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ANREEFZEFIR . A F D52 E R 22 IR 2 A Bk i R 52 50 3.00% ~ 85.05% , Horb il < il v
e BRI 52 R AR A S A R e AR RIS A AR BT 2R TR R AR T BT i R R A T SR A
SAIEBUT AN 65.72% ~92.86% 27.45% ~87.84% 29.25% ~76.54% 38.10% ~77.93% 51.42% ~88.23% .
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Abstract; Changes of morphology and seven growth indexes including plant height, root length, fresh
weight of stem and leaf, fresh weight of root, dry weight of stem and leaf, dry weight of root and relative
electric conductivity of leaf of seedlings of 17 cultivars of Dendranthema morifolium (Ramat.) Tzvel. after
200 pmol - L' Cd stressed for 20 d were researched by nutrient solution culture method, and differences
in stress indexes of each index were compared accordingly. Based on eight Cd resistance indexes
including individual leaf damage rate and stress indexes of seven growth indexes, Cd resistance of these
cultivars were comprehensively evaluated by methods of principal component analysis, subordinate
function value analysis, comprehensive score analysis and WPGMA cluster analysis. The results show that
under Cd stress condition, seedlings of each cultivar all appear suffer symptoms such as growing slowly,
drawl plant, yellow and wilting leaf, poor growth root, etc. Differences in damage degree of different
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cultivars are great. Individual leaf damage rate of different cultivars is 3.00% —85.05% , in which, that
of cultivar ‘ Zhongshanhuangying’ is the lowest. Stress indexes of plant height, root length, fresh weight
of stem and leaf, fresh weight of root, dry weight of stem and leaf, dry weight of root and relative electric
conductivity of leaf of different cultivars are 65.72% -92. 86% , 27. 45% —87. 84% , 29. 25% -
76.54% , 38. 10% -77.93% , 51.42% —88.23% , 40. 48% -79.95% and 140. 98% —268. 79% ,
respectively, in which, damage degrees of cultivar ¢ Zhongshanjinkui’ and Zhongshanhuangying’ both
are mild. The result of principal component analysis shows that contribution rate of the first principal
component is 81.089% , in which, load of eight Cd resistance indexes is higher, indicating that these
indexes can basically reflect the Cd resistance of D. morifolium. Differences in comprehensive score and
subordinate function value of eight Cd resistance indexes of each cultivar are great, in which, those of
cultivar ¢ Zhongshanjinkui’ and ‘Zhongshanhuangying’ are higher, their Cd resistance ranks the first
and the second place, respectively. 17 cultivars of D. morifolium are divided into four groups by
WPGMA cluster analysis, in which, cultivar ‘ Zhongshanjinkui’ is clustered to [ group alone, cultivar
¢ Zhongshanjinshan *, * Zhongshanhongfeng >, ‘ Zhongshanyinggui ’, * Zhongshanzilian >~ and
‘ Zhongshandangui’ are clustered to Il group, cultivar ‘ Zhongshanhuangying’ , ‘ Zhongshanzigui’ and
‘Zhongshanjinyu’ are clustered to Il group, other eight cultivars are clustered to IV group, which
belong to high Cd resistance type, Cd sensitive type, Cd resistance type and low Cd resistance type,
respectively. By comprehensive suggested that Cd
¢ Zhongshanjinkui’ , ¢ Zhongshanhuangying’ , ‘ Zhongshanzigui’ and *Zhongshanjinyu’ is stronger,
these cultivars can be used for phytoremediation of polluted soil with Cd.

analysis, it s resistance of cultivar

Key words: Dendranthema morifolium ( Ramat.) Tzvel.; Cd resistance; Cd resistance index; principal

component analysis; subordinate function value analysis; cluster analysis
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CK: X} #84H The control group; T: AbFEZH The treatment group (200 pmol + L™' Cd).

