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Evaluation of cold hardiness of several apple interstocks

JING Junli, LIU Mingxiao, WEI Xin, XU Jizhong, LI Zhongyong, ZHANG Xueying’, ZHOU Shasha’
(College of Horticulture, Hebei Agricultural University, Baoding 071000, Hebei, China)

Abstract: [Objective]China is the world’s largest apple producer and consumer, with more than 50%
of the world’s total apple planting area and output. Apple industry plays an important role in promoting
farmers’ poverty alleviation, rural revitalization and agricultural supply-side structural reform in China.
Severe freezing injury will damage the tree, affect the yield and quality, and cause serious economic
losses. Low temperature freezing injury has become a main limiting factor for the development of apple
industry in China. In order to avoid or reduce the freezing injury, it is necessary to improve the cold re-
sistance of apple trees, and rootstocks have a great influence on the cold resistance. In this study,
through the determination of semilethal temperature under low-temperature conditions, cold resistance
related physiological indexes and morphological index, as well as the cold resistance of several apple
rootstocks were comprehensively evaluated by principal component analysis, the aim was to screen out
rootstocks with strong cold resistance and provide a theoretical basis for the cultivation, production, ap-
plication, introduction and breeding of apple rootstocks with strong cold resistance.[Methods] The an-
nual dormant branches of 9 types of apple interstocks (5 newly selected rootstocks with unknown cold
resistance, i.e., 100, 147, 9-3, 1-8 and 22#46, and 4 types of rootstocks with known cold resistance such
as GM256, SH40, M9 and MM 106 as the control) were used as test materials. All rootstocks were graft-
ed on apomictic Malus hupehensis Rehd.. During natural overwintering stress, strong and consistent an-
nual dormant branches of each rootstock were sampled. The branches of various rootstocks were treated

in two parts: One part of the branches was treated at low temperature after sampled, the relative electro-
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lyte conductivity (REC) was measured, and the semilethal temperature was calculated; another part of
the branches were frozen in liquid nitrogen after sampled and stored in the refrigerator at —80 C for
measuring the physiological and biochemical indexes such as superoxide dismutase (SOD) and peroxi-
dase (POD) activities, the contents of malondialdehyde (MDA), abscisic acid (ABA), superoxide anion
(Oy), soluble protein, soluble sugar, starch and proline of rootstock branches. The cold resistance of ap-
ple rootstocks was comprehensively evaluated by principal component analysis. [Results] During the
whole process of natural overwintering stress, the physiological characteristics showed dynamic chang-
es of all apple rootstocks. The morphological indicators (freezing injury index) and physiological index-
es such as SOD and POD enzyme activities, the contents of MDA, ABA, superoxide anion, soluble sug-
ar, soluble protein and proline were negatively correlated with the natural overwintering temperature,
and the semilethal temperature and starch content were positively correlated with the natural overwinter-
ing temperature, and all these physiological indexes reached the maximum or minimum value when the
temperature achieved the lowest in January, but may have slight difference among some rootstock spe-
cies due to different variety characteristics. The rootstocks with higher cold resistance had higher SOD
and POD activities, as well as ABA, soluble sugar, soluble protein, starch and proline contents, and low-
er MDA and superoxide anion production rate. The rootstocks with poorer cold resistance had lower
SOD and POD enzyme activities, as well as ABA, soluble sugar, soluble protein, starch and proline con-
tents, and higher MDA content, freezing injure index and superoxide anion production rate. [Conclu-
sion] The order of cold resistance of these apple interstocks was as following in a descending order:
100 > 147 > 9-3 > GM256 >SH40 > 1-8 >22#46> M9>MM106. GM256 was an excellent apple root-
stock with strong cold resistance. In this study, the apple rootstocks with better cold resistance than
GM256 were 100, 147 and 9-3. It is expected to provide valuable reference for the cultivation, produc-
tion, application, introduction and breeding of apple rootstocks with strong cold resistance.

Key words: Apple rootstock; Natural overwintering; Cold resistance; Physiological indexes; Principal

component analysis
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Table 1 Set temperature for cold resistance determination

after 4 low temperature treatments

A B iR

Date Temperature/‘C

2020-11-07 4 -8 22 -34 45 =55
2020-12-07 4 -8 22 -34 =50 -60
2021-01-05 4 -10 22 45 =55 -65
2021-03-05 4 -4 20 -28 36 45
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Table 2 Half lethal temperature (L750) and fitting degree of branches of apple rootstocks
under artificial low temperature stress

A 2020-11-07 2020-12-07 2021-01-05 2021-03-05

Stock LT50/C HRAZHR LT50/C HRAZHR LT50/C MLRHR  LT50/C HRAZHR
SH40 -16.172 0.990 -23.430 0.993 -31.321 0.991 -24.818 0.954
MM106 -14.751 0.978 -21.304 0.996 -26.618 0.991 -26.549 0.994
M9 -15.587 0.973 —-22.763 0.968 -30.943 0.994 -26.778 0.975
GM256 -17.737 0.986 -23.156 0.995 -35.890 0.987 -31.026 0.970
100 -18.279 0.982 -26.926 0.981 -44.240 0.988 -23.458 0.990
147 -17.180 0.980 -23.643 0.994 -45.337 0.984 —-24.808 0.992
1-8 -17.655 0.974 -23.799 0.992 -32.278 0.987 -26.225 0.989
22#46 -14.052 0.987 -23.413 0.995 -31.028 0.983 -23.531 0.975
9-3 -16.117 0.997 ~27.783 0.96 —-45.087 0.989 -25.310 0.979
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Table 3 Changes of freezing injury index of branches of

