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Abstract: Malus sieversii is an important germplasm resource, and valuable for genetic improvement and conservation of
genetic diversity of apples. In this paper, one-year-old seedlings from 7 populations of Malus sieversii in Gongliu and
Xinyuan of Xinjiang were used. Cold hardiness of the seedlings was determined by means of the EIS method in comparison
with EL method. The results with different cold hardiness determination methods indicated that there was no obvious
difference in the semilethal temperature within populations of Gongliu and Xinyuan. In contrast, there was significant
difference in the semilethal temperature between the two populations. The semilethal temperature of Gongliu populations
was significantly lower than that of Xinyuan populations. Thus, the cold resistance of Gongliu populations was higher than
that of Xinyuan populations. Among the six parameters (7,4, r,r,,r, and r;) in the Single DEC model of electrical
impedance spectroscopy, was obtained by three parameters (r ,r, and 7) was able to be used t determine semilethal
temperature of the tested samples. The semilethal temperature obtained by r, and r, was extremely significantly correlated
with the conductivity method, suggesting that r, and r_ could be used to determine the M. sieversii cold resistance. The
cold hardiness estimated by the EIS method was basically similar to that, assessed by means of the traditional EL method.
The EIS method is superior over the EL owing to its time saving and no incubation.
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2007 4 11 H rfg 43 530 76 B i O ALl DXL B 2L
IR & 3 4 A KARBEMR, iR B 38 5 61 1 3
JFA AR PR I X 2 22 3 A K AR BEIA, SR AR M (1 37
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Tab.1 Origin of the 7 Malus sieversii populations

% HEMA s 537073 AR
No. Populaitons Longitude Latidude  Altitude/m
1 JLE E Gongliu(GLL) 82°46'56.9" E 43°12'6.5" N 1419
2 JLEE Gongliu(GL2) 82°46'13" E  43°14'3.1" N 1327
3 LB H Gongliu(GL3) 82°51'37.2" E 43°15'44.4" N 1338
4 JLEH B Gongliu(GL4) 82°49'23" E  43°1520.9" N 1189
5 i E Xinyuan(XY1) 83°35'7.1" E 43°22'38.1" N 1370
6 i E Xinyuan(XY2) 83°36'52.4" E 43°22'34.2" N 1448
7 B E Xinyuan(XY3) 83°35'51.8" E  43°22'51. 8" N 1327
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P JAC AP Aok 00 IR A i A 2 F A 2 A
UL R 14 A 280 i R 8 R AT 5 198 0 R P R IR
M A% HoA A [F) 2 45 PR (Smith, 1983 Zhang
et al.,1992) ; &I F AN AL BT 2 A R BH A% 09 2 BT, M
A0 PLBEAR S T LAY o AN AR 32 R I DL R R E R Y
SEAB AR T A T S R A I JE A T RE 2 A 4 4 i
YR E A R0 &R 4> ( Steponkus et al., 1990
Leborgne et al.,1992) , & 1tk , ] DL A B8 BH 1t 3k o/ 53 48
WA % R E i 38 19 i W ( Glerum, 1980 ; Coleman,
1989) .

AR (AC) 3l A ) A I SE
200 JY 471 T 52 R0 40 1 1) B 491 BB ke T AC 33T 38 i 2H 21
FEPE (Glerum ,1980) o 2 2H 21 45 44 R 11 F1 AR FHLARR
PR SRR B AT i AL . A I SE A [F] AC AR 3R
 FLBE B B J7 %, BEAR O EIS 3% (Macdnald,
1987; k445 ,2005)
1.2.1 EIS kA& FMaR s My
REEEW EIS HA — 9k, & T 5-DCE KRS (&
1), H-DCE #ARIIL 3 K 10 >4, 53 51 o 500 A
FL %% G 2% HAL BH. ( resistances in the single-DCE model ,
R,R,) J 4N FH ( extracellular resistance, R, )  JHN
M, BHL ( intracellular resistance, R, ). #th ¥ I [H]
(relaxation time, 7). oh ¥ BF [8] 09 %0 fi &R %X
(distribution coefficient of 7, ) B4 77 B % JC %
BH > ( specific resistance in the single DCE, r,r, ) g
A H B K (specific extracellular resistance, r,) . Jifi N
HL BH % ('specific intracellular resistance, r,) , 4572
B SCR 587 5 2 W SCHk (Repo et al., 1993,
1994 ; Ryyppé et al., 1998 ; 3K 7545 ,2009) ,
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Fig. 1 Impedance spectra of non-frost-
exposed one-year-old stem
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Fig.2 Changes in specific extracellular resistance (r,)

