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E . RABIARFREDIE T Ph, Cd H—ia & Pb-Cd & 4 Wi (500 mg - L™'Pb, 25 mg - L7'Cd, 500 mg - L™
Pb-25 mg + L™ Cd) X} 4E B 38 (Iris ensata Thunb. var. hortensis Makino et Nemoto) 4Jj 1 A 4 R4 4= FUFR AR B9 520
S5 BR,7E 500 mg - L7'Ph SA—MA AT, AL B A LA (rE ) R R R A (RIS IRZEFIAR R ) T
TR S 5 2 RN W3 (P>0.05) ;TAE 25 mg - L' Cd B— 30 1500 mg - L' Pb—-25 mg - L' Cd E&
JSAFTT S b b3 43 R T 43 14 T T R R R B (P<0.05) , Horh it 4R B0 A 0. 86 I
0.79, 7£500 mg « L' Pb S—hitt 544 T, it b O & R (AEITHSER o 4 E b AIZEEAE N 2) S T
PR ETN T (MDA) 5 i B35 T IR b 3040 B MDA 3 354K T 00 IR T 5 8 AL 0 ( POD) 355 14 U 45 %6f
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AT Ph R Cd HLATHMAIFE R, X A6 B 2 i i A R S R

KR, fEENH; Pb; Cd; B—hE B A WaE; LK, AFERR
FE4SES: 0945.78; X17 XHkERERD: A XERS. 1674-7895(2010)03-0023-05

Effects of single and combined stresses of Pb, Cd on growth and some physiological indexes of Iris
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Abstract; Effects of single and combined stresses of Pb and Cd (500 mg « L™' Pb, 25 mg - L™' Cd, 500
mg -+ L”' Pb-25 mg « L' Cd) on growth and some physiological indexes of Iris ensata Thunb. var.
hortensis Makino et Nemoto seedling were studied by liquid culture method. The results show that under
500 mg - L' Pb single stress condition, dry weight of above-ground part (leaf) and under-ground part
(including rhizome and root) and tolerance index of I. ensata var. hortensis seedling have no significant
difference with the control (P>0.05), while those decrease significantly compared with the control ( P<
0.05) under 25 mg - L' Cd single stress or 500 mg + L' Pb-25 mg + L™' Cd combined stress conditions,
in which, the tolerance index is 0. 86 and 0. 79, respectively. Under 500 mg - L™' Pb single stress
condition , the content of photosynthetic pigment (including Chla, Chlb and carotenoid) in leaf and MDA
content in under-ground part are significantly higher than those of the control, but MDA content in above-
ground part is significantly lower than that of the control, and POD activity has no significant difference
with the control. Under 25 mg - L' Cd single stress condition, contents of Chla and Chlb in leaf are
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significantly lower than those of the control, but carotenoid content in leaf, MDA content in above-ground
part and POD activity in seedling are significantly higher than those of the control, and MDA content in
under-ground part has no significant difference with the control. Under 500 mg -+ L™' Pb-25 mg - L™ Cd
combined stress condition, photosynthetic pigment content in leaf is significantly lower and MDA content
and POD activity in above-ground and under-ground parts are significantly higher than those of the
control, in which, MDA content is 1.7 and 2.7 times and POD activity is 2.5 and 3. 4 times of the
control, respectively. It is suggested that I. ensata var. hortensis seedling appears a certain tolerance to
500 mg - L' Pb single stress. And under Pb-Cd combined stress condition, there is a synergistic effect of
Pb and Cd, which causes obvious inhibition to growth and physiological metabolism of I. ensata var.

F19 %

hortensis seedling.
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2.1 Pbh.CdE—REGHENEEFTHIETRE
F I +E £5 Y 22 A

Pb Cd P— N A Ma AL EE 20 d J5 A8 B4
b5 43R Hb T 438 B DA S PR A LR 1
1 AL, 7E 500 mg - L7'Pb Bl &1, 48
BT A bR A R B A3 1 T B S 6 R (CK)
ERAREE(P>0.05), 7 500 mg - L' Ph B—J
T X A B AR AN B3 #E 25 mg - L7'Cd
3B F1 500 mg + L' Pb—25 mg - L™ Cd & A&
FAFN A BT e E AR Rl R A i T B
B AR T X B4 AT 500 mg - L' Ph B — i kb B 2H
(P<0.05) , H FEE G W0 50T, 16 2 4 i b
S A3 R0 R FR 4 B T B A 40 X B R T
35.2% M133.7% , =W 25 mg - L7 Cd B—Jpia Al
Pb—Cd & 58 0 A6 & T 41 B 00 A= KA I 25 0 ]
YEHL,

®1 Pb.CdE—REGHENEERDE TRERTHELNI
W (X+SD) "

Table 1 Effects of single and combined stresses of Pb, Cd on dry
weight and tolerance index of Iris emsata Thunb. var. hortensis
Makino et Nemoto seedling (X+SD) 1!

