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Abstract: Cold resistance of ten cultivars of Anthurium andraeanum Lind. under low temperature
condition was evaluated by semi-lethal low temperature (LT, ). And on the basis of determining
physiological indexes of leaf of each cultivar after high temperature (39 °C) treatment for 48 h, heat
resistance coefficient and correlation coefficient of these indexes were analyzed, and heat resistance of ten
cultivars of A. andraeanum was comprehensively evaluated by principal component analysis and
subordinate function method. The results show that after low temperature treatment of -1 °C, -3 °C,
-5 C, -7 C and -9 C, relative electric conductivity ( REC) of leaf of ten cultivars increases
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gradually, in which, REC value of cultivar ‘ Alabama’ appears the trend of “increasing slowly —
increasing quickly” and that of other cultivars appears the trend of “increasing slowly —increasing
quickly—increasing stably”. According to LT, of each cultivar obtained from Logistic equation, the order
of cold resistance of ten cultivars from strong to weak is ‘ Alabama’ ; ‘ Royal champion’; ‘Madural’ ;
‘Sweet champion’; ‘Turenza’; ‘ Avento’, ‘Arebo’ and ‘Pink champion’; ¢ White champion’ ;
‘Sierra’ . High temperature treatment for 48 h has a certain effect on physiological indexes of leaf of each
cultivar. In which, REC value and CAT activity are obviously higher than those of the control (room
temperature ) , MDA content is higher or equal to that of the control, and their heat resistance coefficients
all are above 100% ; relative water content and contents of chlorophyll, carotenoid and proline are lower
than those of the control, and their heat resistance coefficients all are below 100% ; activities of SOD and
POD and soluble protein content (SPC) in leaf of most cultivars are lower than those of the control, and
their heat resistance coefficients all are below 100% , while activities of SOD and POD and SPC value in
leaf of only cultivar * Alabama’ are slightly higher than those of the control, and their heat resistance
coefficients all are above 100% . And there is a certain correlation among heat resistance coefficients of
each index. The result of principal component analysis shows that accumulative contribution rate of the
first three principal components reaches 91. 50% , in which the first principal component is defined as
enzyme activity and osmoregulation substance content, the second does as photosynthetic pigment
content, and the third does as membrane permeability. According to comprehensive evaluation value of
heat resistance, the order of heat resistance of ten cultivars of A. andraeanum from strong to weak is
“Alabama’ , ‘ Royal champion’, ‘Avento’, ‘Arebo’, ‘Madural’, ‘Sierra’, ‘Turenza’, ‘Pink
champion’ , ‘Sweet champion’ , ¢ White champion’. Tt is suggested that both cold resistance and heat
resistance of cultivar ‘ Alabama’ are stronger, and it can be planted widely in different climatic regions.

Key words: Anthurium andraeanum Lind.; semi-lethal low temperature ( LTy, ); cold resistance;
physiological index; heat resistance; comprehensive evaluation
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Table 1 Relative electric conductivity of leaf of ten cultivars of Anthurium andraeanum Lind. under condition of low temperature ( X+SE)

R 16 A P I A H 5/

i Relative electric conductivity of leaf under conditions of different low temperatures

Cultivar

-1

-3

-5%C -7 -9

L5 Royal champion 10.85+1.31 11.15+2.01 16.42+0.24 86.77+0.56 92.080. 19
F17E % White champion 13.370. 15 16.621.42 88.46+0.61 90.72#1.15 98.210.25
3 5E%E Pink champion 13.56+0.28 16.710.61 89.97=0. 41 92.48+0. 61 98.39+0.28
FIHE % Sweet champion 13.66+0.04 14.34+0.22 21.76+0.29 89.63+0.39 94.39+0.27
TLRHE Madural 10.52+0.21 15.43+0.35 20.98+1.52 87.54+0.56 94.210.35
FHE % Turenza 12.21+0.32 14.06+0. 72 87.40+1.04 91.83+0.51 96.25+0.39
I FH Sierra 14.180.41 26.80+0. 81 89.74+0. 84 94.59+1.24 98.69+1.41
BRI %18 Arebo 13.32+4.27 16.26+0.09 89.94+0. 34 92.43+0.84 96.83£0.51
Fi] FLFE Avento 12.45+0. 34 16.61+0. 50 89.020.27 93.05+0. 15 96.54£0. 42
B[ H7 B T Alabama 10.37+0.52 12.69+0.42 19.82+1.45 38.91+0.16 89.59+0.36
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F2 EEEGHTI0 MELERFE Logistic FRFERFHILERE (LT, ) RIIERHF
Table 2  Logistic equation, semi-lethal low temperature (LT5,) and order of cold resistance of ten cultivars of Anthurium andraeanum Lind.
under condition of low temperature

