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Abstract

Due to the rapid development of human activities and industrialization, tidal wetlands are suffer-
ing from unprecedented pollution and destruction b which lead and cadmium pollution is one of
the heavy metal pollution. While Suaeda salsa has strong heavy metal tolerance, in the removal of
pollution at the same time also has high economic value. In order to study the growth and physio-
logical and biochemical responses of Suaeda salsa under different Pb2+ and Cd2* concentration, the
plant was cultured by vermiculite outdoors, single and combined pollution of Pb%* and Cd2+ was
carried out. The results showed that the plant height and contents of SOD, Pro and MDA in seedling
stage and flowering stage of Suaeda salsa were significantly different. When the Suaeda salsas
were responded to the Pb2+, Cd?* single and combined stress, SOD activities responded quickly at
first, Pro’s osmotic adjustment would be activated after SOD, the disorderly MDA contents real-
time indicated the damaged conditions of cell membrane. In conclusion, Suaeda salsa had strong
self-adjustable mechanism when under the Pb%+, Cd2+ stress treatment and which have potential
for restore the Pb2+, Cd2+ pollution, which provide a theoretical basis for injury mechanism in
which halophytes Suaeda salsa restore high saline areas, such as coastal wetlands and resist the
heavy metals contamination.
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1. 5|

Tolk A G AR R . NG IRn, TR AR, SRR MR E SR S AR, IR
IR EZS RS0, RS i, TR 20 4 B ol 5 AR RIS A BRI T RESE R (L] [2].
Pb** . CA*™ st EKIAEL FHILR[3], We FRMILT:, MY R[4, ERMan, RPfER
R, AL 22 85, W%, DNA BEIR[5], R I 1 (1) S5O [6]FH 350 70 B M PR AR [ 7155 .
BN, HOCHERTEAE AR Y AR B SRR [8] . FEART AR SR A, RO A AR, G
WA N B9, 1 IRl i Ak, B B 4R Ak W 84k B (Superoxide Dismutase, SOD) & . A — ¥
(Malondialdehyde, MDA) & . % B2 (Proline, Pro) & & 254 A Ab 35 bk & A2 284k [10] [11] [12] .

3% (Suaeda salsa) /@Al RA L —FERREEHAMEY), & Wb AR, fEHE. 3.
H.oBE. &L W . USEXNE 0. E 3~6 H i, 7~8 HNTEN, 9~10 A N4, 11 AN
FFAREIA[13]. B TE T Eh ok, SO LSRN, NI 52 20 Eh B i A& 52 s vz o0y, A E 4
J& BRARBEJI[14] A LA RE 77 [15] BA B0t U iR W 5 75 2 BeAE FH [16] 56 #8A AH DS It i ki, 75—
S MR T DX SR AR R R VR L AR, T RS R R Y Cdy Pb SR EE & JRE([17], #E AR
BB R RSB I[18] . A SCHIF 70 I bR T AN A 2B KB ST B (S B BRI AE9T) , 7 P®* . Cd™ B — J
S BT A B, B 7E 5 ) AR AR AR o KU SR HEAR PR, Co” i R (5 B
JHAB ST 5 4 8 5 Y ) e SR MR I S5 L FE R R H

(=)



http://creativecommons.org/licenses/by/4.0/

T 5%

2. 5 HZE
2.1 WS

Eh HUBRGZE CRAE T-HUN TS R AV HE); YR A (EZ 16 cm, & 16 cm); &1 (¢ = 2~4 mm, EFIEH
2 213 AR, MK E R A K T Ph?. CdP i SHE N E 1.

22. MW

A (HIEIEE R EARdE)  (GB15618-2008). 3Ry SAl & Tl X B +- 3% b iy Pb* . Cd* ik,
BT R B wit, St 16 MNMEHRY, A4 ZEE, WE 2 Fis.

