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Cold resistance evaluation of the shoots of 5 apple rootstocks

LIU Xinglu', WANG Hongping'*, SUN Wentai', DONG Tie', NIU Jungiang', MA Ming"
(Institute of Fruit and Flower, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China,; “Zhangye Forestry Science
Academy, Zhangye 734000, Gansu, China)

Abstract: [Objective]The cold resistance of the hardwoods of different root-stocks was evaluated com-
prehensively in order to select rootstocks that improve the cold resistance of ‘Nagano Fuji No.2” apple,
which is susceptible to cold injury in winter. Cold injure usually causes yield reduction and even crop
failure, which is disastrous for farmers and seriously affects the development of apple industry. The ex-
isting studies mainly focus on frozen injury in apple in winter, but few reports concern about the mecha-
nisms of response to cold temperatures. In this study, we used the membership function and the semi-le-
thal temperature (LTs))to analyze changes in antioxidant enzymes and osmotic regulators in apple under
cold stress in order to provide a theoretical reference for cultivar introduction, cold resistance breeding
and cultivation. [Methods] One-year-old hardwoods of five apple rootstocks including SH1, Y-1, B9,
T337 and M26 were placed in incubators for low temperature treatment. The experiment set six temper-
ature treatments including exposure of the hardwoods to room temperature (CK), -15 C, -25 C,
-30 ‘C, -35 C and —40 C under darkness for 12 h. Each treatment composed of three replicates. Sam-
ples were taken to determine the membrane leakage reflected by relative electric conductivity (REC), or
frozen in liquid nitrogen then stored at =80 ‘C for analyses of malondialdehyde (MDA), contents of sol-
uble sugars and free proline and the enzymatic activities of peroxidase (POD) and superoxide dismutase
(SOD). [Results] The REC value of the hardwoods of the five cultivars increased following an S curve
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with the decrease in temperature. The rapid increase in REC in different cultivars occurred at different
temperatures. The REC values of T337 and M26 increased significantly when temperature was be-
low =25 “C; SH1 exposed to cold stress for 12 h behaved similar to Y-1. When temperature was lower
than —25 “C, the REC values of SHI and Y-1 significantly rose. Regressed logistic equations between
temperature and REC values in the five cultivars exposed to the cold temperatures for 12 h were estab-
lished. LTs value was calculated from the established equations, which were used to measure the cold
resistance of apple. The cold resistance based on LTs, in the five rootstock cultivars was in the order of
B9 > SHI >Y-1 > M26 >T337. MDA content in all the cultivars was higher than in the control. MDA
content in all the cultivars gradually increased with the decrease in temperature, and reached the highest
value at =35 “C. The highest MDA was found in SH1 and the lowest in Y-1. MDA in T337 was higher
than in the other cultivars. B9 had the lowest MDA content among all the cultivars. The range of in-
crease in MDA was the largest in T337 and lowest in B9 and SH1. As the temperature became lower,
SOD and POD activities showed different change patterns in different cultivars. SOD activity in SH1
and Y-1 rose first and then declined. We set that under low temperature stress of CK —40 C, SOD
curves of B9 and SH1 changed similarly, both of which were “M” type. The SOD activity of SH1
showed “N” type under low temperature stress, reached the lowest peak at a certain inflection point of
low temperature stress, and then continued to increase. Y-1 maintained a significantly higher SOD activ-
ity than other cultivars at all the low temperatures, followed by SH1 and B9. Low temperature stress in-
creased SOD activity. Compared with the control group, the increasing range of T337 was larger, while
those of SH1 and Y-1 were smaller than the others. POD activity in B9 and T337 increased in the early
period and then decreased. The enzyme activity in Y-1 and SH1 displayed a trend of decreasing -increas-
ing- decreasing, but its change was slight. POD activity in M26 was significantly higher than that in the
other cultivars. In all the temperature treatments in M26, POD activity was lower than in the other culti-
vars. POD activity in the five rootstock cultivars exposed to the low temperatures was higher than in the
control. POD activity significantly rose when temperature dropped to below —30 ‘C, and the rising
range was the largest in T337 and smallest in M26. CAT activity was higher in cold stressed groups
than in the control. SH1 and Y-1 had their peak CAT activities at =25 ‘C and T337 and M26 at -35 C.
Seven treatments in B9 were lowest among all the cultivars. Same to POD, the largest and lowest in-
creasing range was found in T337 and M26, respectively. [Conclusion] REC, MDA content, solu-
ble sugar, and SOD and POD activities were increased by cold stresses. With temperature drop, REC
and MDA content in the five rootstock cultivars increased; the change patterns of SOD and POD activi-
ties differed among cultivars. The LTs, and the changes in protective enzyme activities showed that cold
resistance in the cultivars was in the order of B9 > SH1 > Y-1 > M26 > T337.

Key words: Apple rootstock; Apple branches; Cold resistance; Low temperature stress; Semi- lethal-

low temperature ; Membership function method ; Physiological change
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Table 1 Changes in relative electrical

conductivity of five apple rootstock hardwoods

treated with different low temperatures %

HAh AEMGHE Different low temperatures

Cultivar K -15C -20°C 25°C -30°C -35C -40C

SH1 16.46b 24.38b 30.99c 41.90ab 47.49¢c 5586¢ 77.11ab
Y-1 16.75b 23.77b 35.73b 39.99¢c 4844b 60.94b 72.19b
B9 13.38a 25.26a 32.75¢ 37.38c 44.31d 48.83d 64.08b
T337 22.65b 30.48b 40.34a 52.48a 7242a 78.15ab80.48a
M26  18.71a 27.56a 41.33 a 43.22bc 6538 ab 71.56a 77.81 ab

L ARENG FRERIR p < 0.05 2R EEKT.
Note: Different small letters indicate significant difference (p <
0.05).
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Fig. 1 Changes in malondialdehyde content in five apple rootstocks under low temperature stress
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Fig. 2 Changes in soluble sugar content in five apple rootstock hardwoods under low temperature stress
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Fig.3 Changes in free proline content in the hardwoods of five apple rootstocks under low temperature stress
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Fig. 4 Changes in peroxidase activity in five apple rootstocks under low temperature stress
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Fig.5 Changes in superoxide dismutase activity under low temperature stress
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Table 2 Comprehensive evaluation of cold resistance of

different apple rootstocks
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Index

AT 0.6151 0.4806 0.7448 02264 03765
Relative conductivity

[ 0.6441 0.6050 0.7107 0.4622 0.5480
Malonadehyde content

AL PERE S R 0.5969 0.4710 04441 02884 0.1856
Soluble sugar content

W B Ml 2R 7 &= 0.6194 0.5469 0.7011 0.4441 0.5012
Free proline content
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POD activity
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