A Logistic 77 2" LR LTsy/C PrIEHEY

Cultivar Logistic equation" Correlation coefficient?) Order of cold resistance
55 Royal champion y=97.95/(1+169.49¢70-232T") 0.958:x -5.68 2
HIE%: White champion y=90.72/ (14290 667.20e>71747) 0. 993 -3.38 9
W ZE Pink champion y=92.25/(1+294 361.00e>7202T) 0. 995 -3.39 6
FE % Sweet champion y=102.40/(1+90. 627080467 0.957+ -5.60 4
HHRHL Madural y=102.90/(1+79.89¢70-772°T) 0.9565 -5.67 3
T Turenza y=90. 82/ (1+457 815.50e27907T) 0. 9965 -3.46 5
35 FH Sierra ¥=90.96/(1+100 961.30e~35%4T) 0.988: -3.20 10
P31 Arebo y=92.19/(1+302 877.80e>7287) 0. 996 -3.39 6
Bl ELHE Avento y=91.43/(1+300 724.40e™>72067) 0. 996 -3.39 6
B[ 5 Alabama y=169.53/(1+55.55¢ 043487 0.978 -9.24 1

”y; FHXTHL 5% Relative electric conductivity; 7' Kb P B Treatment temperature.
2 %, P<0.05; #%; P<0.01.

®3 BIBAIE48 h 510 MIE RO A EBERGERY

Table 3 Change of physiological indexes of leaf of ten cultivars of Anthurium andraeanum Lind. after high temperature treatment for 48 h'!

W LT/ % WA R R KB %
L Relative electric FIKER/ % B/ pmol - g7 Fh/mg - ¢! Frht/mg - g
Cultivar conductivity Relative water content MDA content Chlorophyll content Carotenoid content

CK T CK T CK T CK T CK T
£ 55 Royal champion 16.40 21.40 82.90 60.34 0.01 0.01 1.88 1.48 0.30 0.26
M4 White champion 20.27 32.93 81.95 55.85 0.01 0.02 1.96 1.14 0.30 0.24
€% Pink champion 20.06 32.19 81.98 55.23 0.01 0.02 1.96 1.16 0.30 0.24
I %% Sweet champion 19.79  31.53 81.36 55.91 0.01 0.02 1.95 1.17 0.29 0.24
IERHL Madural 16.89 26.75 82.67 65. 66 0.01 0.01 1.90 1.39 0.30 0.27
FEE B Turenza 17.77 26.54 82.41 56.96 0.01 0.02 1.89 1.24 0.30 0.26
Ui BH Sierra 17.14 25.40 82.09 61.14 0.01 0.02 1.88 1.29 0.30 0.24
FATEhi 1 Arebo 16.48 21.86 83.11 61.08 0.01 0.01 1.88 1.45 0.31 0.26
BT ELFE Avento 15.57 20.31 83.48 64.58 0.01 0.01 1.92 1.53 0.31 0.23
a4 L 5 Alabama 15.11 18.96 83.79 60. 65 0.01 0.01 1.98 1.17 0.33 0.30

SOD FEHE/U - , POPI?% L CAT] T . R Eﬂﬁ%@a‘i . j@ﬂ%é@?

i SOD activity /U - g  un PE/U - g  min & %/Mg * g (&) g/mg.' g
Cultivar POD activity CAT activity Proline content Soluble protein content