1. ‘4428 ¢ Zhongshanjinkui’ ; 2. ‘#FILFEIL’ ‘ Zhongshanhuangying’ 5 3. ‘HPILIEEAE" “ Zhongshanzigui” ; 4 ‘#1114 %>  Zhongshanjinyu’ ;
5. 44 HE" ¢ Zhongshanjingui’ ; 6 ‘#lILIZAEE’ ¢ Zhongshanyungui’ ; 7. ‘#hILFEAE" ‘ Zhongshanxiagui” ; 8 ‘Il 24" * Zhongshanxinggui’ ;
. “Hhil B ¢ Zhongshanaihuang ’ ; 10; * e ¢ Zhongshanjiuhong ’ ; 11 * L= TS Zhongshanzaobai > ; 12, * ol A
¢ Zhongshanguiguan’ ; 13; “4li111%83%° ¢ Zhongshanzilian’ ; 14 ‘#F1l14:111" ¢ Zhongshanjinshan’ ; 15 ‘#RILZIAN ¢ Zhongshanhongfeng’ ; 16 “ #fi1l]
P4 ¢ Zhongshanyinggui’ ; 17 #P I3 ¢ Zhongshandangui’ .

E1 200 pmol - L' Cd i#B 20 d /5 17 M HESM L EHTETH
Fig. 1 Change in morphology of seedlings of 17 cultivars of Dendranthema morifolium (Ramat.) Tzvel. after
200 pmol - L' Cd stressed for 20 d
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R1 200 pmol - L™ Cd BB 20 d J5 17 M HF LR E LR F ZERMLLE

Table 1 Comparison on individual leaf damage rate of seedlings of 17 cultivars of Dendranthema morifolium ( Ramat.) Tzvel. after
200 pmol - L™! Cd stressed for 20 d
Al HRRIT R R E AR %Y At il RS2 E A %
Cultivar Individual leaf damage rate' Cultivar Individual leaf damage rate')

1l 4:3% Zhongshanjinkui 8.00+1.08n
1l #E Y Zhongshanhuangying 3.00+1.380
111454 Zhongshanzigui 8.00=1.40n
#1114 E Zhongshanjinyu 9.51+1.21m
il 44 Zhongshanjingui 24.68+1.70j
il =4 Zhongshanyungui 45.08+1.82f

#lEEHE Zhongshanxiagui 14.99=+1.331
fhily B R Zhongshanxinggui 30.27+1.86i
Ahl) % Zhongshanaihuang 18.44+1.51k

BTN LL Zhongshanjiuhong 33.00+1.55h
1l Zhongshanzaobai 67.01x1.71c¢
B 1LAETE Zhongshanguiguan 35.03+1.58¢
111483 Zhongshanzilian 45.05+1.52f
ili4:1l1 Zhongshanjinshan 65.30+1.91d
B ILZIAN Zhongshanhongfeng 55.00+1.33e
LR Zhongshanyinggui 80.11+1.35b
bl PR Zhongshandangui 85.04+1.63a

D [G) 5 v AR [ (/N R R 22 5 B3 (P<0. 05 ) Different small letters in the same column indicate the significant difference (P<0.05).
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A AP T RIS PR RE R RO R 2, S5
7R FE 200 pmol + L7 Cd BB 44T, 17 4546 5
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RFE(E fe i, M 6. 487, TTRRR IR 81. 089% ,FEA I Jo it Jolpalt F5 50 2 for B o, o0 0. 945, R 4R Anf ik
AT DL R 8 AN HE AR A A R R S I, AT RO AR S a0 48 4500, 929) LRI A 45 E R
55 1 ERUMER 17 DAL BRI M EE S (-0.902) ks 3B 45 45 (0. 898 ) | ZX T 5T & i 8
MR H4(0.892) MASHHEFTEE(0.891) (I AH XS L &
X1 BT T R (R 3) £W. 2 AT -0.885) AR 5 & P38 $5 %0 (0.859) .

#£2 200 pmol - L™ Cd il 20 d J5 17 N H R4 8 & £ KIEIRAIMEIEE ( X£SD, n=3)
Table 2 Stress index of different growth indexes of seedlings of 17 cultivars of Dendranthema morifolium (Ramat.) Tzvel. after 200 pmol - L!
Cd stressed for 20 d (X+SD, n=3)

B RIGARIIIA 5L/ %> Stress index of different growth indexes?’

e

No. of b WK 25 B i ik AR B 5k RN R R B AR HL

ultivar! " Fresh weight of Fresh weight of Dry weight of Dry weight of Relative electric
cultiva Plant height Root length . .
stem and leaf root stem and leaf root conductivity of leaf

