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Study on the determination method of cold tolerance in
Anthurium andraeanum cultivars in blooming
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Abstract: [Objective] This study tested the determination method for cold tolerance of Anthurium an-
draeanum cultivars in bloom to provide basis for classification manage of A. andraeanum cultivars with
different cold tolerance capacities. [Method] Twenty cultivars of A. andraeanum were planted in a green-
house during winter in shanghai. Under natural low temperature, the chilling injury symptoms of petiole,
leaf,flower stalk and bract were investigated to calculate organ chilling injury indexes. According to princi-
pal component analysis and cluster analysis,cold tolerance of these cultivars was studied. Based on the re-
sults of cluster analysis,one,two or three varieties were selected in different cold tolerance groups to con-

duct low temperature experiment again. Chlorophyll fluorescence parameter F.,/F,, ,relative electric conduc-
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tivity, contents of malondialdehyde, soluble protein and soluble sugar,and activities of peroxidase and su-
peroxide dismutase of leaves were measured before and after low temperature treatment. Correlation be-
tween changes of these indexes and cold tolerance capacity was then obtained. [Result] According to prin-
cipal component analysis of organ chilling injury indexes of experimental varieties of A. andraeanum,the
cold tolerance comprehensive scores of 20 cultivars were obtained. Based on cluster analysis of the scores,
these cultivars were divided to three groups. Strong capacity group in cold tolerance contained ‘ Alabama’,
‘Almera’, ¢ Alabama Pink’, ‘Black Queen’, ‘Baby Red’, ‘ Madural’, ‘Pandola’, ‘Pr. Al Violet’, ‘Red
Harvest”, ‘Red Success’, ‘Red Winner”, ‘Sierra White”, * Thunderbird Luxry’ and ‘Turenza’. Medium
capacity group contained ‘Bugatti Royal’, ‘Furore’, ‘Pr. Al Red” and ‘Pr. Al Snow’. Poor capacity group
contained ‘Pink Champion’ and ‘Pink Love’. The cold tolerance capacities of 6 cultivars of ¢ Alabama’,
‘Pandola’, ‘Turenza’, ‘Bugatti Royal’, ‘Furore’ and ‘Pink Champion’ were confirmed again. Correlation
analysis demonstrated that cold tolerance capacity was correlated significantly and positively with the chan-
ges of F,/F,, ,and very significantly and negatively with relative electric conductivity. [Conclusion) The ob-
servation of organ chilling injury indexes under natural low temperature can be used as efficient determina-
tion method for cold tolerance of A. andraeanum cultivars in bloom. Chlorophyll fluorescence parameter
F./F, and relative electric conductivity can be used as relatively reliable physiological indicators to analyze
cold tolerance capacity of A. andraeanum.
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Fig.1 Changes of daily maximum and minimum temperature during the low temperature
treatment of 20 Anthurium andraeanum cultivars
. -+ H & & ik Daily maximum temperature; - H 1§ & Daily minimum temperature
20 F
(]
5 C
S st
[
(=1
E 10 |
O
®od L
= y:
ol
—5 1 1 L 1 1 1 1 1 1 L 1 L L )
NI R RO R RN R R R
O N N N N B OF OF N N N N N N N
l l <l <l <l <l <l l l <l ol ol S Gl Cl
N N N N N N N N S S S S S S N
P P Y ® ® D o N 3 »
H # Date
&2 6 AL 5 S AR AL YT (8] H 5 S iR 5 H R 6 A8 b 4% Bl
Fig. 2 Changes of daily maximum and minimum temperature during the low temperature
treatment of 6 Anthurium andraeanum cultivars
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E— H. Chilling injury symptoms of leaf: E. Etiolated partly, F. Browned partly, G. Withered partly, H. Withered completely;1— L. Chilling

injury symptoms of petiole and flower stalk: I. Browned partly, J. Browned completely, K. Withered partly, L. Withered completely
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Fig. 3 Chilling injury symptoms of Anthurium andraeanum organs after the treatment of low temperature
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Table 1 Organs chilling injury indexes of twenty Anthurium andraeanum cultivars