of Malus sieversii
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Xt bE 53 4R

XF T AT SR SRR A 1 AR AR B ARAEA [F] i
Ak BT S0 RE B4 e BE T R R B BB 2 K SPSS
Iy M, Hi [ Logistic J7 B #EAT S MY L4l , 15 1
S EOIE M S AR AR, I % 805 0 JEE AT 0

FREAA r, ELRE M R A R S Rl £,
Logistic 75 & A8 A, 28 5 4R 26 1% [0l 15 20 47, w] DL
B DR B BOU R B, h 3£ 2 W15 &R
LU E AR E y -29.8 ~ =31.7 C,XY2 i
#(-29.8 C),GLA Rk ( -31.7 C) JLEAFEARE]
PR E N -0.3 C; Hr U BEAR M 12 5
WAL, W2EHN -0.6 C (HZILEBEAR LT, 15
NIRRT AR, 3% B T LB R A 1) 0 T8 M T T IR
FERAY S AHOC R BB AL TE H 7E 0. 860 ~0.917,
Yk ) 0. 01 B F KV, R ZHGAE] T 0.001 3%
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Tab.2 The semilethal temperature estimated by the parameter r,,r, and 7

AZ ALl Range

LR o PeE BB R KRR
==l =) M
BEIA Semilethal ?Z'EJ(MF{‘ E]\Z{EE(ELF{ Coefficient of Correlation
Populaitons temperature/C axumum ) tmum ) determination coefficent
temperature/ C temperature/ C
r. r T r. r T r. T r. r| T r, r T

GLI -31.5 -31.2 -31.0 -30.0 -29.8 -29.5 -33.1 -32.6 -32.5 0.782 0.812 0.661 0.884"* 0.901" 0.813 ™
GL2 -31.4 -31.1 -30.5 -30.4 -30.1 -29.2 -32.5 -32.0 -31.8 0.833 0.866 0.754 0.913*" 0.931 0. 868 **
GL3 -31.4 -31.7 -30.3 -30.2 -30.6 -29.1 -32.6 -32.7 -31.5 0.739 0.793 0.703 0.860*" 0.891" 0.838 "
GlL4 -31.7 -31.6 -31.6 -30.5 -30.5 -30.3 -32.8 -32.7 -32.9 0.840 0.838 0.682 0.917** 0.915 0.826
XY1 -30.3 -30.8 -30.4 -29.0 -29.9 -29.5 -31.6 -31.8 -31.3 0.793 0.848 0.748 0.891"* 0.921 0. 865"
XY2 -29.8 -30.1 -30.2 -28.6 -28.9 -29.1 -31.1 -31.2 -31.3 0.776 0.810 0.751 0.881"*" 0.900** 0.867*
XY3 -30.4 -30.1 -28.3 -28.8 -28.8 -26.7 -31.9 -31.3 -30.0 0.827 0.856 0.767 0.909** 0.925"* 0. 876 ™"

