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[ Z]  [HBY #8004 i i 2 (Hemerocallis hybridus * Stella de Oro’ )75 43 J& Cd W3 6144 F #2E K
N R RO OE BT S i A E AL E A )8 Cd Ry W E 4 R T I IR Y 8 E SR AL ELS KA . DTk 24
A T R RO AR R O AR R B S DL g R i A Cd g X B R R OR TR Cd & & (0. 3,1,20, 100
mg/kg) FiIE B 8] (30,60,90,120 ) AbHS , & ik 0E 78 bR = L T B & L0 6B Bob S AL g T 1 SR AR AR 4k . K46
RY Cd Em/NT 1 mg/kg WAl g & 04k FAER ,Cd &8 KT 1 mg/kg B AR bR & BE R A 9 52 R R 3 & 0k
M TR a Ml b RS E KW E RS R Cd & a2 e 5 RS I AULIE 1 mg/kg 403
AP b 5 BRAR LG 4 2k 035 75 POD 3% PR Cd 55 4 19 38 m 22 W 38 K5 IR Cd & 4 (K1 mg/kg) b LR SOD & P4
JIEHEIN IR J5 A S B A 3N SOD 5 1 T B 5 4 I 4k 2 B e A B (P (ZE S BUR (Tr) MR LS 8 (Gs) HAE (LI &
XL il 2%, 06 (B S B AE 10:00 1 16:00, fifg[a] CO, ¥ B (C W 7E 10:00 F1 16.:00 HIMAEH. [45ie] A Cd(0. 3~100
mg/kg) T RIBA G FEREASEEERE TR TS HEH T <1 mg/kg i Cd {50 HIEMBE .
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Effects of Cd stress on growth and physiological characteristics of
Hemerocallis hybridus * Stella de Oro’

GUAN Meng-xi, DONG Ran

(College of Horticulture , Jilin Agricultural University ,Changchun, Jilin 130118 ,China)

Abstract: [Objective] The study analyzed the heavy metal resistance of Hemerocallis hybridus ‘ Stella
de Oro’ by investigating its growth and physiological characteristics under Cd stress to provide basis for
phytoremediation of heavy metal contaminated soils. [Method] Perennial H. hybridus *Stella de Oro’ di-
vided seedlings were planted in pot to investigate the effect of Cd concentration (0. 3,1,20,100 mg/kg) and
times of stress (30,60,90,120 d) on plant height,dry mass,leaf,photosynthesis and anti-oxidase activity of
H. hybridus ‘ Stella de Oro’ plants. [Result] Cd concentrations of less than 1 mg/kg stimulated the
growth of H. hybridus ‘Stella de Oro’ , while Cd concentrations of greater than 1 mg/kg decreased the
height and biomass of plants. Chlorophyll a,chlorophyll b, total chlorophyll,and carotenoids decreased after
the initial increase when mass fraction of Cd increased and the turning point was 1 mg/kg. Compared with
the CK,POD activity gradually increased with the increase of Cd concentration, while SOD activity was in-
creased slightly followed by decrease when Cd concentration increased. Photosynthetic rate (Pn) , transpira-

tion rate (Tr).and stomatal conductance (Gs) showed bimodal curves with peaks at 10:00 am and 1600
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pm,CO; concentration in the intercellular (Ci) at 10:00 am and 16:00 pm when the valley value. [Conclu-
sion) Cd (0.3—100 mg/kg) stress within threshold caused no death to H. hybridus ‘Stella de Oro’ ,so it

was suitable for remediation of soils with less than 1 mg/kg Cd.

Key words: Hemerocallis hybridus ‘Stella de Oro’ ;Cd stress;soil remediation
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2.1 CdppENEBREEREARKREYENZM
Cd W38 X 4> 1k 1k 5 50 1) 5% M 2% 8K 45 1A B 7 A
L7 o SO = W N ey 7 S N A S P i 5
Cd FRM 3G K, &0k stk BTG R
#Cd B2 1 mg/kg BFiAFIE{H, 30 d.60 d,90
d.120 d By Bk & 43 ) X |15, 5096, 25. 23 %,
22. 80 % 1 27. 29% s 7F 100 mg/kg W kR 5 F ik . AL
Fy X B 84.99% . 75. 46 %, 73. 87% Fl 75. 23%.,
Wit o 30 B R A A L AR e A A T e IS BRI Y i
XA R A RRTE 7(30 d).8(60 d).9(90 d) 4k
FARKARE .10 A (120 O Z J5 MRS T 5 ZBIRE

