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Pb MG EER FENEERTHERE
LB I 342 38 1 45 44 B 52 1l

. 1,2 2 2,
R IO EF RS
(1. MR K2R 202, mat 210095 2. VLA T ERHABEAE IR 0T , m A, f 5t 210014)

FEE W A Ph e ARG R B RS P IR R T TR 85 5T P X I i (Iris lactea var
chinensis) A= A P 43 B TR AR L KSR S R R 52 45 SRR W] .2 PO IR] -3 Ph W38 T B i bk e RS R
Doty b M N FBA Wy R RE Ph v BE R34 0 5L Se i 5 MR S, b R P A R AR T 500 mg/kg Pb JikA (T1—T3) it
T S Rk R ARG L 1Y 800me/kg #57 Ph Vi B Ab FRIN T i 2F 4y A BRI B (P>0..05) 5 5 80— -4 Ph Bt AH 1, 4
G e RIS LI DA RE R AR T WK R X B R R AR AR R B RO, R 100% R TS Y I
ARTER Ih i AR R AR YRR A B (P<0.05) , Dhii i FI AR R Ph A R Ph ¥R BE RS A 5 AY 36 i 3
i ,800mg/kg 35 Ph I8 T 4 340. 6 .1700. 02 mg/kg ,100% B 7542 +IHALH T 4 126.9 1725 mg/kg ., Pb Hhfifa T 5
i b 38 Zn B RS Ph A EEAGIGINEET %, Zn A Ph TR ICERI M —E RPN AN [FI42 L vs G L e TN Th T L 1
AR Zn FURIE Pb —HE BB+ 3D Ph Zn ¥R R IR HE I, Zn A1 P AW CR B0 —Fh R [R50z . 7 2 FOA Te] 38 Pb
36 T SR Cu Cd B WIS AR XD, BFFE Y, 800mg/ kg Ph [ Ak BEF 50% FE D 4 S8 i1 b BT T i i F 244 XU
IR B oA S R RIS A PR 5 4 5 % B LU B A AN R 25 B3R W], ES T XS T 43 i Ph A B0 i 521, LA B2 Ph i5 U 5 e
REJT .

KRR - Pb 5 il BUR SR B A

Effects of Pb on growth, heavy metals accumulation and chloroplast

ultrastructure of Iris lactea var. Chinensis

YUAN Haiyan'*>, GUO Zhi*, HUANG Suzhen®

1 College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China;
2 Institute of Botany, Jiangsu Province and Chinese Academy of Sciences( Nanjing Sun Yai-san Botanical Garden) , Nanjing 210014, China

Abstract; Effects of Pb on the growth, the uptake and accumulation of lead (Pb), zinc(Zn), copper(Cu), cadmium
(Cd) and chloroplast ultrastructure of Iris lactea var. chinensis were studied by pot-culture experiments of the soil treated
with single Pb and that treated with mixed Pb and Zn tailings. The results showed that the seedling height, root length, leaf
number, shoot and root biomass of I. lactea var chinensis were all increased first and then dropped in two different soil
treatments. The seedling height and root length of the plant were increased under lower single Pb treatment( <500 mg/kg )
and slightly decreased ( P>0.05) under 800 mg/kg Pb in single Pb experiment. Compared with soil of single Pb stress, the
soil mixed Pb and Zn tailings also displayed a promoting effect on the height and root length of Iris lactea var. chinensis
when Pb and Zn tailings in soil below a certain concentration. Only under the treatment of 100% tailing the shoot and root
biomass of I. lactea var chinensis were decreased significantly compared with that of control (P<0.05). The Pb contents
both in shoots and roots were enhanced with increasing Pb and tailing concentrations in the soil. The leves of Pb in shoots

and roots reached 340. 6 mg/kg and 1700. 02 mg/kg, respectively, in 800 mg/kg Pb treatment, and which reached 126.9
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mg/kg and 1725 mg/kg, respectively, in 100% tailings treatment. The contents of Zn accumulated in shoots of the plant
were decreased with an increase of Pb under single Pb stress, expressing as an antagonistic effect. However, the absorption
of Zn was increased as the increasing of Pb accumulation in mixed contaminated tailings stress, expressing as a synergistic
effect. In contrast, the uptake of Cu and Cd are relatively small. In this study, the chloroplast double membrane and its
internal grana and thylakoid structure were almost without change compared with the control under 800 mg/kg Pb and 50%
tailings stress. These results indicated that 1. lactea var chinensis was a strong Pb tolerant species and had the potential to

remediate Pb contaminated soils.