FHm/g Dry weight 4 g

- e
Treatment i FEB B4 0 e(l;ance

Above-ground part Under-ground part tndex
CK 0.128+0.010a 0.086+0.003a 1.00
Pb 0.119+0. 006a 0.082+0. 006a 0.98
Cd 0.099+0.012b 0.063+0.008h 0.86
Pb-Cd 0.083+0.015¢ 0.057+0.008b 0.79

DR B dE N 3 IEEZ MY {H The datums in this table are the
average of three replications. CK: 0 mg - L™ Pb-0 mg - L™' Cd; Pb:
500 mg - L' Pb; Cd: 25 mg - L™! Cd; Pb-Cd: 500 mg + L™' Pb-25
mg « L7 Cd. [R5 PR E /NG R OR 2001 T AR 28 A 3
1 0.05 7K | 22 5% i & Different small letters in the same column
indicate the significant difference at 0. 05 level by Duncan’ s new
multiple range test.

H12¢ 1 iR AT LAE 16 Pb.Cd — R 2 A ihia
FAEN AL A 1R SR R R EE DN A
500 mg - L™'Pb HL— Wl 551, A6 E T 41 A i P
FEEC KT IR B T 2% , % BH A6 B 3 4 15 X% 500
mg + L™'Pb FL—p A —E M52 1 M 7E 25 mg - L™

Cd B—Jp38 A1 500 mg « L'Pb-25 mg - L'Cd B &
[0 S5 AT A6 BT 4 TP R B0 6] B R
T 14% F121% , i 25 mg + L7'Cd B — By 38 0
500 mg - L"'Pb-25 mg - L™' Cd & & W0 %15 B 4
ARG, B I TR R AR, LA
LT TS A X 25 55 5 3 B0 AL BT AL B
1 Tl b3 R 0 B A A R e A5 A —
X

2.2 Pbh.CdE—REGHEMNEEFTHEBTE
EiEtRAI 0T

2.2.1 MR vARESEEFSFHHm Pb.CdHRE—
KAZEWMBAEIE 8 d J5 AL E 4l M i rh g R A
KA MRS EIE2, HE2 ATLEW, 7E 500
mg + L7'Pb B— a5, i b4t &K a(Chla) |
22 b(Chlb) FIZEHIEE 2 (Car) 1Y & 53 W% &
TFXEE(P<0.05) , 405 Xt B8 A 1.36 1. 11 A1 1. 31
f5, 725 mg - L7'Cd B — Wi &4 F, A iy
Chla Fil Chlb % & 43 5 8 XF BT B¢ 1 42. 6% F
43.7% , 1M Car %t L XTSI T 15.5% , 2573
ik #] & 3 K F(P<0.05), #£ 500 mg «+ L' Ph-25
mg « L' Cd AW &4, i R 8 Chla, Chlb £
Car 75 3 10 2 T B, 20 0 B BT B 1 55.7%
58.0% 1 41.5% , #8500 mg « L™'Pb B—Jhjpif 4b
BEXTAE BN oL G AR AR EA —ER
PEHEVERT, T 25 mg - L' Cd —Wa & Pb—-Cd H &
[ XA B A i HOb G R A —E I RIRAE
FH, Forp (g i 2 6] ol A 2 0T R

F2 Ph.CAE—REGHEMNEEHFYIEHRFIRABEIEN
200 (X+SD) Y

Table 2 Effects of single and combined stresses of Pb, Cd on photo-
synthetic pigment content in leaf of Iris ensata Thunb. var. hortensis
Makino et Nemoto seedling(X+SD) ")

HEOEREE/mg - ¢!