IR T4 5 H(AIEI), 7 HEE)ITEh, IFIRIEN 60 K, Pb* Al Cd** LA Pb(NO;),-6H,0
Cd(NO3),4H,0 FLRGABITE AN, THRHERT 2 &P e . Feah, Hr, AR E 48 1) Xt i
M. ¥F5 H, REKRSHIZHILE, FEREEY, #T ERET, S8 2 8, BEaEAEaTd,
G ARRR 2/3, L Hoagland 3R K = 1: 1 (ﬁ&é@?y 1.6%)E BIWRHE, =AERAIR T RIFE, B
Hoagland & FR¥:i /K = 101 (BhBEZ900 1.6%) & HIWEHE , BE A (R 55 TR E , 18 RE I 2 BT 340 1 75 K
FHB A DA R ) 3R T . S IROCHR[19], 7RI FEIA A BIRIURR R, CABON SR, RER
MRET MR B — S A KR DU (S e B, I L A AL B AL T (SO D) i 1k (SR i DY
W) [20]. A - (MDA) S B (BAC B LL 2R EE) [21] HE R (Pro) & & (BRI Bl = Lb (13%) [22], &R E
HIE 3. BEFKH SPSS 20 4R J5 %43 #1. Graph Pad Prism 5 /E &, 45 5 LABME £hrAEE LR .

3. HRENH
3.1. Pb*, Cd*BExREHkSRE

B L Ar A, Zhii, BEER— CA™ RN, (RRbpinEAEK, Mtk B m T XHR4I(P < 0.05), &
FEARSE R, dMEE AR K, iRk RN T RHEZL(P < 0.05), HIKEEBA, $0HI1FE AR, B Pb™
IR B o bk e A AL HEE . N 5 mgrkg ™t B9 C® 5 s i g4l - k-3 4 T, 0 31 bA
20, 50 mg-kg ™" ) Cd** 55 Pb™ (B 200 mg-kg ' AME A, BIEIBGEA K. ERKER, B4R R

Table 1. Background values of Pb?*, Cd?* in the vermiculite and sea water

1. ERMEKTH P, CAPERE

L Pb** (mg-kg™) Cd** (mgkg™)
%A (Vermiculite) 95 0.1
#F7K (Sea water) AL H A

Table 2. Experimental factor-level table
2. IWHER-KFER

T [X Z (factors)

KF(evelsy Pb* (mgkg ) Cd* (mgkg™)
1 0 0
2 20 5
3 200 20
4 500 50

()
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Figure 1. Effects of Pb?*, Cd?" single and combined stress on the height of Suaeda salsa. Note: Cd?* 0 mg-kg*; Cd?* 5
mg-kgt; Cd* 20 mg-kg *; Cd?* 50 mg-kg ™

[E 1. Pb¥, Cd*#—RE&SBHERS M. : Cd* 0mgkg™; Cd®* 5mgkg™?; Cd* 20 mgkg™?; Cd* 50
mg-kg ™

(P <0.05), H.— Pb®*. Co" fily e {5 Wk e Bt < FE 389 I g /1N, {HL 500 mg-kg™ P ik s ) 4 44 i /T 200
mg-kg ™ ) POt . ghiE IS AEN, ASFKIE Cd* 5 200 mg-kg ™ P R A NG, HREAK TR )
B— P, RICNFEPUER, 8RN ; 5 500, 20 mg-kg ™ ) Po* B A hE, BRI TR
— Po¥ i, FIONWEMEM, Hd, 500 mgkg !9 Pb* 5 50 mg-kg i Cd¥ E A RA T RkE BN,
hEIEFA B3P < 0.05), FFHEMGE, MElAK, XRPTGENH DL KT, Po*. Cd™ ik EAEH
JEYAA . EeEEmEY AR, RIREREEYAK, MIREMEIARK, EE5EMIET[23] [24].
b, PO* BN B E R BN, FEWn R TR ARG CA™ I RS AR SRR ELAE A, X4 A
AR E2]. RIS R I IRk i, RURE P® . CAP BRI K, B4R iiE g
DUNEEELER, HAK.

3.2. Pb**\ Cd”BhiB¥EE SOD &MY M

SOD i M &MU AT RGN B P2k, F BTG BRGS0 i i 0 52 580 e SE A1 55
M B Ve E N R MRaR, TS TR R, WINERPLEGE S, HAKTPER R 5T EN
FebR[25]. HI/< 2 Aran, R, B— Cd* (5 mg-kg 50 mg-kg A g SOD i L TR IR AL,
B — 2 Wk BE I Cd**BE 1% S SOD A AR HLIA ;s Bi— PO e LK SR EE ) Cd** (5 mg-kg ™, 20 mg-kg™)
A MEAE SOD T IERE PO ¥k FE 19 N Je i 5 FRAR, A8 2 3 HUEAE 20 mg-kg ™. 200 mg-kg " f) Pb**
Abs FIRIE M Cd* (50 mg-kg HFME R, SOD iEVERE PO 5 (i n— B R . Pb** 5 Cd™ & & hid,
SOD VEIHEH B2 /N T X RL B — PO* AP < 0.05), UiHIZEE & art, Cd* i SOD W& s m i
K, 2B SOD 4 K.