1 92.80+1.15a 87.84+1.68a 75.92+1.18a 77.93+1.33a 86.51+0.47ab 79.95+0.32a 140.98+3.91h

2 92.86+0.38a 70.51+2.02b 76.54+0.68a 72.60+1.54b 88.23+0.83a 77.33+0.25ab  187.255.64g

3 84.23+0.30¢ 61.02x1.62¢ 68.36+1.07b 71.43x1.09bc 83.96x1.62bc 75.10+0.66bc  180.44%5.27¢

4 89.17+0.74b 52.42+0.33ef  70.13+2.10b 65.13+2.48efgh  85.35+1.19bc 71.01+1.53de  189.60+2.24¢g

5 84.43+0.82¢ 50.25+1.72fg  67.65+1.78b 63.87+3.03fghi  83.56+1.97¢ 75.63+0.69bc  222.76+2.26de

6 81.91+0.92de  52.88%1.47de  67.62x1.60b 68.79+2.44cd 84.03+1.34bc 77.71x1.45ab  223.83%5.50de

7 82.03+0.56de  55.11x1.29d 69.37+1.26b 66.00+1.30defg  83.90+1.40bc 57.06x1.38f 219.78+9.02e

8 83.68+0.51cd  49.72+1.8lg 67.74+0.54b 67.51+0.81de 83.51+0.22¢ 74.74+0.90bc  246.42+13.85d

9 82.86+0.93cd  46.28+2.30h 56.32x1.24e 62.66+1.29ghi 72.65+1.33f 73.53+1.60cd  203.60+8.38f

10 79.90+2. 541 52.95+1.34de  61.00+0.54d 65.02+0.22efgh  76.37+0. 88de 68.38x1.79%¢ 234.58+5.82d
11 74.71+0. 64¢ 51.00+0.95efg  63.80x1. 14c 66.67+2. 44def 77.96+2.12d 71.58+5.35de  213.32x8.63ef
12 74.25+1.23¢g 45.31x0. 10h 59.71+2.32d 61.44+1.57hi 76.46+2.07de 69.28+1.77e 234.55+8.76de
13 80.64+1.05ef  45.56+1.23h 55.39+1.26e 60.82+2.39i1 72.77+1.28f 53.25+2.70g 248.92+7.04bc
14 74.97+0.49¢ 34.94+0.49i 51.77+2.83f 44.13+1.08k 73.91x1.39¢f 44.87+1.74h 260.54+4.08ab
15 80.25+0.70ef  28.90x1.24j 47.26+1.01g 38.51+3.451 67.42+0.85¢g 40.48+0.73i 252.16%4. 14be
16 67.51+1.26h 44.43+1. 16h 29.25+1.01i 50.73+2.41j 51.42+0.38i 53.88+0.80g 254.87+4.25bc

17 65.72x0. 101 27.45+0.27j 36.23+1.41h 38.10=+0. 401 63.58+3.51h 44.87+1.35h 268.79+5.58a

R T Zhongshanjinkui ’ ; 2. ° ol gL ¢ Zhongshanhuangying” ; 3. ° Aol e ¢ Zhongshanzigui * ; 4. ° ol 4 £
¢ Zhongshanjinyu’ ; 5 “ B IL4H:" ¢ Zhongshanjingui” 5 6 4l “ Zhongshanyungui’ 5 7. “ BHILEERE" ¢ Zhongshanxiagui” 5 8 41l A4’
¢ Zhongshanxinggui’ ; 9 #1LI&HE’ ‘ Zhongshanaihuang’ 5 10,  #h1LTHLL ¢ Zhungshanjiuhong s 11 ‘B EH° ¢ Zhongshanzaobai” ; 12 4
m&ﬂ'& Tt Zhongshanguiguan P13, CEp il B E ¢ Zh()ngshanzilian Yoo 14 bl 4 Zhongshanjinshan * ; 15, * Al £ R
¢ Zhongshanhongfeng’ ; CEPILEEE ¢ Zhongshanyinggui” ; Copil e ¢ Zhongshdnddngul .
2 [@) 3] PR NG ?ﬁ?‘%ﬂ‘?ﬁ#ﬁ%‘(P<0 05) Different small lellerb in the same column indicate the significant difference (P<0.05).