CK T CK T CK T CK T CK T
B 55 Royal champion 137.04  132.26 146.10 142.08 56.96 99.23 138.99 128.73 87.42 76.06
M2 White champion 134.87 100. 14 101.00 70.93 49.27 65.11 104.74 87.27 79.63 40.06
% Pink champion 134.86  101.63 101.54 73.21 42.57 68.97 104. 69 88.11 81.17 41.68
AIEZE Sweet champion 134,62 102.51 101.75 76.67 52.57  69.56 107.53 89.73 81.60 41.90
h#BHL Madural 135.39  122.18 138.16 113.44 52.37 87.67 127.53 116.87 85.39 72.62
FERF® Turenza 137.23  107.52 115.47 89.07 47.60 73.37 106. 48 91.82 83.78 48.93
I fH Sierra 134.25  106.39 127.53 102.02 58.51 80.37 110. 68 93.48 84.55 49.16
Pl Eii - Arebo 135.81 128.00 143.83 133.99 54.91 92.99 131.02 119.23 86.21 69.15
AT ELFE Avento 140.13  139.23 153.70 137.27 71.91 118.74 148.53 131.78 88.20 78.87
P h7 2 Alabama 153.40 155.26 170. 17 175.46 74.37  135.46 172.94 154.21 89.03 96.42

D CK; EHRALBE Room temperature treatment; T i (39 °C ) LB High temperature (39 °C) treatment.

WLF 4, KABPRIT R B A A M g R L 5 AR S K e R & B D RS RN
Fa ZERFW 10 DAESFH AT ES REENEIEEE/NT 100% ; KZE K SOD
2R MDA & A CAT IEHER MR B KT 100% ,  15ME:  POD 3G P A i 2 & 8 i R BV T
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Table 4 Heat resistance coefficient of physiological indexes of leaf of ten cultivars of Anthurium andraeanum Lind. after high temperature

treatment for 48 h')

AR TR K %

Heat resistance coefficient of different indexes

g

Cultivar REC RWC MDA Chl Car SOD POD CAT Pro SPC
£.55 Royal champion 130. 46 72.79 116.36  78.54 88. 13 96.51 97.25 174.21 92.62 87.01
{45 % White champion 162.43 68. 15 139.21 58.12 80.23 74.25 70.23 132.15 83.32 50.31
#3587 Pink champion 160. 47 67.37 138.25 59.29 81.21 75.36 72.10 162.00 84.16 51.35
FI5E % Sweet champion 159.36 68.72 138.58 60.07 82.35 76. 15 75.35 132.32 83.45 51.35
L4 Madural 158.37 79.42 118.47 73.27 89.25 90.24 82.11 167.41 91.64 85.05
HHEBE Turenza 149.35 69.12 141.52  65.45 87.15 78.35 77.14 154. 14 86.23 58.40
B Sierra 148.21 74.48 141.79  68.50 79.35 79.25 80.00 137.37 84.46 58.14
BT 5% Arebo 132.62 73.49 129.24  77.00 85.06 94.25 93.16 169.36  91.00 80.21
BT BLHE Avento 130.41 77.36 122.32  79.76 73.26 99.36 89.31 165.13 88.72 89.42
Bl $7 % 55 Alabama 125.46 72.38 113.47 59.17 90. 13 101.21 103. 11 182.15 89.17 108.30

DREC. fBXTHL 5% Relative electric conductivity; RWC: X} 7K Relative water content; MDA A 5 & & MDA content; Chl; M&tE & &
Chlorophyll content; Car: 283 N ZE i Carotenoid content; SOD: SOD {4 SOD activity; POD: POD i&#E POD activity; CAT: CAT 3G CAT
activity; Pro: %R & i Proline content; SPC. FJ{FMEHE i & it Soluble protein content.

=5

HIRALEE 48 h J5 10 MIE SR R S ERERT AR EMNAX R Y

Table 5 Correlation coefficient of heat resistance coefficient of physiological indexes of leaf of ten cultivars of Anthurium andraeanum Lind. after

high temperature treatment for 48 h'!

