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Abstract ; Effect of Pb-Cu combined stress with different concentrations on growth and some physiological
indexes of Iris lactea Pall. var. chinensis ( Fisch.) Koidz. seedling was studied by nutrient solution
culture method. The results show that in three combined stress treatments of 50.00 mg + L™' Pb with
0.10, 1.00, 10.00 mg + L™" Cu, seedling height, root length, fresh and dry weights of above- and
under-ground parts, contents of chlorophyll a (Chla) and b (Chlb) in leaves all are lower, but activities
of SOD and POD in leaves are significantly higher than those in the control (0.00 mg + L™' Pb-0.01
mg - L' Cu) after treated for 35 d. In which, seedling height, root length, Chla and Chlb contents and
activities of SOD and POD in treatment of 50.00 mg + L' Pb-10.00 mg - ™' Cu all are the highest, and
fresh and dry weights of above- and under-ground parts are also higher. In three combined stress
treatments of 100.00 mg + L' Pb with 0. 10, 1.00, 10.00 mg - L' Cu, seedling height, root length,
fresh and dry weights of above- and under-ground parts, Chla and Chlb contents, activities of SOD and
POD in treatment of 100. 00 mg + L' Pb-0. 10 mg - L' Cu generally are significantly higher than those in
the control. And seedling height, fresh and dry weights of above-ground part, activities of SOD and POD
in treatment of 100.00 mg - L' Pb-1.00 mg + L™' Cu are all significantly higher than those in the
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control. But in treatment of 100.00 mg + L.™' Pb-10.00 mg + L™' Cu, seedling height, root length, fresh
and dry weights of above- and under-ground parts are all the lowest, Chla and Chlb contents are

significantly lower than those in the control.

It is concluded that the combined treatment of 50. 00

mg - L”' Pb with a relatively high concentration Cu (10.00 mg + L™") can relieve the damage of Pb stress

to I lactea var. chinensis seedling to a certain extent, while the combined treatment of 100.00 mg - L™

Pb with a relatively low concentration Cu (0. 10 mg « L") not only reduces the damage but also has a
stimulating effect on growth of seedling. But the combined treatment with a relatively high concentration
Pb and Cu can aggravate the inhibition to growth and physiological metabolism of I. lactea var. chinensis

seedling.
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Table 1

Effect of Pb-Cu combined stress with different concentra-

tions on seedling height and root length of Iris lactea Pall. var.
chinensis (Fisch.) Koidz. seedlings(X+SD)"

SR E /mg - L7

Concentration

PRiR/em
Seedling height

RE/em
Root length

Pb Cu

0.00(CK) 0.01(CK) 19.167+0.493c¢  15.233+0.404bc
50.00 0.10 17.700+0.265d 11.500+0.300e
50.00 1.00 16.933+0.451e 13.400+0.361d
50.00 10.00 18.067+0.058d 14.600+0.300c¢
100. 00 0.10 21.100+0.265a 16.867+0.058a
100. 00 1.00 20.333+0.416b 15.567+0.473h
100. 00 10.00 15.000+0.265f 11.233+0.473e

D [EF) AR TR NS TR R R 22 5 3 (P<0. 05) Different small
letters in the same column indicate the significant difference (P<

0.05).

AR A AR KT 4 i 360 g o 7 2 1 5k 1
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J£450.00 mg « L~ 3 N AbBRA A Ih i 4 i AR K
PINFFIRZH 50,00 mg + L' Pb-0.10 mg - L' Cu
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Table 2 Fresh and dry weights of above- and under-ground parts of Iris lactea Pall. var. chinensis (Fisch.) Koidz. seedlings under Pb-Cu
combined stress with different concentrations(X+SD) !

i) /mg - L7

Concentration

Hi 384> Above-ground part

Hi 4> Under-ground part

b Cu fif i/ g T/ g i e/ g TR/ g

Fresh weight Dry weight Fresh weight Dry weight
0.00(CK) 0.01(CK) 0.628+0.009b 0.110+0.003b 0.454+0.009b 0.082+0.003a
50.00 0.10 0.57120.005¢ 0.106+0.001b 0.37720.011cd 0.072x0.002b
50.00 1.00 0.463+0.008d 0.084+0.002¢ 0.370+0.010de 0.060+0.003d
50.00 10.00 0.562+0.008c 0.106+0.002b 0.358+0.006e 0.066+0.003c
100. 00 0.10 0.658+0.011a 0.121+0.005a 0.488+0.003a 0.083+0.002a