@D # P<0.05; #xP<0.01; ##xP <0.001, F[d], The same below.
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Logistic 77 BEHEATBAF LG, 45 F 1A 1 B8 i B2 A2 1k
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30.1 C),GL3 AR ( -=31.7 C ), JLEBEMARE 25
AN T - 0.6 Cy B IR AR ) 4 22 57 oA
W WER 0.7 C, 5 r, G5 FAHBL, ILE RFK T
| W N = N T = N e
TR BRI Rt A OC R BB AL IE I 7E 0. 891 ~
0.931, 3K 0.001 & F K, @A R, 0]
FHE R BRBE IR B R 95% BAS X H], B R B R &
ANBEVR (90 BE TR BE 95% A% X 0] ¥ A K [R) 2 B
M E A o U6 AN BEIR 22 [) A 2 B0 I B (LT, ) 22
RARE,

S A < PR S 2 NI (£ e A o 1
Logistic 77 BEHFATBUUF LG (R 2) , & BER P 2L IR
JEARRE Bl -28.3 ~ -31.6,XY3 S (¥ 2k -
28.3 C),GL4 FflK( -31.6 C) ., XY3 [y L5 H
JE (LT, ) B G F 3L Al B K, XY3 1% ) 8038 i
95% BAZIX AN —26.7 ~30.0 C , 5 GL4 [}
MEE95% EAF X ( -30.3 ~ =32.9 C) LES,
55 Al A AR T A AS TR R B T S, IR IR XY3 [
A HOOE T B T RER GLA i 5 H A BE AR B A
EM R TR B BOE I E Y -30.9
C AR THIERFA LT M ( -29.6 C) ., HXFRE

A5 AL 7 0. 813 ~ 0. 876, 335 %] 0. 01 & 2K F,
FER XY3 353 0. 001 &K,

WG 6 MHBLS B (7, oy, ) R
PEOURE TS A L S E o FEAN TR
14 I 32 A BT A A i S AU £k, 48 Logistic J7 #2240
AR E R BRI H 95% 1 B AR X [ 42/
SR r,r L AR NOCREA B U R E S
M4k, & Logistic Jr #2400 & 4 R 15 2 ¢ B0 R B, 1t
WIS H r,r, o N3G R T 07 6 7 S S8 B 00 B € 1
M
2.2 BEERANEHBHFEREHNEESN

FHARRT o, 5 238 55 40 JL I B8 7 XoF by G 2%, 3 335
Ty TR 45 TR B R A 2 B R A, A SR b 9E
Pk HAEBAURE Mtd REC M LR BLER 3, &
FEAARE X L5 S Bl I AR A 3 BB Logistic J7 2 i
TR £ BHARE BOE IR B AR iR B oy -31.6 ~
35.1 °C,XY2,XY3 & LT, [7l 2 -31.6 C ,GL4 A%
(=35.1°C), BEK GLA (2 BUE I 95% {5 X
]2 = 34.7 ~ =35.5 °C, 5 H AR 0 2 B0 B
95% EAF X M T HE G, RUIFEHA GL4 (1 EEULIR B B
FART AR A . P3O0 R B 95% A5 X [ A T
EA AW A GL3 1 LTy, & 3% K T GL1,XY2,
XY3,GL2 WAL T XY2, T8 BER (9 2 BOaE ik B 3
HH -33.9 C AR THIEREAR LT ME( -31.7 C) .
A R AE 0. 966 ~0. 993, 1355 0. 001 & 3K
Vol T HARER N AEEULIREBE S Logistic J7 2
IREH S = A B, BT LA — B0 7 1L 2 DL S 3R gk
R bR e, RIPAN oA T A
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Tab.3 The semilethal temperature, coefficient of determination and correlation coefficient calculated

by electrolyte leakage ( EL)

_ B 2 Range WA R R M RER
Populaitons Semilethal B VR A UL Coeﬁ.lme?n of Corr.elatlon

temperature/ C Maximum temperature/C Minimum temperature/°C determination R* coefficent R
GLI1 -32.9 -32.3 -33.5 0.991 0.996 ™~
GL2 -33.6 -32.7 -34.5 0.976 0.988 ™~
GL3 -34.0 -33.5 -34.5 0.991 0.996 ™~
GLA -35.1 -34.7 -35.5 0.993 0.997 ™~
XY1 -32.0 -29.9 -34.0 0. 966 0.983 ™"
XY2 -31.6 -30.7 -32.6 0. 987 0.994 ™~
XY3 -31.6 -30.5 -32.7 0.983 0.991 ™"