1EHAEE SOD 514 300 U-g™, BB T4IHIP < 0.01), REHZECHHHEAFEEZN, s
AR RIS SOD WA K(P < 0.05), Pb*. Cd*"fi— K E&MAN SOD iE I && /N Tt
JB41(P < 0.05); H SOD %125k /)N SOD 1 7E 500 mg-kg ™ Pb®* + 20 mg-kg™* Cd** il F&e/hh. X
A HE A BT M K, PRI R T e AR, BLAS SOD Ak thnT 82 S5 N 3 WA
X, VLHIBICETEACI E IR SOD & M SR IE B AP S E IR ST TR .

3.3. Pb*, Cd*BHEXWE Pro SEFI

Pro /2 VR A A 3 A7 AL X — RIS Ry PR i, A7 B RS s, R Rea a5 H A R
BBV, RMIESHIMIhRER e Bk, M RAE e LR TS AE I[10] [26]. &l 3
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Figure 2. Effects of Pb?*, Cd?" single and combined stress on the SOD activity of Suaeda salsa. Note: Cd*" 0 mg-kg™; Cd**
5 mg'kg Y Cd** 20 mgkg Y Cd* 50 mgkg?
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Figure 3. Effects of Pb*", Cd®* single and combined stress on the Pro content of Suaeda salsa. Note: Cd*" 0 mg-kg *; Cd** 5
mgkg t; Cd?* 20 mg'kg *; Cd®* 50 mg-kg

3.Pb?", Cd*B—RE SMBEXIEE Pro E2895M. ¥: Cd* 0 mgkg?; Cd®* 5 mgkg?; Cd* 20 mgkg?; Cd?*
50 mgkg

AL, AET, B PP, CA B AE Pro & RbE E SR IR L RS PR A AR, Pro &
B POZ I B 1 T N B Pro 2 B LT R B — PO? e (K (P < 0.05), 1t B b 4 & 4 & VE I Bl
& Pro SRR, AP E 5 FE/E M B 200 mg-kg ™ Pb* + 50 mg-kg ! Cd**.500 mg-kg " Pb®* + 5 mg-kg
Cd**4b, HAWFEEE G MHAR, 1EME Pro & & B 5 TXHR4L(P < 0.05), BHARGERET R =EZE
PR AN R ThBE 52, A B T IR B, (BYERIRIE PO™ . CAP R A MHA N, Pro i EIKIA
Tifie 12 BIRA . eI Cd* (20, 50 mg-kg )W Pro & Sk PO R R N R R B PO* K
Pb** 5k Cd** (5 mg-kg )R &Ma, MIE Pro &k PO™IREE N THma T %, & HBLE 200
mg-kg ™ ) PO b, BRI XT A1 A i 5 £, IX ATBE S 200 mg-kg T I — P i B A K
K.

3.4. Pb?, Cd*MHExIEE MDA SEHE N

MDA JEAE ) 240 B B AR i S8 A =4 2 — , Be5 4 M PR & b i o i A2 S S, 5 4% g R B ) 7% B 453477
oA B AT DA 5 A it S A P iR 55 e R B SR AR BE [27] . | &) 4 AT, ghiti i), IR cd®
(20 mg-kg )EBHE MDA &R PO WREHINTG NFE, IIAFERIZR) Cd® (50 mg-kg \)ffifHi% MDA
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Figure 4. Effects of Pb?*, Cd®* single and combined stress on the MDA content of Suaeda salsa
& 4.Pb*, Cd*B—RE&MEHIE MDA 22K