apple rootstocks under natural overwintering stress

A %: 54U Freeze injury index of branches/%

Stock 2021-11-20 2021-12-16  2022-01-11 2022-03-02
SH40 0.00b 4.17 ab 5.00b 2.50 be
MM106 0.83 ab 6.67 a 10.83 a 4.17 ab
M9 0.83 ab 5.00 ab 10.00 a 4.17 ab
GM256 0.00b 333b 4.17b 2.50 be
100 0.00 b 333D 4.17b 1.67 ¢
147 0.00b 333D 4.17b 2.50 bc
1-8 0.00b 5.00 ab 5.00b 2.50 bc
22#46 1.67 a 6.67 a 10.00 a 5.83a
9-3 0.00 b 333b 4.17b 1.67 ¢

I R Hda oy 20212022 FH ARG FE R ERE L. RENT
FRERORIER 1] 22 53 i % (p<0.05). Rl

Note: The data in the table showed the freezing damage of rootstocks
during 2021 to 2022. Different small letters indicate significant differ-

ence among different rootstocks (p<<0.05). The same below.
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Fig.1 Changes of malondialdehyde (MDA) content in branches of apple rootstocks under natural overwintering stress
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Fig. 4 Changes of superoxide anion (O:’) production rate in branches of apple rootstocks under natural overwintering stress
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Fig. 5 Changes of soluble sugar content in branches of apple rootstocks under natural overwintering stress
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Fig. 7 Changes of free proline content in branches of apple rootstocks under natural overwintering stress
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Fig. 8 Changes of starch content in branches of apple rootstocks under natural overwintering stress
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Fig. 9 Changes of abscisic acid (ABA) content in branches of apple rootstocks under natural overwintering stress
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Table 4 Component eigenvalue

. VIUERFE{AE Initial eigenvalue
EL ) . £

Principal MR Tk ZRTE
component Characteristic Contribution Cumulative

root rate/% contribution rate/%
1 4.676 42.513 42.513
2 2217 20.159 62.673
3 1.563 14.209 76.881
242 FREERREMLGZESEN  HFHEE SIS

PR 7 T 5505 % T il o RS AR [ B AR AR ) R
SR UEAL A B S50 Bt T A5 S o E PR
PEEAE R P TR R RIG LR G150, S5 R4
LREAR T A AW L BUE 15 55 , 18 0 (H B R oR

x5 ERAVRETFEIHER

Table 5 Component matrix

- RS ERS2 RT3
AL Coﬁriginent Coﬁ]ﬁnent Coﬁznent
Biochemical indexes

one two three
CIRCEEE =y 0.903 0.272 0.078
Soluble sugar content
AEE A AR 0.891 0.040 0.341
Soluble protein content
LHILIRE LTS0 -0.863 -0.341 0.084
AR YT B T e A e 0.763 -0.361 -0.181
O, production rate
VR EF5H Freezing injury index  0.704 -0.339 -0.436
N % &5 MDA content 0.691 -0.576 0.129
R A AL -0.059 0.684 -0.640
SOD activity
Jii ¥4 1% & H ABA content -0.095 0.678 -0.209
fifi & & & Proline content 0.489 0.537 0.316
AL YIRES % POD activity  0.437 0.480 0.477
YEH) & Starch content -0.570 0.055 0.644

PUIE SRR, PR 45 RNk 6 B, &3 AL R
o A BT FE MR 1 58 59 07 N 100 > 147 > 9-3 >
GM256 > SH40 > 1-8 > 22#46 > M9 > MM106.

3% w

3.0 HABETEASREMBMMRXER

L2 H AT % 8 M A PSR RR R 3
FEATRbRE FH B 5 AR, BEEFE R, %
SERAG AR, 2% R FEAR BT = AR R N E . X
Ha g REOH R . AWFF, 100,147
9-3 Fl1 GM256 1117 35 i UM A 54K, B AL A LI 82
Pt B 470 FE 2 9 s MM106 M9 1 22#46 1V 3 15 B
i MBI DU B, Bl B L e 22 . X — W
SR PLBULEE RS R .
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Table 6 Main component values and cold resistance ranking of apple rootstocks

. %fﬂiﬁﬂﬁ Component Value‘ : _ PRI LR HE
Stock Epr T2 Fsr3 Comprehensive score  Cold resistance sorting
Component 1 Component 2 Component 3

100 0.156 341 9.705 602 1.907 879 2.294 108 1

9-3 0.609 578 1.167 378 1.828 509 0.754 294 3

147 -0.318 850 6.392314 2.223 145 1.468 962 2

GM256 -0.591 010 1.421 754 0.493 033 0.105 412 4

SH40 -1.022 850 1.032 363 -1.198 820 -0.397 070 5

1-8 0.105 706 ~2.958 900 ~0.678 740 ~0.647 990 6

MM106 -0.724 440 -4.713 030 -4.903 460 -1.954 810 9

M9 —0.031 600 —2.893 480 —2.640 380 =0.971 900 8

22#46 1.817 088 -9.153 970 2.968 858 -0.651 010 7
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I T B AR , MDA & oK. PrIiEvEsse 22446
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o IR S R AR IR T 5 R — 2
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