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Abstract: [Objective] Field survey are usually used for cold resistance of different fruit trees, but this
method has difficulty to exclude the interference of external factors such as different ecological condi-
tions and cultivation mode, and can not really objectively evaluate the cold resistance of a certain vari-
ety. By comparing the correlation between supercooling point and freezing point temperature of apple
flower ovary and freezing rate under specific conditions, combining with the investigation of flower
growth and development indexes of different varieties, a multiple linear regression model was estab-
lished to determine the objective evaluation indexes of cold resistance of apple trees at flowering stage.
The reasons for differences in cold resistance at flowering stage of some apple varieties were discussed.
[Methods] The Malus species Malus robusta and Darwin, apple varieties Nagafu 2, Rockfu 10, Danxia,
Gala, Gold Delicious, OPAL were used as test materials. The supercooling and freezing temperatures of

ovaries were measured using a simulated frost box system. The differences among varieties in the above
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indexes were analyzed. A two-factors experiment based on cooling gradient and cooling time was used
to determine the ovary freezing rate of different varieties. The linear fitting was carried out to analyze
the relationship between the flower supercooling point, freezing point temperature and flower ovary
freezing rate. The flowering duration, number of flowers per unit length, and the percentage of fully
opened flowers at full bloom period were also investigated and analyzed to further clarify the influence
of flower growth and development characteristics on freezing rate. The factors influencing the differ-
ence of cold resistance of apple trees during flowering stage were comprehensively discussed. [Re-
sults] There was no significant difference in the temperature of supercooling point and freezing point of
central flowers and side flowers of the same variety. The supercooling point of M. robusta was the low-
est (—4.27+0.33 C), It was significantly different from those of the other varieties (p<<0.05). Among
the apple varieties, Danxia and Nagafu 2 had the lowest supercooling point temperature, which was sig-
nificantly different from those of Rockfu 10 and OPAL. The freezing point temperature of OPAL was
lower than those of most cultivars (p<<0.05). The freezing rate of M. robusta and apple variety Danxia
was lower, followed by Darwin, Nagafu 2 and Gala. Rockfu 10 had the highest freezing rate under the
different temperature gradients and cooling duration. With the extension of cooling time, the ovary
freezing rate of flowers increased under the same temperature gradient, even under mild freezing stress
(-1 C). Regardless of mild or severe freezing stress, the freezing rate of apple flowers was affected by
two factors. The first factor was the degree of cooling, and the other factor was the duration of cooling.
After 1h treatment at —2, -3 and —4 °C, there was a significant positive correlation between the freezing
rate and the supercooling point of all varieties, and the linear correlation between them was the stron-
gest at =3 ‘C (R*= 0.93). but there was no significant correlation between the freezing point and ovary
freezing rate. The flowering time of M. robusta was the longest, followed by Darwin and Golden Deli-
cious, and the other varieties lasted about 16 days. The flower quantity of branches per unit length of M.
robusta was the largest, indicating that it had the flower quantity advantage, followed by Darwin and
Golden Delicious, and Nagafu 2 had the least flower quantity. The ratios of fully opened flowers of M.
robusta and Darwin were 82.33% and 80.67%, respectively, while the ratios of fully opened flowers of
Golden Delicious and OPAL were less than 60%. The multiple linear regression model showed that
there were multiple linear correlations (R’=0.89) between supercooling point (X,), flowering duration
(X>), flowering quantity (X;), full flowering rate in full blooming period (X.) and freezing rate of ovaries
(Y). According to the standardized coefficients and significance p values of different independent vari-
ables, it could be found that the supercooling point temperature of the flowers was the main factor caus-
ing the difference of the ovary freezing rate, followed by the flower quantity and the other flower
growth and development indicators. [Conclusion] The supercooling point temperature was an impor-
tant index to measure the cold resistance ability of apple flowers. The normalization coefficient of the
supercooling point temperature was 0.87, which had the greatest influence on the freezing rate of ovary.
It would be necessary to comprehensively judge the cold resistance ability of different apple varieties at
flowering stage by combining the flower quantity, flowering duration, full blossom ratio and other flow-
er growth and development indexes.

Key words: Malus domestica Borkh; Supercooling point; Freezing point; Freezing rate of flower ova-

ry; Comprehensive cold resistance at flowering stage; Judgment standard
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Table 1 Experimental processing table of varieties
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Table 2 Statistical analysis of flower growth indexes of different varieties

o T 2R TR FEAERRE2 8] fei A 5E A FF AR L %

DEI*EP . . . . .

Variet Flower ovary Supercooling point Duration of Amount of Full flowering rate in
Y freezing rate/% of flower ovary/C flowering/d flowers full bloom period/%

J\BEIE 5 Malus robusta 10.33+0.56 a -4.22+0.33 a 21.67+0.65 a 76.67+2.89 a 82.33+2.52 a

15K 3L Darwin 26.00+0.64 b -3.3240.13 b 21.33+£0.43 a 70.67+8.67 a 80.67+2.89 a

K% 25 Nagafu 2 36.00+0.75 be -3.07£0.46 b 16.33£0.68 ¢ 41.67+2.89 ¢ 72.67£1.53 b

44'E 105 Rockfu 10 45.67+0.56 ¢ -2.59+0.13 ¢ 16.67+0.65 ¢ 51.67+2.89 be 71.67£3.00 b

J}#5 Danxia 25.67£0.25b -3.26+0.27 b 15.67+0.68 ¢ 61.67+2.89 be 70.67+3.06 b

S $7 Gala 30.67+0.23 b -3.02+0.22 b 16.33+0.65 ¢ 63.33+5.00 be 70.00+3.06 b

4278 Golden Delicious 40.40+0.58 ¢ -2.87+0.18 b 19.67+0.68 a 63.33+5.77 ab 57.67£3.79 ¢

OPAL 41.67+0.47 ¢ -2.57+0.38 ¢ 19.33+0.75 ab 51.67£5.77b 56.00+3.61 ¢

TE AT D SR HAR IR T -3 CHAF TR 1 h SRR ESE. ARG T RRR SR 0.05 KT EAFERFEER.

Note: The data of flower ovary freezing rate came from the investigation data after cooling at =3 °C for 1 h. Different lowercase letters indicate sig-

nificant differences (p<<0.05).
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Table 3 Multiple linear regression model

Jaki RbrHEAL B R e 2 S NGRS B

IE' d/\ Unstandardized Degree of model ANOVA. F(p) Normalization ;z ficant
fdex coefficients, B interpretation, R’ o coefticient, Beta 1gnihicant,p
‘i 1 Constant 92.061 0.894 15.837(0.023) 0.008

R IR (O 18.888 0.873 0.034
Supercooling point of flower ovary(X,)

TFAEFFEEIN ] () 0.690 0.146 0.440
Flowering duration(X>)

AL IR AR () -0.236 -0.233 0.329
Floral quantity per unit length of branch (X;)

BEAEW 56 2T AL LA (XD 0.004 0.004 0.986

Ratio of fully open flowers at full flowering (X,)
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3 %W W
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B UL LA Fa AR Al XA [ i R E S BT I RE 22 57 1)
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BN T B, e R BOR, BAR 58 2T TR HE A 8K
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