Kb 3 Content of photosynthetic pigment

Treament 4 o eED KN bR
Chla Chlb Carotenoid

CK 2.255+1.046b 1.528+0.495b 0.239+0. 168¢

Pb 3.064x1.258a 1.699+0.488a 0.312+0.255a

Cd 1.295+0.035¢ 0.861+0.214¢ 0.276=0.283b

Pb-Cd 0.998+0. 154d 0.642+0.345d 0. 140+0. 198d

DBl 3 E E 114 1E The datums in this table are the
average of three replications. CK: 0 mg + L' Pb-0 mg + L™ Cd; Pb:
500 mg + L' Pb; Cd: 25 mg - L™ Cd; Pb-Cd: 500 mg - L' Pb-25
mg - L Cd, AR NG 5 R 2 A 5 S B
TE 0.05 /K |2 5% 5 3 Different small letters in the same column
indicate the significant difference at 0. 05 level by Duncan’ s new
multiple range test.
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2.2.2 MDA &26%m Pb Cd o—REHW
BANEE S d JEAE BT Th MDA &R 3, MR
3 A1, #E 500 mg - L7'Ph BA—l 5 0F R, 46 B 4
B E B0 MDA 5 & 5 5 IR X BE T T 5843
() MDA 5 £ b 3 /5 T X BE 76 25 mg - L' Cd B—J
AR Mo B4 R R4 A9 MDA & &35 T
Xof R 5 0 B3 S840 T 28. 8% 1 5. 9% , {H ML T

53 MDA 7 & 5 X0 B 25 5 AN 1 35 7F 500 mg - L7
Pb-25 mg - L7'Cd E AW 554 T 4L E 2w -
HRAT AL T &R 1) MDA & & de i, HL¥ 50 A &
FHXE(P<0.05) , 7r Bl X IR 1.7 F1 2.7 %5, &
B Pb ,Cd B—HIE G0 S BERE 5 | E AL B3k 4 v 20
JEL P i P AR AR B S O R AN ) R R Y S ot A
1k, RN MDA & SASRIFR L

%3 Pb.Cd E—REAMBEIIEEHLE MDA £25 POD FEIEAIHIE (XSD)Y
Table 3 Effects of single and combined stresses of Pb, Cd on MDA content and POD activity of Iris ensata Thunb. var. hortensis Makino et

Nemoto seedling ( X+SD) "

e MDA % %/nmol - g MDA content POD {&PE/U - ¢! - min™'  POD activity

Treatment M AR AR M AR MR AR
Above-ground part Under-ground part Above-ground part Under-ground part

0 mg - L' Pb-0 mg - L' Cd(CK) 0.233+0.028¢ 0.136+0.058¢ 6.232+0.218¢ 2.335+0.173¢

0.178+0.024d
0.300+0.071b
0.391+0.094a

500 mg - L' Pb
25mg- L' Cd
500 mg -+ L' Pb-25 mg - 7! Cd

0.256+0.034b
0.144+0.015¢
0.367+0.038a

6.562+0.545¢
12.437+1.072b
15.364+1. 142a

2.349+0.309¢
5.938+0.489b
8.051+0.714a

D b B 3 IEE B FEY{E The datums in this table are the average of three replications. [F@ 50 AR /NG bk R 28 EG T B M 2546 1

1£0.05 /K- 255 .3 Different small letters in the same column indicate the significant difference at 0. 05 level by Duncan’ s new multiple range

test.

2.2.3 AF POD &M e%m Pb Cd o—KEAWiA
ARFR 8 d AL E AT B POD WETE L 3, i3
Al UL 7E 500 mg « L7'Pb f125 mg « L' Cd BA—Jjia DL
}2500 mg - L™'Pb-25 mg - L™'Cd EHWHAKMT 46
BT A o AU R A3 i POD TR A T
B, 500 mg - L7'Ph BA—Jia AR BRAL Y POD I P4
EXFRERA R E M 25 mg - L' Cd H— Wi 4b #
ZHF1500 mg - L' Pb—25 mg - L™ Cd & & Whia b ¥ 2H
() POD i M5 % IR 35 25 5% (P<0.05) , HAEE &
Wi 25 E T 46 BT v b 4 L R 43 ) POD
TP A RN IR A 2.5 F1 3.4 £%, B Pb.Cd
R R N =Ry S ED O =W ) N B O i 5 7 1B O
(1) POD ¥ P34 300 1175 S fig

3 4T w

Pb Fil Cd J2& S BB o 4 i V5 e ) 32 2 4
JBICER XY F , RN E R S m i R —
15 {1 o 3t 2 X LA R 37 2 AN R R i 7 B
FOARIE T, A H 4 T YL i i DR A A A 2K |
4 JB IO R RN S BE LA RS gy X R [ i A —
FER 225, R PR PERS B0 DA A 0 78 AR [R) 75 etk
U RBUPE, ARSI EE RER W], 7F 500 mg - L7'Pb IR

