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Abstract:
China. In this paper, the influence of combined HMs stress on the growth of widespread plant-S. salsa has been studied. The
stress gradient of combined Ni-Cu was set based on the local environment and pre-experiment. Seed germination, growth,
physiological characteristics of S. salsa were investigated by the control test, and its heavy metal bioaccumulation capacity
was investigated by samples collected from field platform. The growth of S. salsa was promoted at lower concentration

Nickel and copper, as high toxic heavy metals (HMs), are the most serious contaminants in Jinchuan mining area,

(<40 mg/L) and inhibited at higher concentration (=80 mg/L) under the single HMs stress and combined HMs stress

(Cu20/Ni20). The malondialdehyde (MDA) content was increased with increasing concentration, and the soluble protein and
free proline content in stress group were higher than that of in control group. Under single HMs stress, the peroxidase (POD)
activity increased with increasing concentration; while under combined HMs stress, the POD activity increased initially and
then reduced. Cu320 and Ni320 combined HMs stress inhibited the growth of S. salsa at all concentrations. The average
translocation factors (TF) of S. salsa were greater than 1.00, and higher in leaves compared to stems. The results of
bio-concentration factors (BCF) of S. salsa show that BCF of leaves were larger than that of roots and stems. At lower
concentration, the combined HMs stress promoted the growth of S. salsa in comparison to single HMs stress, however,
opposite results were obtained at higher concentration. Overall, S. salsa showed high tolerance to Cu and Ni and stronger
capabilities of HMs uptake and translocation, and therefore, it can be used as an alternative plant for the bioremediation of
heavy metal pollution in mining area.

Keywords: Suaeda salsa, germination and growth, bioremediation, Ni-Cu stress, bioaccumulation capacity

FEEJRIGYE S RERYERE, 2014 4F (4
[+ s gk vl A R ) MR, RE A
FIFEFRR A 16.1%, 15 YA LITCHLAN Y 3. H
NI Fll Cu BRhCALTS Y s A bR R 55 5
4.8%FN 2.1%, 43l F 4 & 15 ey B 56 2 47 Fil
55 47 IEE S BTG YR AR Z |, Ovecka
M TakadPHA A BRE 48 J0 K 1T S8 5 1o
X Ab,  HoAthtth DX () 5 4 J@ 15 Yo AR - AT 5
YRR . AR TS YA R Y A K 3 U™ Y
fodE, HEdHYEELREYEE. BeENZ
AL ) = S 3 Aok oA R SR 200 i P [ ke B AR EE
&)@ i e 2L

Cu Ml Ni AW A KK BT B 2

http://journals.im.ac.cn/cjben

mIOLR, ERER eI EREST, Mk
BE B 2 X R P A i . A NI A R B AR A 1 R
AR AT Ni R HTE 15-20 mg/kg T, Cu
fi R 1-20 mg/kg TS, Cu Al Ni Ay EEVERBL
T R 4 e i1 FUHT BRI AE N 07 2 AR B
RO EE Cu R Ca¥ R K, &
VB N B AR A 9 19 Na ™ KO Ca i 2 1)

AT EE LR, Wil Cu. Ni
FAJE YR FE X, $N R R BT
KHEETX HEPA Cu. Ni FEMESE R
397.54. 340.57 mg/kg, G T2 H 37T =1
(Cu: 24.1 mg/kg. Ni: 35.2 mg/kg)., W% Suaeda
salsa (L.) Pall &4 B #" X FLECH UL Ag — Rk A= 4



Bk SEERESHETRERRERREESI

Yy, BAHF R TR B A R sz T,
PUAE S F 5 4 J@ 6 W% 1) B B oY EBAE P
Pb. Cd A1 Mn"7"", i & Ni #1 Cu X2 40
T4 )NV DX T8 VA P A 2B K R B R Ml A A
GREE WARIE . T R4 IR X Cu Fl Ni X
B3 1A s D R o T 4 R s AR AR T, AE TSNS
MYBEAT b, SRS AR AT, E Cu. Ni
—MIE G WE , DA [E I E A T s T
K AR IA AR AR AR A 0 S AR Y A S
THESEEEMEREE, b X E4 85
Y& 5 RS B AL IR BRI LS AR

1 #REFE

1.1 Rt
1.1.1 FFiERR

2018 4E 10 A A4 )18 X 81 58 R AR 6
Fit FZE S. salsa #h+ (T-HRLE 0.605 8 g, A S5
B R ik ) o IR T AR R
CuSO0,-5H,0 (4317 4k), NiCly'6H,0 (73 #rék).

WeHi4: B T IEH 5 H (Cu: 24.1 mg/kg. Ni:
35.2 mg/kg) BTG R WK EE A/ IME, 61 XS
M Cu. Ni F&EFHME (Cu 397.54 mgkg. Ni
340.57 mg/kg) Wit 4@ W i KAE 5 LA ik A7
e T4 B DX R 20 A 358 AR ) B 3 A o S 50 AR
Y1 SEE TR A ERAT  E BE R A 4
ETIX 4 F o idiaE AR TR R B SR W R B Y
OV . SR B AUS B A BE E .

