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Abstract: [Objective] This study explored low-temperature damage in Actinidia arguta to provide ref-
erence for freeze protection. [MethodsJThe MSX-2F artificial frost simulation chamber system was em-
ployed to simulate both historical low-temperature frost damage events and potential winter low-temper-
ature environments for Actinidia arguta. By measuring the freezing point temperatures of fruiting moth-
er branch cells from four Liaoning varieties and utilizing experimental methods including electrical con-
ductivity analysis, growth recovery assessment, and tissue browning evaluation, the frost damage indica-
tors of Actinidia arguta fruiting mother branches were systematically investigated. By observing the
freezing point in the cells of the fruiting mother branches of four varieties in Liaoning, as well as mea-
suring membrane leakage, post-frost growth recovery and tissue browning, damage caused by simulated
frost was observed in 4. arguta fruiting mother branches. [Results] Among the four main cultivars, Bin-
guo (a high-quality kiwifruit cultivar) had the weakest frost resistance; Huanyou No. 1 (a new kiwifruit
cultivar) and Haijia No. 1 (a high-yield variety) were in the middle; and Longcheng No. 2 (a strain with
strong adaptability) was the strongest in frost resistance. Based on the cell injury rate of the fruiting
mother branches as the main parameter together with the other parameters including the cell freezing
point temperature, bud retention rate, bud freezing index, branch freezing index, and the cell semi-lethal

temperature, the low-temperature frost damage of fruiting mother branches of 4. arguta was catego-
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rized into four grades: Grade 0, the fruiting mother branch cell injury rate was less than 10%; Grade 1,
the cell injury rate was between 10% and 30%; Grade 2, the cell injury rate between 30% and 50%; and
Grade 3, the cell injury rate greater than 50%. For the bingo varieties with the weakest frost resistance,
the thresholds of damaging intensity and duration of low temperatures at different grades were as fol-
lows: T = —25 °C, duration < 4 h fo Grade 0; =25 °C lasting 612 h for Grade 1; =30 °C lasting 4-12 h
for Grade 2; and —35 °C lasting 4-12 h for Grade 3. The thresholds of damaging daily minimum temper-
atures at different grades were Tmin = -26 °C for Grade 0, —26 to =32 °C for Grade 1; —32 to = —-34 °C
for Grade 2 and, <-34 °C for Grade 3. [Conclusion] There are significant differences in low-tempera-
ture tolerance among different Actinidia arguta varieties, which are mainly influenced by a combination
of genetic characteristics, physiological status, and environmental adaptations. In addition, the duration
of low temperature is one of the key factors affecting the degree of frost damage. Short-term low tem-
peratures may only cause minor damage to plants and have a small impact on yield, while prolonged
low temperatures can significantly aggravate frost damage and have a serious impact on yield and quali-
ty. Therefore, in the cultivation and management of A. arguta, it is necessary to comprehensively consid-
er the low-temperature tolerance of varieties and the effect of low-temperature duration on the degree of
frost damage, so as to ensure the sustainable development of the industry.
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Fig.1 Daily temperature variation curve during low-temperature process from January 22 to 26, 2018
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Fig. 7 The relationship between the freezing injury index of Actinidia arguta fruiting branches and the intensity and duration

of low temperature
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intensity and duration of low temperature
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12 h A0, R 5 2 4 HR7AE 1.7%~6.9% 1 7KF,
FEAR R KRR 5E s 5-30 °C/4~12 h 18], 40 f 13
FERPEFFE 10%4 47 :-30 °C/12 h }2-35 °C/4~6 h 2.
Vi) i 1 5 5 R R 2 ) i) I K PR v 5 H 12.0%
1928 45.5% ; f£-35 °C/8~12 h 46 1E R, s 5 % fa
SETE 45.5%~47.4% . A1 S AAE 15 40 s
FERANTERAWAL2 5 Z ], f£-25 °C/4~12 h

J=30 °C/4~8 h 24 T , 20 i 5 g AE 1 S g T

FEAR 15 5 #E-30 °C/10~12 h J2 35 °C/4~12 h %1

T AR R A 1 SRR TR 1.