— B AT, AR BT 4 v R A e 38 E
0.98; MMifE 25 mg - L™ Cd #—Jfpi0 A1 500 mg - L'
Pb-25 mg « L7'Cd B & WHE 5T, 16 B 40 i 19 i
PEFEECUE/N, 43 51 0. 86 F1 0. 79, BiWAAE E T 4
B4 Cd BA— 38 K Ph—Cd 24 e 0 it 52 A% T
Ph 5 — i3, 3R BN A6 B 4 i B 4 Ak R
Sy B DA KRR 3 TR R Phb-Cd &
B W38 I T 3 — 25 I A B Al 45 X AR
K= M E R0, Zhou %5 FEMF T B & il X Ph I
Cd (it PR s oA T AR AL 25

MaR R YA ER N AR, L E B S
B R WA YOG EAE R R SR Es R R s R
WAL G A VERES B 0 A K ASF] T Al ) 32 B 55
B )5 ] SRR S B K" Zhou &M
IR SR 25 5 R, B BE Ph W af v] 3 B08E i
ot R SRR, EE MRS BoR, 7E 500
mg + L7'Pb BL— A S5 F T, A6 Bl 4 i i i A
2 a Fl b 15 R R M7E 25 mg - L7'Cd B—
38 F1 500 mg + L' Pb—-25 mg - L™'Cd 524 Wb 51
T AEEEL T A SRR a Al b B R B R
i, BB 500 mg - L™'Ph H— 36 Xt 46 Bl S i A
W2 25 Pt AR ML AN K )42 B Bt 0 &)y 1 1) T 8 A
£ J6 B 5w, 1 25 mg - L7 Cd BA—ra A 500
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mg + L7'Pb-25 mg - L™ Cd & & Wirtd 0 v] {5 46 & 4
AR Z BN R AR BE (s, SR HOE Ph-Cd & & W
HEAGT LAEOENGRZE T BEMH, PbH
— U3 b P AL B I R 2 R Y S A
RZ , ATREM TS50 B A9 Ph A IR B 4G, R
JEDABBEIR I S R A5 G B, X i R o v 4 25 il 1) 3
PR A P SRR TS E ST
Fe™ Zn™* F1 Mg™ I 3% A # Pb %5 H 4 J& o0 K T i
R INFERI A BT A5 R I, Cd i aE FT 5 R
YNGR ST RAREIL, N Cd B —Jphia Fl Ph-
Cd &G Whia S BUE Bl 438 o PR =22 R A
AP — IR T Cd WAL E R E S, Y
— )5 W A A 4 F Ph A Cd ] fE BA BRI
AR EE B FER R T4 A —hia b3,

MDA S8 Y 1A P9 B i 3 S8 Ak 1 7= 1, L o v
RS BT 40 L BB o S A AR B 1 /N | % e v 2
20 e 5 B e G TR R v A 5 4 o M 2
4@ haa nT s & AR A R e A B R, X
AR B 05 VR, oS SRR L A
MDA & B 3 n - AREF I 7E 500 mg - L
Pb-25 mg - L7'Cd B4 Mhia 55T, AL B 41 1 |
BB FIHL T 2 MDA 5 1 34 d 25 2 57, 130 B 4 i 1
AYIREC Z 2%, Iz it Frh Chla #1 Chlb & i 12
FRME AEENE A K ZE T WE I, RUAE
FEHR ) Ph—Cd & A 38 X6 A6 B 4l 045 % B
ZofBl T HXF Ph-Cd &4 W3 (4 1t 52 1 DL R SR AR
Pb-Cd & & Wil 1155 5 pi b g

AR A B R R SR RS bR F R SR R4
J RS A6 B Ty e AN S He b TR R e E T, POD
SEE BB AIEZ — PR T AR i A R
BAEMY, 78 Pb Cd Ph— KA A& S
T AP b S A AR FR 3 () POD I PR R T X
HE L, ULEH Ph Cd H— R 52 A Tt Y5 ] S kA6 B 4 i
POD V& 1k, i HAEW4% Pb  Cd B — K S A b X e &
WAH O E R R R T — 2 R,

LEA TR A8 B 4B X 500 mg + L7'Ph B
— s AT — 2 W A2 M AT 25 mg - L' Cd H—
36 F1 500 mg + L' Pb—-25 mg - L™' Cd & & W30 5 it
TR R RRAE R A Wi & 4F T, Pb F1 Cd B A

PREIAE T IR T 6 A6 4l A R A R 45 3
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