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Effects of different dwarfing interstocks on cold resistance of ‘Changfu

2’ apple in Longdong area
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Abstract: [Objective] A study was conducted in attempting to screen the cold-resistant dwarf inter-
stocks suitable for the ‘Changfu 2 apple tree in the Longdong area of Gansu province, and to establish
the method for evaluation of cold resistance of apples with different dwarfing interstocks. [Methods]In
this study, annual dormant branches from ‘Changfu 2’ (‘Changfu 2’/ interstocks / Malus sieversii) of
nine dwarfing interstocks (SHs, SHis, SCi, SH,, Mas, My, M5, T3;; and JM-) were used as the experimental
materials, which were even in size and free from diseases and pests. 8 physiological indexes, including
relative electrical conductivity (REC), malondialdehyde (MDA) content, soluble sugar content, soluble
protein content, anthocyanin content and superoxide dismutase (SOD) activity, peroxidase (POD) activi-
ty and catalase (CAT) activity of annual dormant branches were determined under different temperature
treatments (—15, —20, —25, —30, —35, and —40 C), and the temperature at time of harvesting in the or-
chard was used as the control temperature. According to the change in each index in response to low
temperature stresses, difference in cold resistance of ‘Changfu 2 * with nine dwarf interstocks was ana-

lyzed.[Results] As the treatment temperature droped, the relative electrical conductivity increased and
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showed a "slow-fast" trend. The relative conductivity of ‘Changfu 2’/JM,/ Malus sieversii was always
the highest, while that of ‘Changfu 2 '/SHy Malus sieversii was always the lowest. Based on REC, the
semi-lethal temperatures (LTs) of ‘Changfu 2 ’ with different interstocks were calculated by logistic
equation, and the order of LTs, was SHs >SHss >SC; >SH, >My >M, >M; >Ty; >JIM,. With the
decrease in temperature, the soluble sugar content of all interstock treatments showed an increasing
trend, but there were differences among interstocks. ‘ Changfu 2’ /SHe¢/Malus sieversii had the largest in-
crease (196.99%); ‘ Changfu 2’/Ts,/Malus sieversii had the smallest increase (132.97%); the other sev-
en had an increase between 142.46% and 174.97%. Soluble protein content in all treatments increased
sharply and then decreased slowly, but with an overall rising trend with the decrease in temperature.
The peak appeared at =30 C, the highest peak was found in ‘Changfu 2’ / SHs/ Malus sieversii, and
the lowest peak in ‘Changfu 2’/IJM,/ Malus sieversii. The variation pattern of anthocyanin content with
temperature drop in the treatments was basically the same, increasing first and then decreasing. Except
for ‘Changfu 2’ / Ts;;/ Malus sieversii which peaked at —20 °C, all other treatment peaked at —25 C,
and the peak values of each sample were in the rank of SC; >SHs > SHy; > My, > SH, >M, >Tsy; >
M, > JM,. Except for ‘Changfu 2 ’/Ts/ Malus sieversii, ‘Changfu 2’ / M/ Malus sieversii and
“Changfu 2’ / SH,/ Malus sieversii whose MDA content decreased under treatment at —40 “C, all the
treatments had an MDA content increasing with the decrease in temperature. The MDA contents
“Changfu 2’ / Tssy/ Malus sieversii and ‘Changfu 2’ / IM,/ Malus sieversii were always higher than
those of the other 7 treatments under various low temperatures; the contents of ‘Changfu 2’ / SHss/ Ma-
lus sieversii and ‘Changfu 2’ / SHs/ Malus sieversii increased steadily but remained at a low level. The
activities of SOD, POD and CAT the nine treatments increased first but decreased later and the peak ap-
peared at the critical temperature of =30 or —35 °C. Then, as the temperature continued to decrease, the
degree of damage on the plant increased, and the enzyme activities decreased. All the 7 physiological in-
dexes could reflect the cold resistance of ‘Changfu 2’ with different interstocks, but there were correla-
tions among various physiological indicators, and the information reflected by the statistics overlapped
to some extent. Therefore, in order to simplify the indicators and more accurately compare the differenc-
es in cold resistance between ‘Changfu 2’ of the nine interstocks, a principal evaluation system was es-
tablished using principal component analysis. The principal component analysis of the original data
showed that the two principal components were extracted from the eight physiological indicators with
an eigenvalues of 5.832 and 1.128, respectively, and the contribution rates were 72.896% and 14.103%,
respectively. The cumulative contribution rate was 86.998%, and the factor analysis results were ideal.
A total of 86.998% of the total variance of the original variables was explained, covering most of the in-
formation of the original variables. The first factor reflected the soluble protein, antioxidant enzyme,
and semi-lethal temperature, and the second factor soluble sugar and anthocyanin. Then, we used the
membership function method to calculate the membership value of each comprehensive index, and the
weights of the two comprehensive indicators were obtained according to the contribution rate of the
comprehensive index, and were 0.838 and 0.162 respectively. Using the formula, the D value of each in-
termediate anvil Fuji was obtained. The D value was a comprehensive evaluation value of cold resis-
tance, reflecting the difference in cold resistance of each intermediate anvil Fuji. The higher the D val-
ue, the stronger the cold resistance. Among the nine interstock, the D value of SHs was the highest,
0.947, and the cold resistance was the strongest; the D value of JM; was the lowest, 0.140, and the cold
resistance was the weakest. The D values of the interstock was clustered by the inter-group connection

method, and the clustering tree diagram was established. [Conclusion]The results showed that the nine
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interstocks were classified into three categories according to the cold resistance. The first type in-

cludeed SHs, SH,, SHis and SC,, which had the strongest cold resistance; the second type consisted of
M-, My and M,, which had strong cold resistance; and the third type included JM; and Ts;, which had

weak cold resistance.