HIEPRT AR BRI A E R B Correlation coefficient among heat resistance coefficients of different indexes

Eiztn

Index HREC HRWC HMDA HChl HCar HSOD HI’()D HCAT HI’m HSI’C
Higgc 1.000

Hpwe -0.382 1.000

Hypa 0.668 -0.601 1.000

Hey -0.546 0.726 -0. 466 1.000

He,, -0.149 0.002 -0.427 -0.071 1.000

Hgop -0. 886 0.651 -0.908 0.629 0.246 1.000

Hpop -0.936 0.458 -0.834 0.493 0.404 0.936 1.000

Hear -0.709 0.411 -0.821 0.438 0.485 0.826 0.797 1.000

H,,, -0.670 0.634 -0.834 0.738 0.530 0.844 0.794 0.836 1.000

Hepe -0.820 0. 640 -0.943 0.485 0.385 0.972 0.925 0.846 0.823 1.000

D Hppe FEXT HL S5 2 A it R X Heat resistance coefficient of relative electric conductivity; Hpy : FEXT S 7K B BTt R %L Heat resistance coefficient
of relative water content; Hyyp, N & B TR L Heat resistance coefficient of MDA content; Hey, ¢ IH-43 2% 2 B TR R 2R 2K Heat resistance
coefficient of chlorophyll content; He,, : ZEHA3 b2 &AM R EL Heat resistance coefficient of carotenoid content; Hgqp : SOD I P AT #4 R £k
Heat resistance coefficient of SOD activity; Hpop : POD 3G PE i #5422 5L Heat resistance coefficient of POD activity; Heyp: CAT 15 P4 19 i #5 2 5%

Heat resistance coefficient of CAT activity; Hp,, :
M Z $L Heat resistance coefficient of soluble protein content.

100% AN A < BT 7 1 55 i 7 (1) SOD 3 14 . POD 1%
PRI AT ¥ M AR 0T Y R R B T 100%
I ASORI FH T AR B0 — 8 A M L 4 T PP 21 %
TR A

H 2% 5 AT L .10 AR BEFR R A i B R BB A7 7 —
FE RO . Horb A6 HL S 3 MDA & 5t A T F4
FRECRIEADE 31X 2 N PR 5 HAR S AR T A R 40
SRR SC s BRAR G 75 7K i T MDA 55 i A9 TR 38R S LA
S-SR S TS EA S S i T R R B A G
b, o AhFE AR 00 T A4 Z B8R 1 52 IR AR O 150 BH 4% AE

il R 7 1 AY i F4 Z2 EX Heat resistance coefficient of proline content; Hepe : PIHE SR BT & 1Y

TR E BAFRIEES, Wik, HHEA X s
A= B AR AT A 2R BP0 R () 21 3 i o %) Tid 44 R
HA— M JmRR .,

2.2.3 ERHHH EIR(39 C) A48 h )5 10
ZT 3 SRR R AR B AR A I R B S B A o BT S R
W26, M6 nT UL, AT 3 A~ F Mo 1Y Bt simk R ik
91.50% , feft3& 10 N HATUAE B bR 1) R EAF B, R
P 3 A F R AR i ES S 1 52 A5 3
JR A AR ST RE 3R« €I, = 0. 32X, +0. 25X, -
0.35X,+0. 25X, +0. 15X, +0. 37X, +0. 35X, +0. 33X, +
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0.37X,+ 0.35X,,; CL,=—0.04X,+ 0.46X,+ 0. 10X, +
0.52X,-0. 67X, +0. 07X, 0. 12X, -0. 22X, -0. 03X, —
0.06X,,;CL, = 0. 53X, + 0. 42X, 0. 06X, + 0. 26X, +
0.48X,- 0. 18 X,—0.29X,-0. 01X, +0. 33X, 0. 10X,,,
TESE 1 E R, SOD IE PRI AT i MR 1 BT = Y 5T
BRI TES 2 R, 4 3 5 B 1Y DT R AR
KRS 3 R, AN L 3R DT R R K
I, AT DRSS 1 S e SCOR il 135 1 N9 35 1 ) o
T A 2 FERUTE O AR S E, S 3 E
TE SO E

2.2.4  wFRGELZEAIRN T UL AR BRAR AR Y i R
FREFE T s R R S8 sR A X 10 A4~
AN BT PR EAT SR AR SR LR T, SR
TN ERATENE (D) 545 SRR T $A P 52 0E AR G, AT
XFAS i AP A HEA TR AN IR D (AR 2
INHEATHEIT 10 AN20% R 4 h ok 2 SR vcCHE T
BRI B RIEFE | BUEGIE | TR
AN = R & (¥ N i D A RN 1 b0 A SN & B
£