HE 48 Cd hin i (8] 3k 4, sl T 4 i i e H
B, fEfm & Cd e~ 4 i R B 5 %0
WM e 2 Y 250 A8 e i 4 BB R BT T, UL 46
R Cd Wit — 5 W 224 . 4l i 8w )
MK Cd & & i35 K2 % I e TR 3 (&
D 7€ 1 mg/kg B A B RME . S5k —3.

M2 2 L, & i s o i T B e Cd
o 1 mg/kg Wik K, KT 1 mg/kg i #h E#E+
Jor s RG2S TR R s 0 BEAR [ L R &R T
FriE b Cd & 3 KB W AL, HAE Cd & &8 100
mg/kg AF W] AR FH AL BE . BT Cd 75 YL Xt 4 ik
D 7 R b IS S CHR ) 174 52 i) 36 K % il 58

1 CdprExEEEEREERNZN

Table 1 Effects of Cd stress on growth of Hemerocallis hybridus *Stella de Oro’ cm
Cd &/
(mg * 30 d 60 d 90 d 120 d
kg™ D
cd 7= R 3= R R = REK R = RK
concen- Height Root length Height Root length Height Root length Height Root length
tration

CK 29.58%+1.03 b 18.64=E£1.19 be 36.35E1.20 ¢ 25.19£1.00b 38.99£1.30 ¢ 27.30x=1.01 b 24.99£1.08 b 29.6241.08 b
0.3 29.95+£1.12 b 20.354+1.26 a 43.59+1.10b 29.85+1.30a 45.99£1.20 b 34.34£1.20a 30.29+1.10a 35.28%1.16 a
1 33.87+1.05a 21.87+1.21 a 45.52+1.06 a 30.67%1.27a 47.88%1.14a 35.29+1.05a 31.81+1.04 a 36.06+1.23 a
20 25.27x1.14 ¢ 17.52£1.20 ¢ 28.79£1.08d 24.73£1.24 b 29.15£1.16 d 26.23£1.13 b 24.23£1.10 b 27.46+1.19 ¢
100 25.14%1.17 ¢ 15.33%£1.31d 27.43%=1.21d 22.18%£1.15 ¢ 28.80E£1.06d 25.53£1.07 b 18.80=*1.14 ¢ 26.26x1.17 ¢

T - R A B R bR A R /NG 5 B 7R 22 533K B 25 K (P<<0. 05) . R K.

Note: Different lowercase letters show significant difference at P<C0. 05. The same below.

®2 CApENESEEEETRENZI
Table 2 Effect of Cd stress on dry mass of Hemerocallis hybridus ‘Stella de Oro’ g/ kK
Cd &t/ 30d 60 d 90 d 120 d
(mg *» kg™ 1)
Cd M- T M- T M- T M- T

Aboveground Underground Aboveground Underground Aboveground Underground Aboveground Underground

concentration

2 3.0740.19 b 2.92£0.18 a 3.38%£0.10b 3.03£0.18 a 1. 3.
2 3.4740.22 a 2.57£0.21 ab3.77x£0.21 a 2.8620.20 a 2. 2.
1 3.23+£0.21a 0.93£0.18 a 3.6640.25a 2.4540.20b 3.95+£0.15a 2.73£0.10a 2.9940.22a 2.77£0.29 a
2 2.2140.23 ¢ 1.63£0.10 ¢ 2.69£0.19 ¢ 1.774+0.17 b 1. 1.
2 2.1540.16 ¢ 1.35%0.32 ¢ 2.46%0.23 ¢ 1.62£0.24 b 1. 1.