XA 55 % R 4 ) ] 5 4 A i R &5 SRR (1)

2 B 475 3 R BEAT Logistic T FEFE /04T, W2 5 .
15 EEE 15 RIS B (RD 437108 0.83
0.85.0.83.0.73 (K 1), ¥ & FE ¥k B8 2 3 K -F
(p<<0.01), KT FE VT FEEHL = o R Logistic /7
R N5 =T =7 M = 2 E B W= N =y 5 3 3
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Table 1 Logistic fitting regression equations for the injury

rate of the fruiting branch cells of the four Actinidia arguta

varieties and corresponding semi-lethal temperature

PP e )| A BE
logistic J7 2 LTS0/C°C/hD AR

. .
Al Variety Logistic equation i3

I Binguo Y=100/(1+4 682.7¢**")  -30°C/12h  0.73"

25 ¥=100/(1+87 556.0¢**™) -35°C/12h  0.83"
Longchneg No.2

1S Y=100/C1+4 675.2¢"*"*) -35°C/10h  0.83"
Haijia No.1

FEAL 15 Y=100/(1+19 053.9¢****) -35°C/10h  0.85"

Huanyou No.1

W FRORTE 0.01 KPR AH G

Note: ** means extremely significant correlation at 0.01 level.
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(R 2 B A5 5 AR T 5%, —27 °CAA T, 4l i 5 3 %
T+ 2 12% ,-30~-32 °CYG [l 4 , 48 B 7 55 26 5 25%~
28%,-35 °CIJ , 40 a1 F5 2 2 il 7t i 15 3 62% .
T R 2 5 B Ak B A A 55 R B ] e IR PR P B A
EHEER EAERET T RZRE, £-25~-35°C
YO P, 4R T R A K AE N 5.4% . W32 Rk 2
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Fig. 9 Effects of daily minimum temperature on the cells
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AP R 2 5 PRI P BB 1 A1 5 3k R o R B
R, fE-25~-35 °CIIRIRTE N, ek 2 5 A1 3
FRACT 10%, A ZACIRIGEEL M. FHRA-25°C
IR T, BN ZARIR R FE 500, 27 °C A 4l 1 %2
B P ARIER 2, —30~—32 °CI 2 45 F 43530 30% , 3%
B b AR R T /K, B ARIR KT -34 °CLL R
IR, 20 17 2 R 50% , 18 52 5 B A IR 4 3

232 —RAERMERB AR P S RSRERE R B R
1 F TR R 2EE HA L 1
I 30 a B ) EL AR ity 55 A IR FE (2001 4 ) AT — IR i %
TR (2018 4E 1 H 22—28 H) . K10 A& L
WO R 2 5 R E R A o A 22 1 d (=27 °C) .
2 d(-27.-30°C).3 d(-27.-30.-25 °C) .4 d(-27.
-30.-25.-25 °C).5 d(-27.-30.-25.-25.-27°C).6 d
(-27.-30.-25.-25.-27.-32 °C) .7 d(-27.-30.-25.
—25.-27.-32.-35 °COfI i AL B J5 &5 5L BER 40 M 1
TR . B TR, ELTES:T d HRK
I B ~25~-35 °CI M IR I 5% A1 T, el 2 5 45 51
TR 40 0 45 56 2R AE 10% 72 A7, 28 B0 H B o 1 TR A1 3R
HEMERE ;5K 9 M HRIR A EE AR L, 75 SRR AR
F R T, R KR A B R R E R m T
ARG R 40 P A 5 2 IR 35 °C, i FR AR
T5 A0 B 45 N 10%, 1 HE L H =35 Ok i A B

*2 EAEIREMRIEEREBTHEY
Table 2 Simulation of daily temperature changes during a

strong cold wave in Kuandian county °C

1% H % Daily temperature
I )