F6 HIRAIE48 h 510 MIERFITF EBIERTRRBNER S HTERY

Table 6 Result of principal component analysis of heat resistance coefficient of physiological indexes of leaf of ten cultivars of Anthurium

andraeanum Lind. after high temperature treatment for 48 h")

E%) HAEPR R B EFIE i Eigenvector of heat resistance coefficient of different indexes UK/ %
Principal Contribution
component Hpgge Hywe Hypa Hey He, Hsop Hpop Hear Hp,, Hgpe rate

%5 1 The st -0.32 0.25 -0.35 0.25 0.15 0.37 0.35 0.33 0.35 0.37 69. 88
%5 2 The 2nd -0.04 0.46 0.10 0.52 -0.67 0.07 -0.12 -0.22 -0.03 -0.06 13.73
%5 3 The 3rd 0.53 0.42 -0.06 0.26 0.48 -0.18 -0.29 -0.01 0.33 -0.10 7.89

D Hype : ML SR AT PR EL Heat resistance coefficient of relative electric conductivity ; Hyye : FIXF 557K AT #4280 Heat resistance coefficient
of relative water content; Hyy), : N & B AT B R B0 Heat resistance coefficient of MDA content; Hey, ¢ -4 22 5 1 IR TR P 22 %0 Heat resistance
coefficient of chlorophyll content; H,. : KEAB N E S EINTH R Heat resistance coefficient of carotenoid content; Hgqp,: SOD PR R TR R BN
Heat resistance coefficient of SOD activity; Hpop : POD 16 P AY T #4 R %L Heat resistance coefficient of POD activity; Heyp: CAT 6 P45 AT 4 R 5k
Heat resistance coefficient of CAT activity; Hp,, : JHZR & 5 MM 4 F 2L Heat resistance coefficient of proline content; Hgpe : FIVAPEEE BT & 1)

M4 %X Heat resistance coefficient of soluble protein content.

£7 10 MIESHOESIERE(CL) RERE(U,) JE(W,) SETFNE (D) RAHAMEHES

Table 7 Comprehensive index value (CI;), subordinate function value (U;), weight (W;), comprehensive evaluation value (D) and order of

heat resistance of ten cultivars of Anthurium andraeanum Lind.

(=] e
Eiﬁvar ¢y e R U U, Us D (ﬁf(fr Iﬂiﬁlid£ Esislance
5% Royal champion 1.598 0.301 1.292 0. 865 0.467 0.356 0.761 2 iR Strong
FHIE 7% White champion 0.860 0.225 1.470 0.000 0.709 0.872 0.182 10 5 Weak
HE % Pink champion 0.988 0.300 1.455 0.150 0.469 0.828 0.257 8 55 Weak
% Sweet champion 0.910 0.233 1.451 0.058 0.683 0.815 0.217 9 55 Weak
Lh#RHE Madural 1.399 0.280 1.514 0.632 0.534 1.000 0. 649 5 F145 Moderate
L% Turenza 1.077 0.283 1.428 0.255 0.522 0.751 0.337 7 55 Weak

B FH Sierra 1.039 0.156 1.398 0.210 0.931 0.663 0.357 6 55 Weak
P38 Arebo 1.474 0.250 1.302 0.720 0.629 0.383 0.677 4 R 4E Moderate
FAIECHE Avento 1.516 0.134 1.244 0.769 0.999 0.215 0.756 3 i Strong

Bl $7 % 2 Alabama 1.713 0.447 1.170 1.000  -0.001 0.000 0.764 1 % Strong

14 0.764 0.150 0.086

J
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AR I3 X 0 L U 10 005 2 7 T A P 5 4
SR o PR 5 25 1A (R 8 6T A PRI, AR
W ELZR RO FRL 5 2 A T D S A i E

SRS, AMFTEAR R ARG A R A F T 10 4
ZLAE S AR X R R A AR R Logistic J7 7%
AT 10 AL LR YRR ~F BOLIR EE (LT, ) , R
LT fEFITH Y 10 A 205 bl T FE 1 phy 9 51 55 4K Uk
HeRe o Bl pr e 5>, ¢ ok ¢ AR, BE
CRHERE, CBTELAE L BTER I R E L FE
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10 J5U A= B AR A i HR B AT 3 A3 43 BT, 45 B i 4R
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