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Abstract: The purpose of this experiment was to find scientific statistic method to analyze physiological
indicators of cold resistance of peach trees ( Prunus persica L. ). The relations among cold resistance and
the four physiological indicators, including soluble sugar, proline, starch and water contents were studied
by path analysis. Cold resistance was determined by parameters of electrical impedance spectroscopy
(EIS) and electrolytic leakage ( EL). Shoots of 8-year-old peach trees were collected for the experiment
from Shibei Village ( Heibei Province, China, 37°96' N, 115°44'E, altitude of 31 m). The results
showed that parameter of EIS had a direct relation to proline and soluble sugar contents, with —0. 35 and
-0.61 (P <0.05) as direct path coefficients, respectively, and indirect relation to water content, with
0.53 (P <0.05) as indirect path coefficient. EL parameter had direct relation to proline and water
contents, with —0.51 (P <0.05) and 0.50 (P <0.05) as direct path coefficients and indirect relation
to soluble sugar content, with —0.75 (P <0.05) as indirect coefficient. The results indicated that
proline, soluble sugar and water contents were significant physiological indicators for both EIS- and
EL-methods which played a decisive role in cold resistance. An experiment on path analysis method was
carried out, which was purposed to be firstly used to prove that EIS as a fast method was also appropriate
to test cold resistance of peach trees. Especially, extracellular resistance (r,) was the most significant
parameter that can reflect cold resistance of peach trees. The results also indicated that path analysis was
a reasonable, scientific statistic method to analyze relations to physiological indicators for cold resistance.
The results of this experiment can be applied to study the correlation analysis of cold resistance of peach
trees and the physiological indicators, as well as increasing the effectiveness and accuracy of selecting
physical indicators.
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DX PRI A 6°C/h, R A0 BRI FE AR 1 4 h,
IRIG TN 4°C VKA R IR 24 ho

x1 REREREEE

Tab.1 Temperatures used for freezing test

H BeE i/ C

09 - 15 4 -6 -10 -15 -20 -25 =35
10-15 4 -8 -16 -20 -26 -34 -45
11-15 4 -8 15 -22 -34 -45 -70
12-15 4 -8 -16 -25 -34 -43 -54
01-15 4 -10 -22 -34 -45 -55 -65
02 -15 4 -8 -16 -25 -34 -45 -55
03-15 4 -8 -15 -22 -34 -42 -50
04 -15 4 -8 -16 -22 -34 -42 -50
0515 4 -6 -10 -15 -25 -35 -45

1.2.2 PLIEHEMNE
EIS 358 EL PN P IE M 7] ] Logistic J7
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B—— i B 3 45 il 2R %
C——$5 SR EE , BV VR 7B Ak % (dy/da ) 35 B
KAERTF 1R S, °C
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2.1.1 R EIS 280 A0 r 52 2 BOE

2014 49 H—2015 4 1 H , fy EIS Z% r il r,
AT 3 Al Rl B PLIEE S 5k, 1A 03 2 BOE IR 4
SME KRR (F 2.3) 0 1—5 A0y, &S FIRE
Y LT3 AR BB IE R, 5 Ay T
B (R2.3) . “RARHMPIENEA T A ik 2]
B, o, Ao A S BORE R 2
~40.09°Cfll -34.76°C, “Hid 14 5" Hewi7E 1 H
13K B e SR B FENE 1 BOLIR L 7390 0 - 34. 99°C Al
-29.65C . “21 22 MR AL r A0 r I A5 B BT HE A
HL12 AR L H 3 B e i T IE M, 2 BOE R
Srh - 24.30°C Fl - 27.67°C . HHE EIS 2 Ff 24k
B EIRPIIEVE R 7R, KADR” B 19 $70 58 1 B 2 o
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Tab.2 Semi-lethal temperatures of shoots using method of extracellular resistance (r,) C
A
i i
9 10 11 1 2 3 4 5
“R AN MR -15.12 -17.92 -25.18 -36.96 ~40.09 -33.82 -23.23 -21.16 ~10.08
“HAe 14 B Bk -19.49 -17.26 -22.25 -30.09 -34.99 -24. 81 -24.05 -17.65 -6.75
“O1 {42 b -17.69 -17.28 -22.30 -24.30 -23.57 -20.39 -23.93 -12.52 -9.95
R3 BEABBEER(r)ENENKEFIHLEE
Tab.3 Semi-lethal temperatures of shoots using method of intracellular resistance (r;) C
Ay
i i
9 10 11 | 2 3 4 5
SRR B -16. 19 -17.07 -30.28 -30. 66 -34.76 —34.48 -32.11 -16. 84 —-10.07
P 14 2 Bk ~18.51 ~17.97 -29.05 -29.58 -29.65 -27.46 -24. 14 -16.09 ~11.02
“O1 4 B ~18.00 ~17.53 ~26.73 -27.32 ~27.67 ~26.00 ~24.58 ~15.16 ~10.13
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2 33k ) d i ) UFE AL, R BOE IR - 29.43C