Key Words: lead( Pb) pollution ; Iris lactea var chinensis ;accumulate ; ultrastructure of chloroplast

AR B T AR Y T Jie S 5 i A SHE T, R e A i A KR HIE-HYAE S RS, T3
WP E ARG Y H 3528, RHUE T XA H A2k 5 K fUB B /P Y 2 i B 4 @ V5 e s i B4
J& B E AU SHAFE AR R AR IR R, 51— R0 A AR AL, A R B = 1D TR
[Fil s, A MR MAC ) 4 R S o 1 P e A NS ) i R R 4 R A LA R A 1 R A
IR - P D N e P I e - P LU 57 Y

L (Iris lactea var chinensis) HE B R I8 Z4F 4 RO R , 26090 BRI AL 3 90 25 b iR HT s X
P A R E 2 A Frade AR Aedu S, S ASCEAA T A i ELIE R R ) B
PR, BB — 283 B I e A A BT RE T — R B0t B B A B A 0 TRIEE, AR ok & B A
HIPIXT KR 42 )8 Cd P, Cu %575 Yeif B B R E 7Y Bol K80 55 % W1 %5 )2 Jg ka9 5 1 7
4mmol/L Pb AT T s [ R Pb & 84351135 1109 2408 mg/kg , #id T Ph M 24 1000me/ kg FIFR
W, X 42 IR Ph B B AR 57 RN E AR RE T, e — BB Ph R SRR . E I A Ph IG5 Y 1 R
BErpoxt Ph BRI NS T RIEMRRCE RIS SR O R A IR [ SR 45 1 T AE Y 4 Y
W SCHLERFRR R AE A AT REAE AR R A B, AR HR [R5 352 244 1 Ph W R R 52 22 57, AR 3L
WFFE T AR 4 i 15 e L EREE v Ph 78 B i 44 N B SN 43 A, LA B2 Ph Sk i A K R 48 i e o 45 4 1 5
W), B /R AN [R5 SR 551 T i il R R Ph 922 5, il — D9 Eh il Ph WA 52 25 S ALBE | & 98 5 i
K 4 S BT L DR 1 ol 0 U5 7 e 2 0 UK R 4 R 7 Y18 SR SR I B AR
1 #R5H%

1.1 HEkrRt

BEXABL R 536 (1. lactea var. chinensis) , AR BEE3E TULIRE b BB BEAE ) BF5E BT & A 52 [, #h
T-H R TOME SRR [ SREE S 445 R T, SRR T FH 0. 5% NaCl10 WH7% 20 min, F /K HPEE0KR G 12 Fi
M TR BT TS A DT K E R 15em WP RS — B2 1 .

1.2 Kt
1.2.1  H3es— ph Ml A%

PR HER [ VLI T E R 22 B Y 58 T A AT Bl £ 38 8E 2 (0—20em) , RT3 2 mm i, B 7% +
kg, 2 MRIE 8 T bR i (GB15618—1995) 1) Ph( mg/kg) % E 5 PALHE 43514 CK (0, REHN Pb) |
T1(Pb 30) .\ T2(Pb 300) .T3(Pb 500) T4 (Pb 800) , FALEE 5 YR E R , USIIEZS A Ph(NO, ), , LEBR L i
InEl e FERE N 1A AR RS AR 3 MR, AFREE I DR UE FORK, O 45 0 B Sy [B] 5 7K 2 11
60% —70% , 3537 2 A~ H Ja BUSE S AR AR T 45 048 ARl 2
1.2.2 RS 55 S