2.3 BEZRZMBERENITLL

FHH S AREAR B R EOLIR 5 R L TE A SR
PRI BOLRE AT X EE 04T SR R 4, LI
FRILATEN 09 EOOLH L S bR, HT DPS3. 01 0 %€ i 4%
ol 7 A A~ OO I (4 AR OC 2R 8, S BTk D

ZHr, RS B B9 2 BOUL IR B B A OC R BUR R, R
0.904; 5 LAZE r, UG THEIHFBBUEIE AIMC R
Bokz o4 0.884; HUUZSH + UG5 B H L BOLIEE
ARG R B /N, o 0.689 fEHLBH BT o, -LBH TS
Kor, v BT TSR E SRR R UM R I E
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Tab.4 The correlation analysis of the semilethal temperature estimated by EL and the parameters of EIS

FLS R LA 1 S A S8 AR SR T WA
LIRS P EFCEE P HFCRE EEBE IR BB
Populaitons Semilethal temperature Semilethal temperature Semilethal temperature Semilethal temperature

assessed by EL assessed by r, assessed by r, assessed by 7
GL1 -32.9 -31.5 -31.2 -31.0
GL2 -33.6 -31.4 -31.1 -30.5
GL3 -34.0 -31.4 -31.7 -30.3
Gl4 -35.1 -31.7 -31.6 -31.6
XY1 -32.0 -30.3 -30.8 -30.4
XY2 -31.6 -29.8 -30.1 -30.2
XY3 -31.6 -30.4 -30.1 -28.3
FH 3 Z B Correlation coefficent 1 0.884 ™ 0.904 ** 0. 689

2.4 HEHERBEIEESF

BT R r,r 3 S S RO 2% R 8

5T S 2R [ P € 2 R Y 2 F LU RS T 3R
TR LA rn 2 S HUE R F SO R
JE A 22 5 AFL TR IR AR S 3 i T L R AR A S B

PP R BER R B IR T R R L E L KRS
THAHT, R S AT BEAR ] B JE S50 H) 22 AR Gk
B 7R 3 KT R T X 5 A S SR A [ Y o B
FEMREE (LT, ) AT Z 5 L4k, 25 R W3 6., i IR A
A (XY2, XY3,XY1) (9 2F 5050 IR %A B & %
SO BEIR ] (GL1,GL2,GL3, GLA4) th A ik 3] i %
22 K (BB R S5 DL ER 2 A b ek ] ) 2 BT
B IR B b 25 25 KO R IR R AR B 3 T
BB, DT 100 B I 68 b X3 i S S L A T S 1k

SEIRJEE o DN Ud W A 3 A HH RO PR MR 20 T
FHLBL K335
KT HEHERNESHYLYNEBESEILER
Tab.7 Multiple comparisons based on LT, of

resistance parameters in M. sieversii

2 T brfE2E 5% WHEKFE 1% HRFEKRF

Fm TR
®5 NRTERBGFHAREFESNE

Tab.5 Analysis of variance table based on LT,

in populations of M. sieversii

i, TES &
TRAH PO AmE H P ST
Variation source SS DF MS  F value g
level
BEARI . 13. 879 6 2.313 2 10.409 0.000 4
Among populations
B3 . 19.34 2 9.67 43515 0
Parameter relation
%% Error 2.666 7 12 0.222 2
4 7R
RAF 35.8857 20

Total variation

R6 HENFERBEFEFBREBEESELR
Tab. 6 Multiple comparisons based on LT,

of populations in M. sieversii

bRfE2E 5% WEAKFE 1% MRFEKF

Pojji??ons q;lii{nﬁ Slar}dérd 5% significant 1% significant

deviation level level

XY2 -30.5 0.964 4 a A

XY3 -30.7 0.793 7 a AB

XY1 -31.0 0.873 7 ab ABC

GL1 -31.9 0.907 4 be BCD

GL2 -32.0 1.3650 cd CD

GL3 -32.4 1.422 4 cd D

Gl4 -32.8 1.992°5 d D

Standard 5% significant 1% significant
Parameter Mean L
deviation level level
T, -30.9 0.743 2 a
T -30.9 0.650 3 a
y EEEF%: -33.0 1.335 1 b B
Conductivity