100. 00 1.00 0.669+0.005a 0.121+0.001a 0.387+0.007¢ 0.07120.001be

100. 00 10.00 0.426+0.009¢ 0.074+0.004d 0.314+0. 006f 0.05120.004e

D )5 Hp R [A] (1N FhE R 22 5 8 25 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).
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YEH .
1E Pb 5T & & 5 100.00 mg - L7 3 AL EE
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mg + L7'Pb—1.00 mg - L™' Cu ZbBHLH h i 4 v b1 358
3 T e A3 R RSN T 4. 8% M16. 5% T
HN AT 10. 0% ;171 100. 00 mg + L™ Ph—10. 00
mg + L™ Cu Kb FHZH 20 v H_E- 38 43 1 5 J5 D) A A Xof
MR 67.8% T B A% BRI 67.3% , 5 A —ia
AT 4tk m AR B A — 3, RUIE
VR A2 R 1 Ph—Cu &4 10368 B S8 40 1) T 25 1 %)
HAER,

BN, BAR LA, A Cu BT BRI (0. 10 A1
1.00 mg - L™'Cu) 1Y 4 NAbERYL P[5 2 v 5 450 5

(100.00 mg - L") /4 2 A~Ab 20 i 4)) v H 35 4
fief JoT 5 R T 0T hE Y = T Ph T AR R IS (50. 00
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25 WEVET A R BN 45 A W A A 5
11 47 T ML o3 1 i 5T A 6 R R I 2R R
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LR A PR EH B 7 4y v b 5 43 T S X IRy
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FEi W Pb—Cu & A A 508 T 5 i 4y i R 38 53
FR B ST AT I AR B — (R 2), R 2
A UL 7E Ph TR E A 50.00 mg - L' 3 ASAb R4
o i A0y e b B A B BT A AT B ) IR T
XTHRZH (P<0.05) o Hovp BEiT i bl Cu o &K B2 1Y 42
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L i 4y P b, 1 4 1) 6 5T R RN T 5T o 41K T 50. .00
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MR R BEYHITOCEERN FEAR LG
VB FEm e bR A% O AT, it = AR R 8 S e
HYERK PR ) BRI aS Byt
E ML RFEFE W E Phb-Cu &4 WhE
XoF By I R SRR SRR LR 3

H15& 3 W] UL, 7€ Pb BTk 50. 00 mg - L' (1)
3AAEIA i SRR o M b B R B
K FXFHEZH (P<0.05) , ELFf Cu J & 4% B9 42 v, i
LE a M b B B 55T 5 0 #494,50. 00 mg - L7

Pb-0.10 mg - L' Cu ZbBRLA M 4¢3 a Al b Y5
050 R X BE K 50. 7% #1153, 1% 350.00 mg - L™ Ph—
1.00 mg « L' Cu Zb A M 5 485 a FI b 1Y & &4
S A Xk BE R 61. 1% F1158.7% 5 50.00 mg - L™ Ph—
10.00 mg « L™ Cu ZLFRLA M Fr 485 a Fil b 1Y & 853
SRR BRI 71.3% F169. 9% . 1B VR A %o 458 25 J5
B E Cu(10.00 mg - L") 7] LLZEf# 50.00 mg - L'
P e % By i 4l i AR K B A

7E Pb A JE 4 100. 00 mg « L7 4 3 ASAbFEZH
H BE Cu B R BE 194 &, D4 it i 4% a
F b B R AR R A, 50T B AR L 34 52 5
T JE kAR #a # . HF,100. 00 mg - L' Pb-0. 10
mg - L' Cu AbFRZA M4 2K a FI b 1A 51 W 3 X
T8 (P<0.05) , 3 BIE X BRI TN T 2. 5% Fi1 6. 6% ;
1M 100.00 mg - L' Pb=1.00 mg - L' Cu F1 100. 00
mg + L7'Pb=10.00 mg - L' Cu AbBRLL I F 43K a FI
b A I T X R4 (P<0. 05) |, 43 4 v BE 21
AR T 23.2% F131.7% .29. 1% F1 34. 2% ., FWAE
100.00 mg - L™'Pb Wil 2504, A8 I v Joa £ v B 1)
Cu AT fINEE X 55 i &) 5 it i R R R R B, 5 ]
— 30 ST i AV AR R ARG b R A A
T TSR T T e SR B 0 AR A A AR

