wF @B ¥ 2016022).75~51

iy « R

DOI.10. 11937/biyy. 201622020

£ Y BRSO G KT A =R R =R

B A KD #R

GRbA A K2 FEZ

R XA, KN

2B, Wb fR5E 0710000

H EA2HFAEAXRBAZTRMALZRR LT L L0 FERLHRAM, KA R
FEEESEARTEL L SANMARSE I AEES 1 ARAER, F4ER ABHET
B A AT T B R AT B TR AR AT IR B iR ey mi B, SRR R R B E
WRRAEMNFRBENRERAMB AR @R G, SREV I B LE r fo i wt b ¢ M5
B AR AL B T &AL B Logistic AR RFMAE LR RZBE K ZEEN
HRFEABENEKSFAZREREAEEE r(r=0.795) . “&XF” r(r=0.809).“2 £
PR T(r=—0.858); REL MK B FE R A BEOLH SN A ZRRA BT RALA 2K ¢
(r=0.967) “& X F"r. (r="—0.873) .“A £ " ¢(r=0. 922),

KW KT A 2= IR E A ; B T P EOLRE

hE 4 %KS ;S 685. 12

BEREDEFNEERER, 2RAEY - |M5
SR FEEIRERE T . IR R IR b A iR
i, 27 MBI, HAH SRR I R A 2
PR T A6 P H 25 S, AR EEBEH
F) b BRI AR R, Nk A SR PT 5T
AALERE G AZARK SRR, BE®T 30 ChlH#
ABRERIRAS KON B R INE , B et A 2200 i
PHMMEREEATEY, HHLEERESRZHIR
BERMAL iR B ETE EIS My it b
FIRLFH » Kot B RAE R R R BOEIREE, I I e B 2545
FEM

WA 32 BRI 2% =5 1R b 38 A 400 D AR R AR RS
S5 0 T BE B ST 3 B Ak SR, e B 4T I 3 Celectrical
impedance spectroscopy, EIS) ¥ B4 Pt . R &1, JE i IR
Pt AT B 80386 5% Tt 20 T AT 400 L R o e A8 Ak i 7= A 2R
AR A ) TR R SRR AR, &y
R YPLIEET S T B s H L H AT SRR
IER D A EMIE R b WARE . R A E
HIHTSE M T Ptk 2R AL, BE O — 2P IR H IE IR
fi 38 ML IR AL S5 KR , o AT R i 4T

E— BB R ARA990, F, T E LA AL AL BE
FEARE S AR AL, Email:946766243@qqg. com.
EEMEE RMA59,. B L. 4. R EZAFALF DM
& 1A AN BAHE L, Email:zhanggangl 210@126. com.
E4TH:BE A KAFELF A\ (31272190,

Wr#E HHA:2016—08—09

TEAERIAEE A 3LE4E-1001—0009(2016)22—0075—07

B E ISR,
1 MR5HE
L1 5t

RIS RAE I Al R AR AR i (646 38°44 AR 48
116°35") Y =4, EAERITMEA A HLAL , 3 F 50 %6 22 B R Al
PERFR 800 BN HIEHEA TR FRAL IR IS 2 d /5 L 4%
30 em X 50 cm BRATEENE 3 A Fl A EHATRENLEM . i
B b 7E RS AR R IR 39 C Bum RiR —14 °C.
L2 bk

LA R 2 4EA RIE A A BEEAR” (‘Magia
Nera’).“4 # 5" (*Gold Medal’) . “£ % /MNE” (*Maria
Callas B M F AR 4. FRBALEFFEEREQ
FEXT R (CKD (2 AR G R IETRLE R 2 N HEFFRE SIS T
FITRLEE , BURE I B) SA PRIR B L3R 1., FEALHERAE K5 BTk