Er b PO R EE NS TR S R M. Mo, WK Ph™ (500 mg-kg ) SAEEIKE ) Cd* &, MDA &
B E KT 1 P>l (P < 0.05), FHA T P e N, IS [FIHE () Cd> 35 B R A% o 453403 5
R Cd** (50 mgkg )5 PO* E A1) MDA & & & TK Cd* (5 mgkg )5 PO & &, Ui W% WI7E ik
PR CA® Bt Ry, R AR ™ 8, 7E 200 mgkg * Pb* + 50 mg-kg ™t Cd?* i, MDA & &ik 5 K.
16, Ti3%E MDA & B3 A T4 I 4H, 500 mgrkg ! Pb? 5 20 mg-kg ™ Cd** & & A N 1) MDA & &K
200 mg-kg '\ 500 mg-kg " [ PO* SAL IR CA* &, 5 KT X R — P® il (P < 0.05), #
BIZE R — R AHHA T, FUBHESZHU™E, A CA™ ARk, RIN FEEEM.
4. ¥1ig

KRE W FLFBA[23] [25] [27] (A ESE, 2012; 4R&#4E5%, 2009; FERREE, 2015), (RKERIES
JEXHHEYIE AR, SRR R, BEE SO, ARG, 2hilWmGE s s — Cd e R
Frerix—Hif, (8 — Ph¥ e T, IR (20 mg-kg )i PO (it A K, B (200 mg-kg b)) Pb*
AR, R (500 mg-kg ) PO R T EEIGE A K, HBLRE, X AT RER B TR R PL*AE
TE—FRRUEERL], 55077 [28] 0 Lz 0 B — T I SRR A s SR AL s (ELP A 4k SR 2R, ot B i) ZE
K, TEHIBRCELE AR B T AR R4 R N T X IRAL(P < 0.05), #IHIMER B, XATREREH T0%E
RNER T —ERNESR, FEEEEEK. Rl 5E A Mmiameg, EEKER Cd™ 5 200 mg-kg™
() PO® A e, ket S T AR R B — PO B (P < 0.05), JHiFifEH]: 5500, 20 mg-kg ™
PO A A, Bt B2/ N TR A — PP AP < 0.05), JWFEMEM, JHIEMFEEEHE SH
FEEH - Em TR EHE RS, R 5XIRM0]L Po* . CA™ Wbt . ¥R % [27] A Ph* . Cd*
/SRR At P SRy SRS R B E R I IR e Y N A2 (e DAt S N T e 29 N PSP = N g A
THRE R, RN S ELBAEMANFERTA. B, BREG —CBKAR, G5 TH DR

T I X A (R A R R TR AR I 2 R P M (ROS) AT BRI B2 45, AT e e K .
A4 REAT PRILCE R P & B — S Bk BHAT EL BRI Y, UGN AN IABE[25]. SOD i PE7E H 4@ i
T, A 3 MR [24]: — BRI MG, O REERER T S G N SRR
BT T B, ARG SOD TR & J5 AR I o B— Pb?* it LK 5 20 mg-kg ™ (19 Cd** & £l , SOD
T VEXIEE P 1 N2 T i JE B, 175 5, 50 mg-kg ™ 9 CA** & A kit , SOD i PRt P ¥4 J5 189 hi iy FAAIK
IXATREAZ T CA™ Rk (3 il SOD AT ML 2241, (HIL AR SZ Bl fFE— B it 7t
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S AN, i NN, 7 R T e g A B AR A SOD /b, PRI T AR S A
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gi bprik, #hvaiyl, SOD {1k ReEN B & m AN, Pro fEFEHIHIZIE R 1F A B &
BEARAAN A 2w i, MDA S 2PN, ARHUABR 24RO, HIe P AR Ah 5 B s i ie
LER N Proy SOD AR BRI RGBT AR . (AL, Rl FIR AR A1 57 2 < s ol 1 1)
BAERESF, )53 SOD. Pro Wb FIHT, & EIEYRENAR, HAFESREZ 7, Jraidd
MDA & 5 SE I RALAEM K ZHE I -

5. &g

(1) Po*. Cd**i— K E A S f HEM, RS AN, ROz
K:; (2) SOD H1 Pro i # 4 JR M B EAE T, SOD MR AL, Pro ANJE: (3) TCIRAESN T WL A48,
4 200 mg-kg ™ Pb** 5 20, 50 mg-kg " Cd** & A e, B4R 2 MR ESUEM, b Po® iR E S Cd**
HAENSAMEER. B2, B E 48 b a G MR L AR N 2 v, AN ESEE S
FpIE T A2 1 B B, TR LB X TR MR . R E S RIS e R AR T

E&WE

WA B 8RBl 3£ 470 H [The Project Supported by Zhejiang Provincial Natural Science Foundation of
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