Oclock BIK 2K HM3IK HM4K BSK B6R BIK
Day1l Day2 Day3 Day4 Day5 Day6 Day?7

15:00 -16.0 -18.0 -15.0 -150 -16.0 -19.0 -20.7
17:00 -17.0 -19.0 -16.0 -16.0 -17.0 -20.5 223
19:00 -18.0 -20.0 -16.5 ~-l165 -180 -21.0 -23.1
21:00 -19.0 -21.0 ~-175 ~-175 -19.0 225 248
23:00 -21.0 -235 -195 -195 -21.0 -250 274
01:00 -23.5 -26.0 —22.0 220 -235 -280 305
03:00 -25.5 -285 235 235 255 305 331
05:00 -26.5 -29.5 245 245 265 315 346
07:00 -27.0 -30.0 -25.0 250 -27.0 320 350
09:00 -22.0 -245 -20.5 -205 -22.0 265 288
11:.00 -19.0 -205 ~-175 ~-175 -19.0 -22.0 243
13:00 -16.0 -17.5 -145 -145 -16.0 -19.0 -20.6

Tmin -27.0 -30.0 -250 -250 -27.0 -32.0 -35.0
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Table 3 Classification of low-temperature frost damage in Actinidia arguta

RS & AL EWFAARE % &k VRERE L

(ISITRY R4 u%!&?ﬁﬂ_ﬂﬂh%i B e R H AR B ff%?uéﬂl o 7 B B

Low-temperature Rate of cell injury to fruiting ~ Normal bud Bud Frost Index Frost damage index of Impact on vield/%

frost damage rating  mother branches/% retention rate/% fruiting mother branches P y ’

0% 0 level <10 =80 <0.1 <0.1 SR TR W R
Minor impact, no significant
decline in production

128 1 level >10~30 =60~80 =0.1~0.4 =0.1~0.3 <10

2% 2 level >30~50 =50~60 =0.4~0.6 =0.3~0.5 10~30

32 3 level >50 <50 =0.6 =0.5 >30

*4 ETRIEBEFFFEREN 4 MUERFRMERBRIRESFR

Table 4 The fruiting branches freezing injury levels of the four Actinidia arguta varieties based

on low temperature intensity and duration

il Variety VRESEY, Frost damage level IR 5% % f #7425 7] Low temperature intensity and duration

T2 5 0% 0 level ~25 °C/4 h\—25 °C/6 h.~25 °C/8 h.—25 °C/10 h.~25 °C/12 h.~30 °C/4 h

Long cheng 14% 1 level =30 °C/6 h.—30 °C/8 h.—30 °C/10 h.~30 °C/12 h

No.2 2%% 2 level -35 °C/4 h.—35 °C/6 h.-35 °C/8 h.—35 °C/10 h.—35 °C/12 h
32 3 level

FEAf 15 02 0 level ~25°C/4 h.\—25 °C/6 h.—25 °C/8 h

HuanyouNo. I 14 1 level -25°C/10 h\-25 °C/12 h.-30 °C/4 h
2% 2 level =30 °C/6 h.—30 °C/8 h.~30 °C/10 h.~30 °C/12 h.~35 °C/4 h.-35 °C/6 h.-35 °C/8 h
3%% 3 level -35°C/10 h\-35 °C/12 h

AR S 0%% 0 level -25°C/4 h.—25°C/6 h

Haijia No. 1 14% 1 level -25°C/8 h.\—25 °C/10 h.—25 °C/12 h
24% 2 level -30 °C/4 h.—30 °C/6 h.~30 °C/8 h.—30 °C/10 h.—30 °C/12 h.—35 °C/4 h.~35 °C/6 h.-35 °C/8 h
3% 3 level -35°C/10 h+-35 °C/12 h

S 0% 0 level -25°C/4 h

Binguo 14% 1 level ~25°C/6 h.—25 °C/8 h\~25 °C/10 h.-25 °C/12 h
2% 2 level -30 °C/4 h.—30 °C/6 h.—30 °C/8 h.—30 °C/10 h.—30 °C/12 h

3% 3 level

-35°C/4 h.-35 °C/6 h.-35 °C/8 h.~35 °C/10 h.-35 °C/12 h
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