H12¢ 3 00T LLE ), ZEANE Ph-Cu 5 A Whin £ 44
T, DA AR a 5 b S R 22 S AR
#/17,50.00 mg - L' Pb-0.10 mg - L™ Cu #1 100. 00
mg + L7'Pb-0.10 mg - L™ Cu AbBRAH A4 a 5 b
B U ABLAIG T X BB 2, oA Ak B 24 85 o F X6 BB 2 (HL R
IR E I K

£3 AREKREREP-Cu EAMENDIHLHEHEHEFEESENZI(XSD)Y

Table 3  Effect of Pb-Cu combined stress with different concentrations on chlorophyll content in leaves of Iris lactea Pall. var. chinensis

(Fisch.) Koidz. seedlings(X=SD)"

}:ﬁ%ﬂ?rg/mg - L' Concentration /F",\%/mg . g’l Content
- cu % a MG b a’b
Chlorophyll a Chlorophyll b

0.00(CK) 0.01(CK) 0.682+0.001b 0.196+0.004b 3.480+0.072ab
50.00 0.10 0.346+0.003g 0.104+0.005e 3.324+0. 134b
50.00 1.00 0.417+0.002f 0.115+0.001d 3.623+0.030ab
50.00 10.00 0.486+0.002d 0.137+0.006¢ 3.540+0. 127ab
100. 00 0.10 0.699+0.005a 0.209+0.002a 3.351+0.013b
100. 00 1.00 0.524+0.005¢ 0.139+0.008¢ 3.769+0. 170a
100. 00 10.00 0.466+0.003e 0.129+0. 008¢ 3.620+0.202ab

D[]8 rp AR TR B /NG iR R 22 5 8 3 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.035) ; a/b; M4k
F a 54K b S =ML Ratio of chlorophyll a content to chlorophyll b content.
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2.4 Pb-Cu EEMEXSE4EM F SOD 1 POD
AR R0

ANF T E R BE Ph—Cu 52 A W3 X 25 1 4 i R
SOD F1 POD {G YRR WL 4, 3 4 7T UL, 7EAN )
() Pb—Cu A W8 254~ , B 1 4 i 7o i SOD Al
POD {5 PR & X REA, H 2257 3% (P<0.05)
*4 AERERE Pb-Cu EEHEX T E L &M/ SOD 1 POD
A8 ( X£SD) )
Table 4  Effect of Pb-Cu combined stress with different concen-

trations on activities of SOD and POD in leaves of Iris lactea Pall. var.
chinensis (Fisch.) Koidz. seedlings(X+SD)"

T /g - L7 SOD i POD 1

Concentration Pe/U - g—l /U - min”! - gfl

Pb Cu SOD activity POD activity
0.00(CK) 0.01(CK) 124.053+1.565g 840.00+30. 00e
50.00 0.10 134.210+0. 5761 960.00+30. 00d
50.00 1.00 139.980+1.639¢ 1 140.00+30.00¢
50.00 10.00 208.843+0.375a 1 260.00+30.00b
100. 00 0.10 173.097+0.755¢ 1 610.00+45.83a
100. 00 1.00 180.117+1.567b 1 230.00+60.00b
100. 00 10. 00 170.460+1.639d 920.00+45. 83d

D)5 Hp S [R] 1 /NG b R 22 5 8 % (P<0.05) Different small
letters in the same column indicate the significant difference (P<

0.05).