b 4 Ly AEHN &

Cultivar Petiole Leaf Flower stalk Bract
B[4 B4 E Alabama 0.04240.012 0.25040.013 0.35840.021 0.55640.036
L ERL Almera 0.19540. 023 0.23040.018 0.166=40. 037 0.239740.036
BB HE 5 Alabama Pink 0.0280.006 0.116=40.015 0.42440.055 0.59040. 047
&5 Black Queen 0.05340.014 0.2284+0.019 0.45840.027 0.56740.025
215 11 Baby Red 0.207240.026 0.29940.030 0.21940.032 0.2740.042
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Cultivar Petiole Leaf Flower stalk Bract
B A6 Nl Bugatti Royal 0.575+0. 034 0.287=+0. 054 0.9424+0. 028 0.863=+0.071
%3 Furore 0.569740.036 0.476+0. 045 0.465+0. 087 0.78840. 047
O Hi Madural 0.090+0.014 0.154%+0.016 0.549740. 050 0.544+0. 040
% Z i Pandola 0.094+0.019 0.215+0. 039 0.506+0.019 0.404+0.021
¥ %5 Pink Champion 1.000£0. 000 1. 000£0. 000 1. 000+0. 000 1. 000£0. 000
% Pink Love 0.98640.008 0.98340.013 1.000£0. 000 1. 000=£0. 000
21 f] L 5E 47 Pr. Al Red 0.032-+0.008 0.081+0.013 0.913-+0.029 0.876+0.051
M B 3E PG 7. Pr. Al Snow 0.286=+0. 042 0.317%+0. 036 1. 000+0. 000 1. 000+0. 000
2% Pr. Al Violet 0.0470.008 0.10140.017 0.426+0.025 0.456=+0. 025
#1 F 1 Red Harvest 0.17540. 029 0.33740.037 0.466+0.033 0.44340. 046
213 Red Success 0.065+0.011 0.1680.028 0.41740. 049 0.5140. 042
215 % Red Winner 0.077=+0. 026 0.208=+0.019 0.548+0.019 0.370=£0. 030
[ 2EH7 Sierra White 0.2190.019 0.186=+0. 025 0.1212£0.033 0.22040. 052
45 59 Thunderbird Luxry 0.11340.022 0.2274+0.021 0.47540. 084 0.454=+0.089
H{E % Turenza 0.025%+0. 007 0.135%+0. 020 0.486=+0. 031 0.585%+0. 023
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Table 2 Characteristic value and contribution rate of principal component analysis of cold tolerance

of Anthurium andraeanum cultivars

F FEAEAH UK/ % B TR Y
Principal component Characteristic value Contribution rate Cumulative contribution rate/
1 3. 087 77.170 77.170
2 0. 769 19. 234 96. 404
x3 AEMBEMEERI SIS ETFHETER
Table 3 Component matrix of cold tolerance of Anthurium andraeanum cultivars
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Petiole chilling

Principal component . .
p p injury index

Leaf chilling
injury index

Bract chilling
injury index

Flower stalk chilling
injury index

1 0.900
2 —0.399

0. 866
—0.472

0. 861
0.468

0. 887
0.410
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Table 4 Capacity and comprehensive scoring coefficients of indicators for cold tolerance of Anthurium andraeanum cultivars

fifif i Capacit 2z /BN Z2 R
firbr Indicator 1 ROE Coiy 2 Comprehei/fi3e1jciii§()efficients
AR 8 FEF8 0 Petiole chilling injury index 0.512 —0. 455 0.308
¥ FEFE B Leaf chilling injury index 0.493 —0.538 0.277
TR FEFE L Flower stalk chilling injury index 0. 490 0.534 0. 481
B ¥ EHE R Bract chilling injury index 0.505 0.468 0. 480
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Table 5 Comprehensive scores of cold tolerance of 20 Anthurium andraeanum cultivars

¥ FHIRBUREE g s AH N
fo¥ Proofreading value of chilling injury index Cojp?ein%ive HER
Cultivar I 47 i B e Fei¥an scores ) Order
Petiole Leaf Flower stalk Bract
Brf i % o Alabama 0.670 0.197 0.683 0.123 0. 648 8
W EFL Almera 0.162 0.275 1. 377 1.377 1. 450 2
FyBTHLEL I Alabama Pink 0.716 0.725 0. 444 —0.012 0. 629 9
M 8 J5 Black Queen 0. 633 0.283 0.322 0.079 0. 466 12
#7152 Dl Baby Red 0.122 0. 004 1.185 1. 255 1.211 3
2R AR E Bugatti Royal —1.098 0.051 —1.428 —1.093 —1.536 17
23l Furore —1.078 —0.694 0. 296 —0.796 —0.764 16
I #EshE Madural 0.510 0.575 —0.007 0.170 0. 395 14
i 2 i Pandola 0.497 0. 335 0.148 0.724 0.665 7
¥3 5 %= Pink Champion —2.508 —2.759 —1.638 —1.635 —3.109 20
¥y % Pink Love —2.461 —2.692 —1.638 —1.635 —3.076 19
21 fif B i Pr. Al Red 0.703 0.863 —1.323 —1.144 —0.730 15
HZE B3 P4 Pr. Al Snow —0. 140 —0. 067 —1.638 —1.635 —1.634 18
25> Pr. Al Violet 0.653 0. 784 0.437 0.518 0. 877 4
21 F I Red Harvest 0.229 —0. 146 0.293 0.570 0. 444 13
21183 Red Success 0.593 0.520 0.470 0.289 0.691 5
21 /%% Red Winner 0.554 0. 362 —0.004 0. 859 0. 681 6
9 ZEF Sierra White 0.083 0. 449 1. 540 1.452 1.588 1
#95 5 Thunderbird Luxry 0.434 0. 287 0. 260 0.526 0.591 10
FifE §% Turenza 0.726 0. 650 0.220 0.008 0.513 11
41 . % Red Winner —
2T i I Red Success—
Fi 437 B Zy Alabama —
W% % $r Pandola —
H BT 4 B D5 Alabama Pink —|
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I # Hr Madural —
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Fig. 4 Cluster results of 20 Anthurium andraeanum cultivars based on cold tolerance
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Table 6  Organ chilling injury indexes of 6 Anthurium andraeanum cultivars