%3 200 pmol - L' Cd BEALIE 20 d 5 17 M FE ST ETIRIBRHOER S LR

Table 3 Result of principal component analysis on Cd resistance index of seedlings of 17 cultivars of Dendranthema morifolium ( Ramat.) Tzvel.
after 200 pmol - L™! Cd stressed for 20 d

gy p——— B i N A
BN s vk PR/ i 3 B
rincipa . S Cumulative . W e .

Eigenvalue  Contribution rate R Index" Load Coefficient Weight

component contribution rate

1 6.487 81.089 81.089 FWSL 0.945 0.371 0.131
2 0.614 7.675 88.764 FWR 0.929 0.365 0.129
3 0.437 5.460 94.224 ILDR -0.902 -0.354 0.125
4 0.199 2.492 96.716 PH 0.898 0.352 0.124
5 0.132 1.650 98.366 DWSL 0.892 0.350 0.124
6 0.095 1.188 99.554 RL 0.891 0.350 0.124
7 0.030 0.379 99.933 RECL -0.885 -0.347 0.123
8 0.005 0.067 100. 000 DWR 0.859 0.337 0.120

) FWSL. ZEM-fief 5 1 B 3541 Stress index of fresh weight of stem and leaf; FWR . HRF 5 A F5 %X Stress index of fresh weight of root; ILDR; B
H?M’H“x%$ Individual leaf ddmdge rate; PH: ¥REIAFEEL Stress mdcx of pldnt height; DWSL; 2t R A TE S Stress index of dry weight
of stem and leaf; RL. HRACHAFE%L QtrPii index of root length; RECL. I X HL 5 R 30 F5 8 Stress index of relative electric conductivity of
leaf; DWR: *EJF)F gﬂ}} BHE%L Stress index of dry weight of root.



56 LENE7/ I AR RS N N

%24 &

X 8 AN RS A B AT E B, BT E AT AT LA []
77 18 52 e A4 A8 e o ) T A

ARG AT A AR 1 32 By AR AE(EL T3 45 18 A 1
1 BRI LNELAL A R R B, I XX 28 R AT N
R BPEC) IH — 1, e 275 3 45 1 5 48 AR A A (6
(#3) SR W AR 1 T aor i, 25 6 i
TEFEEO) R BORBCE S 2 X e R, T T i iE 45
K 2 BB (B 248 XHE e/ (HLEA LR 45T
TR A 2R RO FR A 4 XA 28 S 85N
2.5 CdimB& G THEMTIEIRARE & EBEN
HER

ARG F R 43 4 3L, % 17 A>3 46 & R i) S bk
0 A DL B bk i AR | ZE i o AR B A
2R RSO A A R T A A R
PREIA HE RO TSR PR B E N 2R S A T 25

P W2 4 5% 546K 17 D EARERTE PR 0255
1307 B FLmt ek ) HE P A5 R LR 5

264 L. 4200 wmol - L7'Cd A 403 20 d
Jei , R Bl A 2R R BB 8 AN AR TS bR A SR
Ja& SRBE Y 5 v, Tt < e L R R B L PRAE
KRR SR B s BUE B

M5 Al 0L a0 17 3516 0 Fl 8 STt 4E 4%
FRINERE G5 22 5 IR . Horh  SR5-15 43 e e 1Y o el
JE A4 3E IAF 0,984 Hk b Al
HEEB1851 0 0. 894 5515 4 B I AY il Ff i < Ll
PHEE™ AR 0. 073 5 10 St A< B4R A 25 545 2t
AR, N 0. 146, ARIEZR A A5 731050 5y Tk 47 2 Ak i %) R
A, Al B L PR R P LA TR R RE ) LS
TR < Bl 4 2% RN < Bl 0 AT B BB D A0

4 200 pmol - L1Cd BE4AIE 20 d /5 17 N EE R E 8 A THRIERHRE BHE

Table 4 Subordinate function value of eight Cd resistance indexes of seedlings of 17 cultivars of Dendranthema morifolium ( Ramat.) Tzvel. after

200 pmol - L' Cd stressed for 20 d

i AR ERTE bR B BKEUE"Y  Subordinative function value of different Cd resistance indexes'