CRADREBERAE 3 A~ by B b 22 B 5 1) BT TE A
2015 45 1 A—2015 4 5 7, JUoE ks, s H ot
FEVEIR BB 55, B AR 14 957 BE £ 3 4y 2F Bt
REABEm(ER4) .

x4 BEERBEZR(EL)ENENKEFFHILEE

Tab.4 Semi-lethal temperatures of shoots using method of electrolyte leakage ( EL method) C
\
A VERY)
9 10 11 1 2 3 4 5
SRR BB -9.71 -19.60 -37.71 -34.58 -36.89 -35.36 -27.76 -18.38 -13.05
CH A 14 57 e -12.69 -20.95 -24.15 -28.87 -30.90 -25.86 -29.50 -16.45 -12.93
“21 {20 Bk -10.53 -20.20 -23.79 -25.79 -24.26 -29.43 -23.86 -17.29 -11.06
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BRIITRA, & M AR NI 2 R & = A0 2 T
BOTES A ik Bl mE, R Es THEA M
(P<0.01) (2 HBRoh) 53 A6 e, 2R & &IT
HHVHUT B FE MR R I 5 H 38 BB ARAE 45 b
iR & &S 9 H A E S F—K (K 1a)
2.2.2 AIEEMERES 2

9 H—24E 1 H,3 A a Bl g vl BP0 & i s ik
S BTG LA, 3 A SRR AT R
KRB R, KA Bk 14 57 921 207 B
IR 45 T S PR OBE & R4y Ol 9.24% . 9.13% |
7.75% (B 1b) o “RALR” B 14 57 B A%

AL S R R R T2 ST B R (P <
0.05) ,“ RAM” M “Hra 14 57 B AL 4 ol i 4
WS EBRA RETEES . CRART AR T H
Ty B Al MR OB S R R E T M 2 A4S B R
1—5 0y, 4% f B B nl s v 0 &5 B AN WG, S A
73, AT EBE 5 K B R R [ P T SR P ik ) g
5o
2.2.3 EMEE
9 A—11 H,3 A dh FiAs A5 i S A & it 2 1 F%

L Ay & AR, R AR R R 14 57
“20 227 MR R AR B TE R A B 1.45% |
1.28% .0.91% (18 1c) o M 12 F 3 IF 4, 4% s ol i
B BT B 2 A Gy, & AR N ITE R O AR
A S FEAHE S5 A [R] — Ko 1 R Ak 14 57
PR B A% (e 3 1 Oy ik B BE R & R R R E
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AR T B %

Bl A [a] i A R W B i ol 22 BB 45 o A2 AL

Fig. 1  Changes of physiological indicators for different peach tree cultivars at different stages
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OH—BFE 1 H , EmMEFNGTKEEET
FE(P <0.05) o “RALR"BERAE 1 H B RN &K
RNy 47.23% , T 21t B AW &K E R
45.56% (P& 1d) . 1—5 A0y, &K RZ#i 75, 7
A A i TR SR I B K R IR B B
2.3 EISSH.ELAUEMNREREEERERNE

Bom

AR 43 AT 1R U 2 PR & B AT S PR R i SR
T A KRN mBTIEE R R, aiE oy B
Xy Xy X o EIS S o E Y P B0 A EL
D7 1 2 B IR 23 B AR By yy w0 BUR
FEA BBCR 27 /NF 50, Ff A3 #% Shapiro — Wilk J5
XA AR AT IES MR 6, 0, 205 .2, .7
vy v, B9 EPE P4 B R 0.093 0. 464 .0.952
0.221.0.409 .0. 070 0. 365, Jii P Fa, BH 2% 1] 15 4 98 14
(y,) W PAES 43T 0. 05, T AIES i A, &
BRiz 28, HoAth A8 5 /9 P {E 3 KT 0.05, A] DL
FTmAR T