BEK AT P ERNE AR FE T I+ A e R 5 Y+ TR A I R ER A R LA
BER X, ARt 1. Ske, 30 5 NMCER ISR EER SIS H IR A R R (T E) I, KK CK(0% ) |
Ti(15%).Tii (30% ) .Tiii (50% ) \Tiv(100% ) ,F:4bH 5 RER 7R E NP 1 S H IS RZEBR 3 P,
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DAFREE IR GEHE [ ORIK, s 608 5 R RE K 1Y 60% —70% , 25 A BRBEALICE TR = h 15 9% 2 A~ H
SEREMARIEAT S TR R E . (il I EEA MM R G R S R 1,
®1 HELEREUER

Table 1 Physical and chemical properties of the tested garden soil

4N 4P HA T AL
pH AL . . .
9= iE . Total Total Available Available Available
(H,0 bogi s Organic matter . R .
KEH 1:5) /(&/kg) Nitrogen Phosphorus Nitrogen Phosphorus Potassium
' g /(e/k) /(&/ke) /(mg/kg) /(mg/kg) /(mg/kg)
7.21 16.62 0.86 0.29 33.54 7.03 148.93

1.3 J@EmHYS b %2 MXtEELESE

j:i% % 7'< H /f’t "‘i E\% :Ef + i% Z? ’pﬁ 7% ﬁl-* 57\ *ﬁ {£ Table 2 The heavy metal contents of the tested soil
et s i+ R0+
S L RIAR 2R A A A6 A B Garden soll_ Talings ol
B T 22 B Tk b T WK 400 T 25 1 K43 4= Pb Total lead /(mg/kg) 31.35 389.16
0 E AR 240 HF 105°C F 2575 2 h. A E1E 60°C T4t 4= Zn Total zinc /(mg/kg) 52.02 231.72
’ o . 4= Cu Total copper /( mg/kg) 42.29 158.13
TREEERE, 4> Cd Total cadmium /( mg/kg) 0.47 19.41

FE ) B 4 8 T 3R B il < T 2 A
Hi 1 OF AR R B 3G I B S R S R IR ),
HNO, :HCIO, 87:13 {R & W B 20, 4 b 238 TN as Ba v i, AR EUNE0h 5% B IR 2 25 2 20 mL,
Hitachi 180-80 JCHA R F US4 S B TN B 4 Jm TR & i,

R e AR I . B A BB AILBE 10 PR P A K i R e R AR I ke e AR A I T BT 418

I R A 5 A8 R R BSORH [RIR A i R, T 4% B9 86 — e 22 05 F 00 181 22 3h, Rl BsHh A BRIV H R il
1k, H pH 7.2 RS2 MR Pk 3 IR, TR 30 min; SRS 1% IR 4°C T JS [&15E 2h, pH 7. 2 BERRZE vl FRIK
TRYE 3 UK R LRSI 2B R S K , PR AL RS A, 70°C F 24 8h, LKB-8800 KU A AL U1 K-, & B iR
A AT A R A AUEE Y £ )5 JEM- 1008 325 5 HL B LS FREAH |

1.4 FdEsamr
IS BE R SPSS14. 0 BHESE T Hr s A db 47 5 2250 i L 2 Hegse
2 HRE5HH

2.1 Pb X By i A K A 5

Bl 1(A,C,E) R T RRFIMEE Pb(NO,), M0~ D ik AR St B A8tk v LUE Y S ik
1o AR S BBl Ph e BE A3 0 2 SR IS BE R (IR 500 mg/kg Pb JBRE (T1—T3) B34 T HE P i bk
AR, R BIRVR B Ph X S AR KA B AR, Forh 30 mg/kg Ph B8 T S i A = AR 394 i 450 K, 4
ST BB TN 24. 9% 47.4% , MAUHE 300 mg/kg Pb Bl Rk EI K, X BERE TN 15% , 800 mg/kg 1k &
Ph Bt RS S bk AR I BEE T X IR (B 5 A H 22 R B3 (P>0. 05) , UEIH R vk Ph it 3
5 B S M 7 1) 1 AR TR e B i 6 Ph HL A A Y T 37 g