Cultivar ILDR PH RL FWSL FWR DWSL DWR RECL
#1114 %% Zhongshanjinkui 0.939 0.998 1.000 0.987 1.000 0.953 1.000 1.000
1133 Zhongshanhuangying 1.000 1.000 0.713 1.000 0.866 1.000 0.934 0.638
Bl 284 Zhongshanzigui 0.939 0.682 0.556 0.827 0.837 0.884 0.877 0.691
#h1l4: E Zhongshanjinyu 0.921 0. 864 0.413 0. 864 0.679 0.922 0.773 0. 620
f1l1 424 Zhongshanjingui 0.732 0.689 0.377 0.812 0.647 0.873 0.891 0.360
#li =4 Zhongshanyungui 0.488 0.596 0.421 0.811 0.771 0. 886 0.943 0.352
il & Zhongshanxiagui 0.854 0.601 0.458 0.848 0.700 0.882 0.420 0.383
il B A Zhongshanxinggui 0.671 0. 662 0.369 0.814 0.738 0.872 0. 868 0.175
#115&E Zhongshanaihuang 0.811 0.631 0.312 0.572 0.617 0.577 0.837 0.510
TN LL Zhongshanjiuhong 0.634 0.523 0.422 0.671 0.676 0.678 0.707 0.268
Bl Zhongshanzaobai 0.220 0.331 0.390 0.731 0.717 0.721 0.788 0.434
#l#ETE Zhongshanguiguan 0.451 0.314 0.296 0. 644 0.586 0.681 0.730 0.268
111483 Zhongshanzilian 0.488 0.550 0.300 0.553 0.571 0.580 0.324 0.155
#1141l Zhongshanjinshan 0.244 0.341 0.124 0.476 0.151 0.611 0.111 0.065
BILZIH Zhongshanhongfeng 0.366 0.535 0.024 0.381 0.010 0.435 0. 000 0.130
L Zhongshanyinggui 0.061 0.066 0.281 0.000 0.317 0.000 0.339 0.109
Bl Zhongshandangui 0.000 0.000 0.000 0.148 0. 000 0.330 0.111 0. 000

D ILDR . FAFRM 323 # Individual leaf damage rate; PH . R B F5 %K Stress index of plant height; RL: MR A 55 Stress index of root length ;
FWSL; Z5 i i i p3l $8 %1 Stress index of fresh weight of stem and leaf; FWR HR A 5 R A 354 Stress index of fresh weight of root; DWSL; 2%
M- o 5 i 45 %50 Stress index of dry weight of stem and leaf; DWR M R MHAFE 5L Stress index of dry weight of root; RECL: I A o) e S

B FEEL Stress index of relative electric conductivity of leaf.

2.6 MXWERMTIEERIRES

LSRRI P 52 35 R LA R bR i MR S5 I o o |
ARG BTt | 2K BRSO R R X
7 A HERAR PR B E 5 BON I, SR T 370 B 3 %
PR 17 DAL AT RIS SR 2 i 5]

2 af WL AR RS 5 A4b 17 ANBAE S AR B ol 4 4
Ho 55 T A00E Bl 435 1 A A, 8 T il e
RS T AL Bl &l Bl zn il | il A2
R BhILERE A BRI PREE S AN JE T Rk
AU M ZH A4S < Bl o Bl S8R R0 bl 4
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&5 200 pmol - L™'Cd B8 20 d /5 17 N ERFLE 8 M THRIERNEEES REMRIEHF
Table 5 Comprehensive score of eight Cd resistance indexes and Cd resistance order of seedlings of 17 cultivars of Dendranthema morifolium
(Ramat.) Tzvel. after 200 pmol - L™! Cd stressed for 20 d