76 Pb iR EE 4 50.00 mg - L7 3 NP4
W A R B SOD Al POD i 4 34t 3 8 T X
HRZH (P<0.05), H Ff Cu JiT & ¥ B (W #2 = SOD Fil
POD VPR WG ka5, — & n B b A A,
HH150.00 mg + L' Pb—10.00 mg - L™' Cu &AM 4b
FHZH T Rl B ) SOD AT POD {43 1) e X iR 4
BT 68.3% F150.0% .,

16 Pb B E 4 100. 00 mg - LAY 3 AL REZH
W, S A R A9 SOD Al POD I ML 3 W 2 S T
XFHRZ (P<0.05) , 2 B Cu i KB 94 = POD
TEPEZ I N, T SOD I 1 ) 2 9% 8l 19 AR b fa #
100.00 mg - L™'Pb—1.00 mg - L™ Cu AbH 4 SOD 1%
P f R B IR N T 45.2%

DL ESER UL, Ph—Cu &2 & Wkl I X 15 i 4
B B DR 4 i 2R 58 3 s i ELXE SOD A POD
TEYER — & BBOEE R X e — B R b et 1 5y i
X} Pb il Cu AT

39 #®

Cu BHEYAERA T LM BEICRZ —,EH

(AN Cu BEAE HEAR Y A 4K | 98 A 306 358 ol 260 o) A7 400
R SR A Cu AT BEXT R 4 A 4 R IE H
R AR = A R 2 AR 45 R, 7E 50. 00
mg + L' Pb 50.10,1.00 ¢ 10.00 mg - L™' Cu (Y &
B 5T B BT W Cu I AETE AT — R 22
fi# 50.00 mg - L' Ph a6 X 2 i 4 v A 4 9 7 FAE
M, BAREI N . 7E 50.00 mg - L7'=10.00 mg - L™ Cu
HEMERMET, DL ke AR b5 o5
Bt AT M R A TR M SR a il b
il M SOD Al POD T 55 S WA 49 A6 K A R
PERFEFR I T 50.00 mg + L' =1.00 mg « L™ Cu &b
L, XM R A BB g A R AR
HIF R AT B EAE Pb—Cu A WHESME T ,Cu 5 Pb 38
G B A, (5 i 4l X Ph AW D, AT R
i7" Pb XJ 5 g 4y AR ORI AE BRI

7£100.00 mg - L™'Pb-0.10 mg - L™ Cu E &M
AT, S A pkk e AR M b 43 R R S A
(R fif o B Je TR SRR a Al D E LS SOD
F1 POD IE PEFHEA 1 #0 b 2  T X B 40 (P<0.05) 5 1
7£100.00 mg - L™'Pb—1.00 mg + L™ Cu & Wil 514
T, I L AR R A R N T DA
it SOD F1 POD I PR L34 1 2 i TR IR, R WATE
BRI EERY Pb A 54T B In—E 5/ Cu AT S
ThiE 4y i B B DA AN, R S T 4 R
Ko, X5 EF-4E %)) H 2% ( Helianthus annuus 1.)
LIHT T ST 45 AR, FEHLHI A fr e — 25 5T

7£100.00 mg + L' Pb-10.00 mg - L™ Cu &
AT, gl pR e AR H B A T A
Sy R EE T i T BT Y B, M4 a Al b & bl
BEMT X (P<0.05) , REATE SR IE Pb s 554
TFEINE R E Cu AMEASBESE M Ph X Ih i 91 1
FAVER, B 20 T 1 )y i 1 A A R A B R A2
B E P RIS T i A Cu AT i
A AR AT ICE , C B BHAT 1 4 1 1w AR K
A -, JF 5 Pb PRI F 2 W] BE A5 5 1 4)) 1 1
WA A R A AR 3

AR AE B 100. 00 mg - L7'Pb 5 0. 10 8§
1.00 mg « L™' Cu M & W0 50 F , 578 4 B 1 Bk
Fo MR b S 43R MR S A ) I e R T R A
Rt a il b & L& SOD il POD 5 M3 & T
50.00 mg + L' Pb 5 0.10 5 1.00 mg - L' Cu &M
JBACFRA . RUITERSURIE Ph BHA S5 0F T BN



30 W) B8 IR 53R 5 o 4R

F19 %

WS Cu, RS B B b Z2 M Pb W 3e XoF o 0 )y v 1) 43
VERT, T L B 1 41w AR A A AR BRACINE A — RE i fie
AT, o VR AL A i — A5

S TERI B T AT Pb 15 YA P18 &2 0 55 B
AR AT LR IR IS Cu /Y75 54 &5 B i % Pb
AR (EL Cu B S 06 RO AR B0 i35 e K AR B 1 S v
Ph (S Fr 5 B R TIE IR

SEH .
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