M2 5 Al LUE & 48 it Z [\ i AH DG OC R | A i
y Flys 76 P <0.01 & 35 BEOKSF B RgAH S R AL r =
0.85, FFIFH SPSS ## 37 Wi & 1Y £k 1 [nl 05 J5 A&y
y, =0.872y, —=3.868 ,R* =0.72 jliit F Kdo: 4k 34 1
WH D M, 5 F=64.59(P <0.000 1), 1]
VA7 R S 3, W I AT AT L A v BHL 258300 A2 1Y) Bt €
Py R FROR EL I L FEME vy 0 a2y 0y 0, 5
yy B AR DCPE 7 T, AT I PR i () 5y OGP A
L T TER & i (v,) 5y A BEMKL LR

®5 BTBZHEMEXEY

Tab.5 Correlation coefficient between variables

Bl %) %) %3 % % ¥3

% 1 0.43* 0.30 -0.38" -0.61" -0.70*
% 0.43" 1 0.16 -0.65" -0.76" -0.57"
x5 0.30 0.16 1 0.15 -0.14  -0.06
xg  -0.38" -0.65" 0.15 1 0.69  0.69*
Y -0.61" -0.76™ -0.14 0.69" 1 0.85"
y3  -0.70" -0.57* -0.06 0.69** 0.85* 1

{E: # RIRTE P <0.05 KPR, #+FRIRTE P <0.01 KPR,
T,
vy, 0 o, 5y AT BAEREZE D INA D %
1l H 23, i g F R 3 e B 1 [ml A O AR 1Y B
T BHE O R i s AT WE s S DA o
ZBRTE P <0.05 KV B2 7 B DL R &,
ERRW] v, xR EOR . HHOE R RE (AR E R AL
Beta) 435l —0.36 fil —0.61(F£ 6) .

x6 BERB.TAMELIESHBIEEE(FNUE)
1/ )3 53 #7
Tab.6 Partial regression analysis of proline, soluble

sugar contents and semi-lethal temperature (r, measured)

i e R R AL FRifE R B
LAY T o t P
B R 22 Beta
AL -0.08 3.48 -0.02 0.98
i & R & -0.01 0.01 -0.36 -2.72  0.01
AR R -2.77 0.59 -0.61 -4.73 <0.01

NN I (oIS ke NN (VSRS g <
xS HARRBER A &, x5 x, BIESRER
A B 4% A8 B 2 0] p 2540 Oy R 4

y, = —-0.08 -0.01x, -2.77x,
x, =1283.61 -19.32x, (3)
x, =20.13 - 0. 28x,

AR [ U 775 7 A B, AT AR ME A AL B, AT LAAS 3
FRAZ AN ER AR R AT — AR AR
Y 1] 422 38 4% R BN E AR R R (ry) 5 B R
Bo(P,) R . M B 43 12 2 BRI ] 4 18 A2 R 4L
AR, B R O TSR B ZR S R R B
—0. 61, ATy PEAE 5 5 X B FE M 19 25 45 B i AR R
H, N -0.76(£ 7).

®T BEEEMRMEMEEZVNEHRELNEERSN
Tab.7 Path analysis of cold resistance measured by r,

with various physiological indicators

- Xt oy, B9 E 5] 422 38 42 [f] 42 3 2 x Xy, 1Y
/l\E 2 2]
JLREEY EY e EXgsyill MAEH
~0.26"
x ~0.36" ~0.26" ~0.61"
X]—>X2—>_’}']
~0.15°
%, ~0.61° ~0.15" ~0.76"
Xy =X Y
X3 VIS 0 0 0
0.39°
x4 1S TR 0.53* 0.53"
0.13°

Xy %

AR A 3 M A K 454 T 7 2 T DA A 3 A B 4
P55 1 S HL BEL 3R 30 5E B AR BT 7 1 1 3 A 20 A A T
mE 2 s

FHERE (05)|

B2 AR AR S PN (r 35) AR AT
Fig.2 Chart of path analysis of physiological indicators

and cold resistance (r, method)