i il 4% Ly 1A &

Cultivar Petiole Leaf Flower stalk Bract
B iz (% o Alabama 0.05840.010 0.12940.015 0.2344+0.021 0.26340.022
B %Al Bugatti Royal 0.48340. 004 0.79840.017 0.4474+0.011 0.15740.012
2% 3h Furore 0.44540.008 0.74240.022 0.451£0.009 0.55740.034
% Z 4 Pandola 0.101+0. 004 0.064+0.009 0.247+0.010 0.095%+0.015
¥3 5i ZE Pink Champion 0.74040.039 0.964=40.006 0.78340.042 0. 85640. 025
FifE §% Turenza 0.07140.005 0.05340.008 0.250%0.014 0.14240. 025
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Table 7 Comprehensive scores of cold tolerance of 6 Anthurium andraeanum cultivars

W R RS y
K Fib Proofreading value of chilling injury index . ﬁé@fﬁ_ HERE
Cultivar o A5 D Tt TR L'Omf;i‘;:“vc Order
Petiole Leaf Flower stalk Bract ‘ ’
P Fi7 2 & Alabama 0.917 0.785 0.792 0.273 1.012 3
2 XA hnid Bugatti Royal —0.591 —0. 810 —0.212 0.625 —0.208 4
2238} Furore —0.457 —0.676 —0.231 —0. 705 —0.778 5
1 Z i Pandola 0.764 0. 940 0.731 0.832 1. 246 1
#3 5 %= Pink Champion —1.503 —1.205 —1.796 —1.700 —2.477 6
R {8 % Turenza 0.871 0. 966 0.717 0.675 1. 205 2
#% £ $I Pandola
548 B¥ Turenza 3—
Fif $7 B By Alabama
%2 3)) Furore ‘
B XA N Bugatti Royal :|
¥ 7t ZE Pink Champion | ‘ ' | !
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Fig.5 Cluster results of 6 Anthurium andraeanum cultivars based on cold tolerance
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Table 8 Changing rate of biochemical indicators of Anthurium andraeanum cultivars before and
after low temperature treatment
i i MRS XS R [y A CIRGR R WEAYRE ALY B AL
Cultivar Fou/Fm REC MDA SP SS POD SOD
fif $ B2 5 Alabama —0.421 0. 045 —0.011 —0. 216 —0.277 —0. 375 —0.192
B R A Bugatti Royal —0.692 0.933 0.402 0.548 0.523 —0.750 1.992
% 2| Furore —0.818 0.427 —0.317 —0.037 —0. 460 —0. 333 0. 404
% £ hi Pandola —0. 480 0.104 —0.006 —0. 280 —0.216 —0.667 —0. 252
¥y 7€ %4 Pink Champion —0. 800 1. 498 0.427 —0.173 1.179 0.429 0. 847

P12 5% Turenza —0.357 0.034 —0.166 —0.315 0.037 0.308 0.913
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Table 9 Correlation analysis between cold tolerance indexes and cold tolerance capacity of Anthurium andraeanum cultivars

PSS LN MERRTOESH MXR SR W AEEEA aE R SRR A
Related index F,/Fy REC MDA SP Ss POD SOD
et 0.886" —0.919**  —0.502 —0. 255 —0.701 —0.410 —0.364

Comprehensive scores

T x % KR P<<0.01 BB KF5 x o8 P<<0. 05 IR FH K,

Note: * * means significant difference at P<C0. 01, * means significant difference at P<C0. 05.
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