9440.15 b
7440.17 a

13+0.20 a
9040.18 a

2740.27 ¢
13£0.31 ¢

89£0.27 b
70£0.10 b

CK .434+0.14 ¢ 1.08£0.24 a
0.3 .86+0.22b 1.0740.22 a
20 L 154+0.14 ¢ 0.9040.32 a
100 .05+£0.17 ¢ 0.7140.17 b
2.2 CAdRMEMLERBEEHEHEEEE RN
=

% 3 AT LUAE 78 Cd Whae T 4 ok ok F i
AR a M b RO ELEHY PREEE
S TFIE BRI 3 /MK IR - Cd1 > Cdo. 3>CK >
Cd20>Cd100, Cd FE N 1 mg/kg MO E ST E
KA K AH . 4 50 H X BE OB i 55. 472, 51, 52%,
54.60%FN13.33% ;0 Cd RO Z B E
TRE@EH A Cd & 524 100 mg/kg I B 5 AL, 7
B He X B > T 17,34 %, 21, 219, 18. 20% I
22.86% X 5ok MR e Y M sT A5 R — B, &

F a/b B Cd £ 5 (10 3 028 8 0 4% A 3L i) 22 5
PR BRI Cd i Xt 4 R sk 48 b
MK F st a.
2.3 CdimBEx&EEEELEERMENE

A 1 Al e Cd Wl & 4 ek i 25 50 i
A (Pn) FEBEHRZE(Tr) VIS (Gs) I B A8
Tl B R EOR L, 2 B X " i 28, 14 10 00 AN
T 16: 00 2 WK g H BB R) (A BLE T
A 14:00 ZEA7 R AL PR ELS. &
PR RSO A R 1 e T 2 1
1B 33X J2 T 6 47 BT O BB B8 13 45 Ry IR L Bt Y6 TR i
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(R385, AR ) Cd 2 B 4b BE % RE BRI R o & ik R
Y uisgm. F—XWARR Cd & & T 4k
BT B A R KK IR R - CdOo. 3>Cdl >
CK>Cd20>Cd100, 7&K H ¥4 Cd Ky 0.3

%£3 CdBmaxERE

1 mg/kg I W& FXFHR, Cd & &5 20 Al 100
mg/kg BFZE 5 S R g 2 T, LS E H YA
TE 45 A H1 18] () A8 Ak 5 1 6 4 3 R RN 7% 18 R A 1k A
I,

FEEMRMREBEESENZM

Table 3 Effects of Cd stress on leaf chloroplast pigment content of Hemerocallis hybridus *Stella de Oro’

Cd &t/ 4R a/ MERER b/ 4k % at+b/ . KAH MR/
1 1 1 1 Mg a/b 1
(mg + kg™ 1) (mg+g b (mge+g b (mg+g b Chl a/b (mg+g b
Cd concentration Chl a Chl b Chl a+b e Carotenoids
CK 0.813=£0.02 be 0.23140.03 ¢ 1.044+0.03 be 3.519£0.03 a 0.210£0.02 b
0.3 0.953+0.01 b 0.26940.05 b 1.222+0.02 b 3.543£0.07 a 0.230£0.08 a
1 1.264+0.03 a 0.35040.01 a 1.614+0.07 a 3.611£0.05 a 0.23840.04 a
20 0.732+0.02 ¢ 0.20040.02 d 0.93240.01 ¢ 3.660+0.02 a 0.180+0.03 ¢
100 0.672£0.04 ¢ 0.18240.06 d 0.85440.04 ¢ 3.692+0.03 a 0.16240.01 ¢

ANE] Cd v 4b B 5 e fe 5 A 1 S 1] CO, 9 JE
(COFE— R R W B, K F 5
R ST AR . 1 IR (E B
10:00 Zif .46 2 MR E L BAE 16.00 47,
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G IR LE R SR AR L] CO, Y RE R B A 7 W (L U B
G UELEE R AR CO, MRE T 2w T
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Fig. 1
2.4 CdprENEEEEERALEEERRM
PO M ) A2 A B AT s H AR 3 5
B RYSRSS AT R WA B B RO . i R 2
AP, Cd [l 3E X 4 i 4k 8 K0 i POD 6 P A I 3%
SR ELBE 0 2 5 B 3G 2 e 2 LR A I
HifE Cd100 Ab BN POD i 1 55 XiF B EE 38 i e 2
R, FEARE Cd Wil 26 788 o G ik ik 5t iy

Diurnal variation of photosynthetic characteristics of Hemerocallis hybridus ‘Stella de Oro’ under Cd stress