IEFHTRIRE 1) 5 3%, 4 30 AR B4R b 5 EL 3 I s
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R i AT R B R K R BT T A
Wi o iU 7 A K RS EL 35 52 i B JE MR A
FARAE N, Bl AR R B B - 0.51 F10.50,
Hh O R R EL ik E i 5 JE R BAE R OR
BB REON -0.78(F8)

FEOERE (ELS)|

3 AP bR S HU RN (EL 1) i@ 42 70 4 1A
Fig.3  Chart of path analysis of physiological indicators
and cold resistance ( EL method)
*8 BHEBEIEMRMNELVSHNREEHNERZRS N
Tab.8 Path analysis of cold resistance measured by EL

method with various physiological indicators

M Wmme WEoai o6 i
A2 nr ) o \
EREE S ES 4 RECEM MER
-0.27"
* -0.51" -0.27" -0.78"
XY
-0.30"
XX )3
% plIES -0.75" -0.75"
-0.45"°
XXy )3
X3 VIS 0 0 0
0.27"
Xy 0.50" 0.27" 0.77"
Xy X3
3 itig

i A PR AR EIS 1 F0 EL 2 0 E Bk A% BT €
P IR (9 AH OGP 0 A B, EL 30 5E $0 € P A ELS
S0 i A v BEL AR E B BT R R A O
o fERB NIEZ A HOL T, RN
0.849(P <0.01) o 15 W] fa & v BH I %E HT 5 1 ] LA
EELG M EL LI E R 5T IENE

AWIFFERE 2 PP FENE I I E T7 1% 73 0 5 A P AR
PRASCE A 23 BT, R R 5 2R K000 i i LB A A R 1)
Hom AR R BOM Sl AR AR I 3 RARBERAR LB
RIS RS ER NS (NN LIRS (BRSPS (S
LEIR TR IR G EL 35 I 5 B S S M e,
A 2R & i AL PR A KR BRI AR R
Wi o WX 3 ANAEBEAE bR EIS 2 % i A1 v B AR 3%
I E 1) YL IENE A R, 5 EL 35 € U IE I — B
FCrp R R R AT PR R O N AR R
Wi 470 T 5 17 A0 A A e K 38 B W) i A IR 5 R A ]

RS R 2 AW AEAR R R T e, &
I 5 7RI IR 1 ok S SR R L 4 22 MRk i 28
W98 20T, ] v Wl 5 i m] AR 4 00 5 bl ) ¢ 9
PRI 22 5 o B4R A 41 X Eh BRI L T
RS T 4 i 4 5 R0 5 Pk 32 25 00 Xk P Bz A B4 TE
9 2 BR, W 85 i 2R 5 kT L P R S R [R) i b
AP IENE, OUTI 25" BF 5 & 8L, K4 N 15 K R [
A B FAE D PUIE , B2 N & K R A5 (L BE 8 75 —
FERRRE b A P IEE . DL B LB IR T
—HRGHIEEM SR AT A AL R 5 [
VA 5 FE AN BB S e AE RS A5 22 (B B A B RS W . AS ISR
TSN B AT IE A 43 A IR IE A 1E 2 43 A Y AR
T U AR S M o B O IE 2S00 A AR SR T b BE
% S WRFE A H A i B M G A A B SRR
I FH 8 42 43 A7 7 1k AT LA 7R A 38 Bk 22 (8] A9 A B 5
Wi, 78 57 A PG B 22 1) 1038 42 56 2R, a8 1 43 B 5 ik B
PP FEE o 3 g A1 e B R 0 5 9 v 5 A E
FRUEAT I8 A 1A 43 A, 25 Bk 8 35 2 R e /DN 1 A B
R(EH LT BRREREE P >0.05) 15 3 5% i 1 5€
PRI R B AR N R . 45 TR W 3 Al it A &%
ATV PR B BT SR M B K, EL R AR
ZEH -0.61 (P <0.05), MimitRZE N -0.76
(P<0.05), MRS M EEERREN -0.35
(P<0.05), A4 @8R AN -0.26(P <0.05), i
AR RN -0.61(P <0.05) , AJ ¥ 1 i 0 il 4 12
VB R85 V8 15 ) 5, A6 R 4 38 20 AR W 38 i), BT LA
IO E SRR AR, A RO R A TR B0 g
T o T B 7K 23 5 i fi 20 R 7 R T M Y AR
Ak, 3 T 5 e Bk RE Y T T8 1, HE IR AR R B
0.53 (P<0.05), MR AEKN0.53(P<0.05),
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