Key words: ‘Changfu 2" apple; Cold resistance; Dwarfing rootstock; LTsy; Principal component analy-

sis; Membership function method; Cluster analysis
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Note: ** indicate significant difference at p << 0.01.
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Fig. 8 Effect of low temperature stresses on Comparison
on catalas activity in ‘Changfu 2’ apple with nine

interstocks
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Table 2 Total variance explained

s BIUGRHEA] FEHCP T REN
Component Initial eigenvalues Extraction sums of squared loadings
FH{EH Eigenvalue /57 Variance/%  SAFI% Cumulative/% 4FF{iEfE Bigenvalue /57 Variance/% S Cumulative/%
1 5.832 72.896 72.896 5.832 72.896 72.896
2 1.128 14.103 86.998 1.128 14.103 86.998
3 0.546 6.827 93.825
4 0.299 3.735 97.560
5 0.160 2.000 99.560
6 0.021 0.259 99.819
7 0.008 0.097 99.917
8 0.007 0.083 100.000
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Fros , IEAERFAEE R T 1 BRI, AN 8 T0AE B 45 b
LR AL 2 N E R, KRR E 4 N 5.832.
1.128, TTHRZE 20 5l N 72.896%  14.103% , B A 5Tk
ik 86.998% , [N 1M éh BLFRAR, JLAARE T R AR
T T 86.998% , FEHUH 1) 2 ANLEA TR AR EHE
T 8 AMEFARAR I AME

RS0 RECERE IR 3 Fow, 55 1 E
F AR T AT B PR AR | SO B IX
BB SE bR, FLARRAE 1) i A HE K, BT S BN R
5 72.896%. 5 2 ERLAH, T YERE JEE T
XA FE AR R AE ) 2 26 5B 5 K, 49 )38 0.393
0.865, 5% 2 F o F LM 7 5@ WY AR
AR5, BT {5 BN AME B 14.103%.

R B3 19 70 R BB, 715 % 2R A TR AR
Iy R

F1=0.349X, + 0.379X, + 0.131X; + 0.388X, +
0.397X:+0.357X,-0.349.X,-0.400.X;

F2=-0.393X,-0.212X:+0.865X:-0.088.X,+0.177.X
+0.103X,-0.035X,-0.047.X;

R3 GAERNRRRITRE

Table 3 Comprehensive indicator score coefficient matri

XX X X X X X X P
F, 0349 0379 0.131 0.388 0.397 0.357 -0.349 -0.400 0.729
F, -0.393 -0.212 0.865 -0.088 0.177 0.103 -0.035 -0.047 0.141
X AT PERE X, PIVA TR AT Xo, TR s X AU B
it Xs. I AN - X, I A SRS X0, 9 I X, P BULIRE ;
P. TIRRE
Note: X;. Soluble suger; X,. Soluble protein; X;. Anthocyanin; X.. Su-

peroxide dismutase; Xs. Peroxidase; X. Catalase; X,. Malondialdehyde;

X;. Semi-lethal low temperature; P. Contribution.
2.10 RERESH

A F 3oy o i, SR ELH B8 I BT A D 4 A
AR E R 2 AN EEfabr, il A X
SR E R E R EUE GR 4, BRE LSS
FEARIITTER R, SR T 2 DA TR IBLE , 2 5
79 0.838,0.162(K 4> FIFH A2 2] 1 & (A
i K& 251 DE,D HLPEEM LA N
B, R T S KE 2 5 it ER DA
B, PR E . 9 Fh R AEE ‘KR 2 5, SH,
D 1H & =1, A 0.947, HUIEME B 58 ; IM, D H &AL, A
0.140, HLFEMER TS «
2.11 BES

KA EREN & K'E 25 1 D

F4 ofhhEIRL  KE2 S HGEIERENE.
REIBE.DEREEITMN
Table 4 The comprehensive index value, weight,
membership function value, D value and comprehensive

evaluation of ‘Changfu 2’ apple with nine interstocks

lftgsﬁticks )Cz UG Ulx) Biaalue g)ﬁ frtsistance
SH, 1.130 -0.429 0.649 0.359 0.602  #%5# Strong
M, -4.046  0.945 0.000 0.866 0.140 %55 Weak
M, -1.082 1.309 0.372 1.000 0.473 &+ Moderate
M, -0.404 -1.078 0.457 0.121 0402 & Moderate
M -0.064 0.161 0.499 0.577 0.512 & Moderate
SH; 3.930 0.423 1.000 0.674 0.947  IiE Strongest
SC, 1.283 -1.406 0.668 0.000 0.559 %k Strong
Ty 22642 -1.165 0.176  0.089 0.162 %55 Weak
SHs 1.895 -1.241 0.745 0.061 0.634 %5k Strong
B - - 0.838 0.162 -

Weight

EEAT R0, L 7 RBRIRE (B 9. T
ST R RN 9 M nG K E 2 5 OMRRI N 4
F: 5 1 2K SHe: 55 2 25759 SHISH3.SCos 26 3 2K
N M7 My Mo 2 4 258 IM7.Tisro

5 10 15 20 25
M7 ZJ 1 h h L |
T337 8

SHI 1

SH38 9

SCI 71—

M7 3

T 8 N

M26 5

M9 4

SH6 6
9 ofHERL  KE 25 MEMHMRES
Fig. 9 Cluster diagram of ‘Changfu 2’ apple with nine

interstocks
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