*1 R mENERHRPNFARREIZE

Table 1 Different temperatures setting of heat

resistance and cold resistance

WA H# R
Research content Date/ (4E-H-H) Temperature /°C

2014-04-12 CK 30 35 40 45 50 55
2014-05-12 CK 30 35 40 45 50 55
2014-06-13 CK 30 35 40 45 50 55
2014-07-12 CK 36 40 44 48 55 60
2014-08-12 CK 36 40 44 48 55 60
2014-09-22 CK —4 —8 —12 —16 —22 —30
2014-10-22 CK —4 —8 —12 —16 —22 —30
2014-11-22 CK —6 —12 —18 —22 —26 —35
2014-12-22 CK —6 —12 —18 —22 —26 —35
2015-01-22 CK —8 —14 —20 —24 —28 —35

Heat resistance

Cold resistance
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Fig. 1 Variation of EIS parameters in the heat resistance research period
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Fig. 2 Variation of EIS parameters during the cold acclimation
60 12
50 O “HEAR” 10 O “MmER”
0 “a¥e 0 “aies
40 [ IS NN [ I e N

Ha o rTBH R
Extracellular resistance/Q)

CK 36 40 44 48 55 60
WA FE Temperature/°'C

20
15 0 “sXxE
I N

BT )
Relaxation time/ps

CK 36 40 44 48 55 60
HAFE Temperature/°'C

BRI TR £

Intracellular resistance/C)

[ A -]

0.8
0.7
0.6
0.5
0.4
03
02
0.1

ST 1) 5310 ZA oy
Distribution coefficent of relaxation time

CK

36 40 44 48 55 60

WA FE Temperature/°'C

MR
ey
FSINR

30 40 44 48 55 60

i) Temperature/'C

B3 8ATEARBRAET EISSHMEL
Fig. 3 Change of EIS parameters at different high temperatures test in August
M, Ho, nBWiE R, E—17 CH A »n k%
I B AR AL B s o BB, RIBEE — 17 "CRE N FE

2.2.2 fRIBALFET EIS S8t WK 4 TRIEH,
WEE Ab BRI BE Y AR, 3 A 4% EIS SR I AR

77



EHIEF - a4y wF @B ¥ 2016022).75~51

B, —35 CRURJLPA 059 AL . B2, W BT R E BOTIR E B AR 5 X E] GK 2),
2.3 FEOUEERNTE rovt AR ERRFEOURE RS r. o HHRERE

MAFIREABET 4 MRS LEERELE R AMER, % RFI7E 8 A I Mtk 8RR (R 3.

TR R A AT 45 R R, IR T 3 A A O, rnXMREEBOUIRE G4 REY . 5SRELL
et BRI EIE S BN, A REEGEE EEMX A RFTIEASZEEIEE, 2] 1 AN K2R
BERAAR S X R RAL B AL B 4RI S BR(ER 5,

HIA LR r.

Extracellular resistance/Q2

SR )
Relaxation time/ps

160 20
140 O “REEAR”
120 m s
100 B e/

O “BEEAR”
[ x5

= Vi

MM B R r
Intracellular resistance/Q2
=

80
60 2
40 p
20 2

0

CK -10 -17 =25 =35 -45 —60

O “BEA”
@ ek

B “a3hNR”

O “BEEAR”
g

[ =i

SBFRIRHE) 5340 R Sy
Distribution coefficent of relaxation time

CK -10 -17 =25 =35 —45 -60
i Temperature/°C

CK -10 -17 =25 =35 —45 -60
i Temperature/°C

B4 12 AFE{EEAET EISS#aTWX

Fig. 4 Change of EIS parameters at different low temperatures test in December
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Table 2 Semi-lethal temperature estimated by EIS parameters
bR Ha S s BELER (re) B Py i BELZE () IR ] () SR A ] 43 A RE(P
Variety T e HiE T & HiE T & HiE T e B
‘R’ N N - - N - - -
T N N N - N - - -
“aE/NMA” Nj N - - N N - -

Y FREHE L REGURE AR EEERK AR A AT HE R ER A RA REER XN,

Note: ‘~/’ means the half lethal temperature and temperature variation range can be calculated; ¢ —’ means that it can not be calculated the half lethal temperature or not with temperature

variation range.

