit overwintering freezing injury is constructed, and
the ranges of I, for different levels of freezing injury are as follows: —2. 08<CI,<C0. 82 for mild freezing in-
jury, 0.82<C I,<(2. 15 for moderate freezing injury, and I,>2. 15 for severe freezing injury. The indica-
tors mentioned above are verified by the freezing injury cases of tasty kiwifruit in Changan, Wugong and
Xixia counties. The results show that low temperature indicators and comprehensive indicators of overwin-
tering freezing injury of tasty kiwifruit are basically consistent with the actual situation. The results can
support the prevention and evaluation of the freezing injury of tasty kiwifruit during overwintering period,

and also can provide reference for industrial layout optimization and introduction of tasty kiwifruit in China.

Key words: tasty kiwifruit; overwintering freezing injury; indicator; principal component analysis;

K-means clustering analysis