2.5 HEHERBEREERESNW

AR AN T 470 5 I i T vk 53 G B0 A R R A B
S BOIE I B, SR T AR I AU R F B R 2K T ik
(UPGMA) XJ 7 A 8 B S SR AR E 47 2K 0, A
AR AT LA i, S B T AR 5 8 R AR 20 o T 1
2 2%, DA 158 B 45 At ) 60 0 A 7 T € 1 b A7 A
—EM 2R (K 3).

GL2

GL3

GL4

XYl
XY2—|_
XY3

0 0.56 1.12 1.69 2.25 2.81

B3 7 AT R SR R T SO IR B R

Fig.3  Cluster graph based on LTy, of 7 populations in M. sieversii
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3.1 HBHERBEREN

P FEVE S A W) AE X AR R € V2 2 85 1 A M 3
rp A AR B Y 35 AE AR SR B AR Ok B AT I — Fh BT
FERE J1 (Glerum , 1985) , J& A ) X I IR K< 0 265 7 (1)
— PP AR R o E X R AL R R RO TR R PR AR
ST, A e Rk ok, Bl PR 53 9 el A8 s 1] 3 2k
(Wt %5 ,2008) o A B 5T B WO 43 A 5 g6 G A
Hby DX P BT 6 B S SR R AR BE AR HEAT T PSR PRI ST, 4
R JLEAJRBEN 4 ARO[ B JE WA 3 2
SRR ERER 3 D RERE WA e R R E 2R,
B2 T B s e B 9 M s TR U A, 0 A G R
AT RESE T2 b SRR AR 1 . TR TE R (1989)
FAR G #1558 (2000 ) B 580N Sy, 357 sk O B0 4% b oy A
WORZ AT, PR ZR A 1961—1969 4FE £
2SN e SR, 0 VR R B iR 0 1 A R sR R
9.5 C,H K1 22.6 C,iHil)Z1 AV-HEENR
950 m, fz K2 077 m P\ Hb TH SEI B8 8L 0] DLE H 4
75 300 B O O 7E V4K 800 ~ 1 500 m 22 [f] B A L A
B X S B R ARAE rh oA, 1 AR A
RSN 6.5 ~ —6.7 CHl -10.4 ~
=13.5 °C & ar s (i B3R R a4t e 1.6 ~
7.5 CHI4.2 ~8.3 Co 1 J 0y i ~F 35 1 34 R 4
100 m 3 2.1 C {5 Kik 7.3 C, #4k1 500 m -
00 VR SR R AT DR 55, Y RO A B W > & T
WOl — N 11 R R TE R, BIRAE 3 A
AR o B RFR 0T B4k 1 382 mZA: A, T L
BER R YR 1 318 mAE AT, i ML AH 2% 70 m
Je AT, N BOHT IR R AE Hl 0 7 3 RO S T LR A
Mo 1.5 CAAT B SR R 28 b K ) Y BB 3 1, I
T B AR 1) T € 1 7= A 25 S, (0 U R AR (o B3t
WL -30.7 C) (T FEPERS AR T UL B BE 1 (2 3405E
WA -32.3 C), EMHER T, GL4 1Y 3k AR A%
(1 189 m) ,fH 35 5 Ik B A AR 09 45 31 ] LU 36 iR
JE B AFAE MR B, 2007 4 11 H T fJ, £E S5 MR A i
T R ISR A4 v A7 A i R B T AN A, AT 8
B 1 SR A B ) SR R
3.2 HBERBEIEENEREE

TEX L T JZ & ( Callistemon ) 4 /> Fh F1 4R HE J&
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