POD 3% P£ 34 & 2 /5 F X i, Z 3k Cd100>Cd20>
Cd1>Cdo. 3>>CK., Hrr Cd20 F1 Cd100 &b FH 14 i 45
KB X BRI A 1. 62~2. 03 £%F1 2. 08 ~2. 86
it o 3 ) AL 728 B0 S5 R Bk 4T AN I F 9 4 A
ol W& 2 3 AT %0, 4 i ik wok B SOD I 4 B
CdummmeaLHAFmas, AN Cdl >
Cdo. 3> CK > Cd20>> Cd100, Cd1 &b 3 & Xf H& iy
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Fig. 2 Effects of Cd stress on leal POD and SOD activities of Hemerocallis hybridus ‘ Stella de Oro’
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A A E KSF 0 Cd 38 {45 2 2 vy e A KA
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Z— o SR W R AR SR ) U SR B e 1 A
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LR FAL T R A KORES AN IS S R
AL F AR G, 0 B AR K SR X 5 5
SEAEDUI 0] H 28 (Helianthus annuus L) 40 5 09 8F
FEAT AL YW 0~1 mg/kg Cd O G Lk Ik & Ak
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ARG, AR RO S AR ) 48 AR 2 T 2 T R 3
Ui TR 2R PF TR A ek de v 3 %) A 4 AR BRAR I 2
ZRCEW, X2 TAYEMRES S CdBE T
ML B SN R i AR B A AT Bl A N R
PR PR A7 A R AR ™ W . 5 6 )R 45 5 ok i
LI R ECEY RN, M E SR &
IR B BT - 2 AR R A P Y 2R B R 2R O
BV FHREAR . W Wi sz B4 ] 3 R BR A KW B S e
T MR AR R R RS . T AR B O
TR A B, A 8 Cd a2 90 2 Ao ) 2k
K IF B ARR Y L)

GG A S AN [R] BRBE T 6B ML 32 e R 1
W —AREERFR . PRV E AR 2
TR P 0 06 A AR D B AR R S A AR AR
FHOC s 5380 GG VR TR BEAR B S A Y Fh 26 K & I
W KT 4 SR AR 2R AT OCE Bl Cd i af B i 3
T 4 B A T O A AR AR R AL A
JfLlE] CO, #e BE 52 58 T 5 T B 0 35 5 i ik B
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BT 1 43 UG B . Cd B a8 4 ik ik s
iF, LA POD il SOD A% 3 i 470 8 AL 4 i 7T DL AE —
EREE EIREE 48 Cd &y & AL A . POD i
P Bt P 30 5 0 B0 T 3 K s SOD WU AR 75 o2 Joly 3
R 375 P 48 A v A T 2 3 e 0N L B SOD it
2 e e e DR 9 e 0 A B & & & (> 1 mg/kg)
Cd JHh 300 FT M 7 HU Ul 5 0 o 48010 - i R &R L Ol
fiff 26 2 B0 X R A i R Cd
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M-SR A — R L RE AT S A e o
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SR 4R Cd Phin S F M A A m B ER.
FE R R - OH FrEd™, X4 Cd & &>
20~100 mg/kg i, X5 SOD 3§ ¥ JLF- 50t 4t %
MR A R EIE W T R 4R Cd i T
TR 1 LB 5 L R, POD I 4 S FELE b
FHa e i A A R 50T g T Ui POD #£ Cd
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A LA B A T, i Cd Wit 2 9 ) 4
e R AR OB AR R R T IR N
BT Fa a8 M. & ik ik OfE Cd (0. 3 ~ 100
mg/ke) il st B R BB T4, £ Cd(<1
mg/kg) B A K R 45, iR BO% B Cd & &k K
(20~100 mg/kg) s HEK AR EB AL .
WL BE A (ELARK 5 Bl 5 Tl 36 B fR) ZE 4, 7E 120 d (4 A AD
Ja B A F 5 R A U B 4 ik e R TR AR Cd
Sk 100 mg/kg MAEE TR HIERH 4K, ki
BT DA s 4 i Rl T Cd % <1 mg/kg
YR AR BB E X IR T A e
B TR 4 J T Y 0 AR P 18 2R R v ) R
HA 2R .
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