HFh KSR PR35 Score of different Cd resistance indexes! Y V1WA Hepp
Cultivar ILDR PH RL FWSL FWR DWSL DWR  RECL Comprehensive score Order
Sogy ongshanjinkui . . . . . . . . .
#1114 3% Zhongshanjinkui 0.117 0.124 0.124 0.129 0.129 0.118 0.120 0.123 0.984 1
YL Zhongshanhuangyin, . . . . . . . . .
A1l EEDE Zhongshanhuangying 0.125 0.124 0.088 0.131 0.112 0.124 0.112 0.078 0.89%4 2
il 84 Zhongshanzigui 0.117 0.085 0.069 0.108 0.108 0.110 0.105 0.085 0.787 3
2 g
Kol ongshanjinyu . . . . . . . . .
#h1l14: E Zhongshanjiny 0.115 0.107 0.051 0.113 0.088 0.114 0.093 0.076 0.757 4
&1+ Zhongshanjingui . . . . . . . . 043 .
#1144 Zhongshanjingui 0.061 0.074 0.052 0.106 0.099 0.110 0.113 0.043 0.658 6
1 Zhongshanyungui . . . . . . . . .
1l =4 Zhongshanyung 0.084 0.082 0.046 0.107 0.095 0.108 0.104 0.022 0.648 7
Pl Zhongshanxiagui 0.092 0.085 0.047 0.106 0.083 0.108 0.107 0.044 0.672 5
=42 Zhongshanxinggui . . . . . . . . .
fhili 4 Zhongsh g 0.107 0.075 0.057 0.111 0.090 0.109 0.050 0.047 0.646 8
P 1L %EHE Zhongshanaihuang 0.028 0.041 0.048 0.096 0.092 0.089 0.095 0.053 0.542 11
21 Zhongshanjiuhon . . . . . . . . .
AP LT Zhongshanjiuhong 0.079 0.065 0.052 0.088 0.087 0.084 0.085 0.033 0.573 10
Bl 14 Zhongshanzaobai 0.101 0.078 0.039 0.075 0.080 0.072 0.100 0.063 0.608 9
EE ongshanguiguan . . . . . . . . .
#1l#E5E Zhongshanguig 0.056 0.039 0.037 0.084 0.076 0.084 0.088 0.033 0.497 12
1% Zhongshanzilian . . . . . . . . . 3
AP ILEETE Zhongshanzili 0.061 0.068 0.037 0.072 0.074 0.072 0.039 0.019 0.442 13
B ongshanjinshan . . . . . . . . .
#1145 111 Zhongshanjinsh 0.031 0.042 0.015 0.062 0.019 0.076 0.013 0.008 0.266 14
LA Zhongshanhongfeng 0.046 0.066 0.003 0.050 0.001 0.054 0.000 0.016 0.236 15
PB4 Zhongshanyinggui 0.008 0.008 0.035 0.000 0.041 0.000 0.041 0.013 0. 146 16
1l P Zhongshandangui 0.000 0.000 0.000 0.019 0.000 0.041 0.013 0.000 0.073 17

DILDR. PARRM: F 323 % Individual leaf damage rate; PH . RS A $5 5 Stress index of plant height; RL: MR A FE L Stress index of root length;;
FWSL . ZEM-fif i 5 B3840 Stress index of fresh weight of stem and leaf; FWR MR T HR b3 38 4K Stress index of fresh weight of root; DWSL; 2%
I T BB F5 %X Stress index of dry weight of stem and leaf; DWR : AR B Ml #5454 Stress index of dry weight of root; RECL: M5 #H X Hi -
B FEEL Stress index of relative electric conductivity of leaf.
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1. “#hili4¥%° ‘ Zhongshanjinkui’ ; 2; ‘#FILFEH’ ‘ Zhongshanhuangying’ 5 3. ‘B ILIEH:E ¢ Zhongshanzigui’ ; 4: ‘#1114 £’ ¢ Zhongshanjinyu’ ;
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9. ‘41l %% ¥’ Zhongshanaihuang’; 10 “ #f LI £1° ¢ Zhongshanjiuhong’; 11; ‘% 1l 5 "’ ¢ Zhongshanzaobai’ ; 12 “ 4 i 4 5’
¢ Zhongshanguiguan’ ; 13, * Gl g3 Zhongshanzilian’ ; 14, * a4l Zhongshanjinshan’ ; 15, * Ahiligrp ¢ Zhongshanhongfeng’ ; 16 ¢ Al
PHE ¢ Zhongshanyinggui’ 5 17 ‘#h1LFME" ¢ Zhongshandangui” .
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Fig. 2 Result of cluster analysis of Cd resistance of 17 cultivars of Dendranthema morifolium ( Ramat.) Tzvel.
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