*3 R R AN S BEBRARE

Table 3 Semi-lethal temperatures estimated by 7. during the heat resistance research

R A LR R X [E] g AR LEES S8
Variety Date/ (4E-H-H) Semi-lethal temperature/ ‘C Change interval/‘C R? r

2014-04-12 38.159 36. 953~39. 662 0. 905 —0. 763
2014-05-12 39. 164 37.737~40. 590 0.927 —0. 869
“HLEER” 2014-06-13 46. 825 45. 448~48. 202 0. 857 —0. 640
2014-07-12 46. 873 45. 445~48. 301 0. 902 —0. 759
2014-08-12 48. 159 47.162~49. 228 0. 880 —0. 679
2014-04-12 34. 283 33.971~35. 482 0.912 —0. 818
2014-05-12 36. 910 35. 002~37. 763 0. 943 —0.872
“oxdpEE” 2014-06-13 42. 836 40. 412~44. 763 0. 761 —0.570
2014-07-12 43. 047 42.116~44. 528 0. 963 —0. 907
2014-08-12 45. 235 43. 229~46. 807 0.912 —0. 833
2014-04-12 37.111 34. 881~39. 019 0. 658 —0. 507
2014-05-12 37.658 36.511~38. 692 0. 884 —0. 667
“Lr32/NH” 2014-06-13 39.014 38. 310~40. 279 0.923 —0. 853
2014-07-12 41. 881 37. 881~44. 072 0. 594 —0. 487
2014-08-12 41. 625 38. 335~42. 701 0.711 —0.519
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Table 4 Semi-lethal temperatures estimated by = during the heat resistance research
R H# HHFERE iR AR AL X PERH R R
Variety Date/ (4F-H-H) Semi-lethal temperature/ ‘C Change interval/°’C R? r
2014-04-12 40. 432 39. 852~41. 573 0. 706 —0. 621
2014-05-12 41. 622 39. 193~44. 051 0.724 —0.572
“HEER” 2014-06-13 45. 260 42. 759~47. 760 0. 630 —0.592
2014-07-12 42. 607 41. 950~43. 264 0. 966 —0. 842
2014-08-12 46. 307 42. 961~48. 193 0. 648 —0.592
2014-04-12 37.824 34.070~34. 112 0. 647 —0.527
2014-05-12 37.919 36.501~38.772 0. 862 —0. 740
oW EE” 2014-06-13 42.120 38. 777~45. 383 0. 588 —0. 469
2014-07-12 43. 993 41. 339~46. 142 0. 607 —0.510
2014-08-12 45.622 42.731~47. 634 0.714 —0.539
2014-04-12 39. 484 38. 884~40. 853 0. 829 —0.702
2014-05-12 38.513 34. 026~41. 521 0.523 —0. 396
“Lr32/NH” 2014-06-13 42. 008 39.771~44. 315 0. 694 —0.531
2014-07-12 44, 374 41. 789~~46. 508 0. 548 —0. 470
2014-08-12 44. 500 41. 632~~46. 819 0. 510 —0.422
x5 REEMRARN HERBREHERE
Table 5 Semi-lethal temperatures estimated by 7. during the cold resistance research
Fh R H# HHFERE iR AR AL X PERH R R
Variety Date/ (4E-B-H) Semi-lethal temperature/ ‘C Change interval/ °‘C R? r
2014-09-22 —8.157 —9.012~—7.363 0. 795 0. 802
2014-10-22 —8. 464 —8. 875~—8.403 0. 959 0. 858
“IBEER” 2014-11-22 —13.062 —14. 055~—12. 069 0.935 0. 862
2014-12-22 —15.132 —16. 754~—13. 510 0. 895 0. 857
2015-01-22 —15. 473 —16. 455~—14. 491 0. 963 0. 894
2014-09-22 —7.669 —9.001~—6.152 0. 704 0. 743
2014-10-22 —8.013 —9.254~—7.435 0. 967 0. 903
“opdp I 2014-11-22 —11. 556 —13. 197~—10. 452 0.919 0. 867
2014-12-22 —14. 881 —15. 744~—13. 127 0.972 0. 908
2015-01-22 —15. 307 —17.118~14. 166 0. 940 0. 884
2014-09-22 —6. 629 —8. 114~—4. 807 0. 878 0. 870
2014-10-22 —8. 330 —9. 714~—6. 992 0. 843 0. 733
“e2L/NE” 2014-11-22 —12.414 —13.667~—11.802 0. 867 0. 811
2014-12-22 —12. 660 —14. 008~—100. 729 0. 853 0. 796
2015-01-22 —14.993 —15. 419~—13. 633 0. 961 0. 903
2.4 REUEFEACTRAL MK IR B HERS , & o e Ptk S e SR MR A iR T, I R 4R T