B 1(B,D,F) /R TASE HL B 5 Y e Xt o ik s AR B2, vl LA Y, 34
BERATTE Y% A o BT B AR v AR S B B IR A R BN, 5 B — 5 Ph BB AR T S
PR R AR KA BRSO A X /0N | Bk 3 FIAR K 7 159% B H 375 YLK T g i T X5 B (P>0.05) , i
TFULT5 YRR, S bk R K A Kz, Wi T 50% R AN 3R D bk s AR K AR LRI (P>
0.05), Hrh, EaT5 Y + HExt i it B0 52 i i/ 78 100% AT I T 404 B
2.2 Pb WX B i A i 1 5 )

2 7R T Pb 54 - HEXT Ey i b AR R A5 . AL 2(A,C) FTRLE A [A)vR BE 1338 P

http ; //www. ecologica. cn
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Fig.1 The effect of different Pb treatments on growth of Iris lactea var. chinensis

JHpE T T Ml 5 RN AR R AR W B R N, b IR AR W RN 8. 2% —17. 9% , MR R A ) G iR A
1. 8% —17.5% , b I FRFIHL Z2 A5 40 o 14 MR RN o MR R B 45 A0 B0 1) 22 R R 1 35 (P>0..05) . 52— Pb 15 44y
A EE , AR HC TG G - S an SRR R AR A R i 5 b S RAR FE AR B K (2 B, D) ,15% BB TS
e+ S E T AR T S AR R B A A W 4y L 6T BERES N 10. 1% (8. 5% ,15% —50% BTG
Yy LI S AR R AR S BN B A (H S A L 2 R 3 b 509% BT g+
HERL PR b b AR R A B XS BRRRAIG 1. 7% 14.9% AR R A4 K A3 VR F W &8, i 100% 2
W15 G AR PR My b SRR R AR a3 ) LU X BRFRAIR 29. 2% (32, 1% , it - FIR R 4552 3 1 25 1 5
(P<0.05) .
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Fig.2 The effect of different Pb treatments on biomass of Iris lactea var. chinensis

2.3 Pb Whanxd By iR N E 4 R

KI3(A,C) /R T T35 Ph e N Hi b EAAIR R Pb Zn Cu Cd & REAYAEML, FTLAE ), S i |
FRFIML 2 Ph Bl 3 Ph YR OIS S, 800 mg/kg Pb i T i b [ FB AR R Pb & ik )
K, 505174 340. 6 ,1700. 02 mg/kg , W) Ph ELFRETEMR RIFAL, T W 203 J s 17 M5 Ph, Ktk
T4 LR AR 1Y Zn  Cu A1 Cd, AEPIAR N SRR B2 1Y Zn ,Cu Fl Cd WD, HOR[RMREE Ph Ab 3 [A]
i Cu . Cd W22 A B/, (B ERANANIE Ph JE A4 3 b 3 FIAR R R O K Zn R R R B — e i 22
S, 4 B Zn B BE Ph B0 R BRI R Ph S i AR IR AR R Zn B BE Ph B0 R R i 2R
H A S R AR S R —E R b Ph AR ISR T 5 X Zn AR,

KI3(B,D) /R T AE L BA R R 15 Y L 3E0a T S kb E AR R A Pb Zn Cu ,Cd & A9E4L W]
DIF 15 s e B R R TS e B LR, S B X P Zn BYRR SRR b AR R AR Y
18 Zn>Pb>Cu>Cd ,50% JBA 15 Y+ HEAb BT T i | 3BAIHR R Ph 43310 121 1390 mg/kg ,Zn 54
W1 131.8.1017. 4 mg/kg ,100% A5 4% HHEALHE T D b B ARAIAR AR Pb & 0 126.9 1725 mg/kg ,Zn
TN 151 .832.5 mg/kg |, Zn AAXS T Phb b IS AR I AEXT RS . [RIRE OR[A RS e R T
EXF Cu ,Cd FYSANTD 3X 5 S AR B AE AR/ D R Cu A Cd AT RBAATER R &R
2.4 Pb e X By i i R S (A TS 1 114 52 1)

SRR SEAR PG A VE R G 3 T, A2 200 A v 5 45 e 5 R BEURR M ML 28 . A 5% BB 4 il 5 3
IS A N R AE R HES 2 AL WO, SEREHES Oy ) e | SERL AL J2 S BRI AN T |, e sl v o, B 2 i
PRI ARHIRSE Ph RIE T i I S A R (R A P A OB 5 T S % A X R 4 v A R K A
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Fig.3 The effect of different Pb treatments on heavy metal contents of Iris lactea var. chinensis

Y, Hoh & AR 2 50k RN Sk | R R R HED | B %A )7 e A R S R 25 TEM (E 44,
B) . 800 mg/kg Pb WHAALI N | M-SR IR IEAV A AR, KA o3 Fbi 7 B A AR B IR (G 43
FRLAE R HES LR KL ATEMW (K 4C, D), 50% R AD + 3 a0 kb BER 5 i - A 25+ 5 % BERE L I
T AR, i S iR HA S8R B RUZ BRI, PRIk A S (R HE S 5 B Rk R 2 S5 M o, R
SRR I B 1 B IR B AT AE SR I ) (R 28 R A SRR S P AT ARFHES ), A BE I (R A B LB T T = 24 R
G 4E,F) . £ 131,800 mg/kg Pb i AbEEFN 509% FERD YA BEAR WH S 5455 2 1 - SR A BB Aol 4 1
3 g

Pb SEAHYAE LT ICE  1G FR B 1Y P XY A= K BAT— 5 R E T, an vk B Ph i X 37 2 AR A A=
KA W HIVE R, B 2 B0 — 2 A A2 2500 5 Z5 R 5t K AE 1000 wmol/ L Ph ¥ BEAR B, il HRATMR 4K
HiZ MAKEWRRRMN S ARHF5H, Ph i KT 500 mg/kg Ph e 24758 i 1 2h i i #k e AR
o b b FRN T TR, R BAIRIR S Ph e X I AR K 2 — e iR BVE R, o, 30 me/kg Pb VR Ab
PG I 7 A K B PR 5O S5 oA B S, Bk AR | b R kR S B A3 ol e X BRI 24. 9% 47, 4%
17.9% 17.5% . Zn JRAERAEM A KT EFRITER B Zn [7] Pb —FE R B )2 R BORBE 15 YL 4 8 T
#,Zn A Pb 3 — @ M B S P e — @ R AR RO AR R[BTSO T A K
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Eild 31 &

PISEM B, 15% B b PR B AR K B — 2 1
SR, X5 PN AES X AN [F] R 2 o A Ak -
TN A ARG AR, A 1 LB i AR A A2 4
FEEERAA PN Pb | Zn & f 09 3G 0 i 2 G o, (AR T
50% J2 - AL F S Ak K AR AN K, R 7R R
T B3k 100% B g bR S A A W
TR,

FEIXT P (A ISCRE 1 ARAIR, 1) M 135832 4 1 fig
DA, R ZHAEY RN B Ph SRR EHR 25 i
KPR S pd ka3 . HOR IR 332 410 A AL
Pb [RETT b 1R a2 fE ) R B A A AL
W R 2 L RV 3R R Ph UK IR

AAAERT R R o L BE — e 19 Ph, H AR

29 39% REFEIE T 14 ,90% DA LABBLRAEIR R ™, &

BFgEt, Do b - REFIAR 5 Ph R 7E 800 me/kg 4 |

B Ph A T 4334 340. 6 .1700. 02 mg/kg , 7E 100% &
W5 AL R O 126. 9 1725 mg/kg , AN A4
RIS 22 B T4 1 76 4mmol/L Ph ¥R 35 i b 3B A
AR Ph S0 B3k 1109 2408 mg/kg'® , S BESIF
ZAF T Hi Ph AR A B, R LR S B
SR Ph WURRE T, (R 57K BE AR HE Ph B8R B KR
BETR R U F 1l bR R dRA Oy 2, LR R T
Ph (R 7K ¥ PEARAR LA B - 338 v ] Bl A 0 W A 1) A 28
Ph i #/0 A7 52 T Zn 8 W BEAS [ B 3R ER
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Fig. 4 Changes of leave Chloroplast ultrastructure of Iris lactea

var. chinensis under Pb treatments
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