HEAZREA AN EBOUREM RIS R,  ERHF. RSAERIEL T B ES EIS 2407 AT A
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Fig. 5 Change of semi-lethal temperatures
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Table 6 Relation between EIS parameters and semi-lethal temperatures
el Fh R EIS &% [EYEpz: POERE LES S5
Research type Variety EIS parameter Regression equation R? r
Te y=0. 009x2 —0. 076x +35. 263 0.613 0.781
e i ¥ =0.001z? +3. 134z+27. 033 0.633 0. 795
B
- _ _ _
¢ y=—505. 82022 +597. 970x— 130. 830 0. 556 0.714
Te - - —
Tt Rt - 7i y=0. 01822 +3. 7172+19. 950 0.655 0. 809
Heat resistance T y=—0.0512% —0. 0842174, 456 0. 642 —0. 801
) _ _ _
Te - - -
7 y=0. 11622 +0. 1822+ 34. 800 0. 727 0. 852
“ae/NA”
T y=0. 12722 —6. 510z+120. 760 0.782 —0. 858
¢ _ _ _
e y=0. 00022 —0. 084z—7. 619 0. 890 —0.749
“ . i y =0.02122 —1. 1162—5. 318 0. 926 —0. 787
B
T y=0.1172% —6. 3412+70. 236 0. 903 —0.944
¢ y=—126. 67022 +190. 230z —79. 364 0. 944 0. 967
Te y=0. 00022 —0. 120x—3. 407 0. 993 —0. 873
R Py 7 v =0. 03922 — 1. 606z— 1. 332 0.908 —0.785
Cold resistance T y =—0. 39222 +19. 520x—251. 490 0. 756 —0.737
) _ _ _
e y=0. 00022 —0. 127c—3. 403 0.748 —0.740
i y=0. 02722 —1. 360x—1. 189 0. 974 —0.792
“AxZE/NE”
- _ _ _
¢ =594, 20022 — 638. 550+ 156. 930 0.914 0.922

ECERR AN REERENSE.

Note:— means 7 is too low,which can not be an estimating parameter.
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Evaluation of Heat Resistance and Cold Resistance of Grandiflora
Roses by Bioelectrical Impedance Technology

CUI Ruihang,FAN Shaoran,JIAQ Meiling,ZHANG Gang
(College of Horticulture, Agricultural University of Hebei, Baoding, Hebei 071000)

Abstract : The one-year-old shoots in two-year-old grandiflora roses ‘Magia Nera’ ‘Gold Medal’ *Maria Callas’ were used
as materials. The heat resistance of stems from April to August and the cold resistance of stems from September to the
next January were measured by the method of electrical impedance spectroscopy (EIS). And the changes of EIS
parameters in high temperature and low temperature stresses were studied in detail. The aims of the present study were
to determine the response of EIS parameters to temperature stress,and to obtain the best EIS parameters for estimating
the semi-lethal temperatures without temperature test. The results showed that under high temperature stress test,the
changes of extracellular resistance r, and relaxation time ¢ could be well fitted by Logistic equation; and under low
temperature stress test,r,could be well fitted by Logistic equation. For the samples without temperature test,the best EIS
parameters to estimate the semi-lethal of high temperature stress were intracellular resistance 7, (r=0. 795) ,r; (r=0. 809)
and z (r=—0. 858) for ‘Magia Nera’ ‘Gold Medal’ and ‘Maria Callas’ respectively. The best EIS parameters to estimate
the semi-lethal of low temperature stress were relaxation time distribution coefficient of ¢ (»=0.967),r, (r=—0. 873)
and ¢ (r=0.922) for ‘Magia Nera’ *Gold Medal’ and ‘Maria Callas’ respectively.

Keywords : grandiflora roses;temperature stress;electrical impedance ; semi-lethal temperature

81