F1 ABRLAERIEKEMELE
Table 1

Fi I bR € R 45 30 AR & 2F 300 ) GB/T
2930.4-20172%, SRR FRIMAC ik, HeBCHR i
. THAE S RIRE R T 50 R, B FEAZ 90 mm
i 3 2RI . B TR AR
R FRIRE A 25 °C/20 °C (B/#7), YEFEH 14 h/10 h
B/, JEi 5 000 lux. 3 REE . KB
F 1R
1.1.2 BEELREEEMEBEINE

SR B Y B A e A SRR T, 2019 A
5 A, EHRAT XI5 G S ESBE TRV
FEHLO 4 B S IRl e b A iR B S R EE 4
JEAREERRIA L, AR RH L (T, JRE
St (T2, &EWHMAZ NZEESTHA T
T ) FEAS R (T3, Bk 11,
RAVR ARG, JFEAS MR (T4,
FRmEbe 10101, PRk AR HE) AR 4+
MY EE+RERY (TS, FiE 1010 1) e Lk
YA A B U P rp i Rl , Y H )4
F 2019 4F 10 AR T ik 538 L3 rh iz A
PRAGHRJE Bl 8 (MR R 5 cm), J143 5 sz Y
R, ZER, HmEEAYFRE S RR . ZERMt)
1E 105 CHEF th 237 30 min, T 70 CHLEfH & ,
SRIGHRES . 10 . %48, AT Cr. Ni. Cu. Zn Hl
Pb SillE . B AT WS . 0. R4S,
FFMELHE Cr, Ni, Cu, Zn, Pb &A1
pH. pH H pH 1(PHS-3E, i E#EH T4 BRA )
K (ke 51y, 4JEoc KA kIR

Information about the experimental treatment and experimental concentration gradient

Stress treatment

Concentration gradient (mg/L)

Gradient 1 Gradient 2 Gradient 3 Gradient 4 Gradient 5
CK 0 0 0 0 0
Cu 20 40 80 160 320
Ni 20 40 80 160 320
Cu20 (Cu+Ni) 20+20 20+40 20+80 20+160 20+320
Cu320 (Cu+Ni) 320+20 320+40 320+80 320+160 320+320
Ni20 (Ni+Cu) 20+20 20+40 20+80 20+160 20+320
Ni320 (Ni+Cu) 320+20 320+40 320+80 320+160 320+320
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Fig. 1

The germination ratio of S. salsa under Cu and Ni stress. Horizontal axis represents the concentration of Cu**

under Cu, Ni20 and Ni320 treatment; while under Ni, Cu20 and Cu320 treatment, horizontal axis represents the
concentration of Ni*". Different lowercase letters meant significant difference gradients in the same treatment at 0.05 level.
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Fig. 2 The bud and root length of S. salsa during the post-germination stage under Cu and Ni stress. Horizontal axis
represents the concentration of Cu*" under Cu, Ni20 and Ni320 treatment; while under Ni, Cu20 and Cu320 treatment,
horizontal axis represents the concentration of Ni*". Different lowercase letters meant significant difference gradients in
the same treatment at 0.05 level.
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Fig. 3 The MDA content of S. salsa during the post-germination stage under Cu and Ni stress. Horizontal axis
represents the concentration of Cu* under Cu, Ni20 and Ni320 treatment; while under Ni, Cu20 and Cu320 treatment,
horizontal axis represents the concentration of Ni*". Different lowercase letters meant significant difference gradients in
the same treatment at 0.05 level.
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Fig. 4 The soluble protein content of S. salsa during the post-germination stage under Cu and Ni stress. Horizontal
axis represents the concentration of Cu*" under Cu, Ni20 and Ni320 treatment; while under Ni, Cu20 and Cu320
treatment, horizontal axis represents the concentration of Ni*". Different lowercase letters meant significant difference

gradients in the same treatment at 0.05 level.

B: 010-64807509

M: cjb@im.ac.cn

499




500

ISSN 1000-3061

CN 11-1998/Q A T2 Chin J Biotech

(2 cu
100 1= Ni20 a

I \i320 a
_[L_Jck a
= 80 AN by a b % a a
= Cu20 z
= Cu320 a a
S0l o bb, a0 ¢ ; ‘H 7
5 F "R 7 ol 7Eb 7=l
= d
8 C
o 40 (Y c
£
a
8 20+
=

0 . . . . . .

CK 20 40 80 160 320

Concentration (mg/L)

5 Cu. NifMETHFHBERESHERIE (Cu.

the same treatment at 0.05 level.

B I3a 43 5 21.2%F1 9.8%, % Ni320 &4 i
A3 K 15.1%F1 36.4%. NiZ ¥ 160, 320 mg/L
BF, NI B — 30 e T 125 I 208 1 f ¢ Cu20 &
WA B 20.3%F1 16.7%., Ni B— k30 5%
e AR % 3 T Cu320 B & .
2.2.4 POD &

Cu. Ni Xt ZEA08E POD ¥4 M 1 5 i Il
K 6. 6 AARIMGAT, % POD i 1 ffii i ik
FEFFE R FI . Cu20. Ni20 & 4 ihia sz
POD {5 P B 38 e B 5 55 Tt 522 JRy 35 S T P R P
TR, BARETH RS ; Cu320. Ni320 ZA
Joiri6 0835 POD T 4 Bl Foip 16 VA B v 22 JE B s 7
BT RER B, CuMkE 320 mg/L A iz
POD 7iPEfR K (1 521.65 U/g FW); CK /)
(634.09 U/g FW),

Cu® VEFE N 20, 40 mg/L B}, Cu B—ra 6
% POD I P45 Ni 5 — 38 23 511K 6.3%71 25.9%,
A5 Ni20 & A i 43 5K 38.4%F11 36.8% , 8¢ Ni320
A E 2 B 42.1%F0 21.3%. NiZ V& EEH 20,
40, 80, 160 mg/L I} Ni BA—Jifif 3% POD I 1

http://journals.im.ac.cn/cjben

Ni20 1 Ni320 A 3B TH##HKERT Cu’5RE, Ni. Cu20
1 Cu320 & IB THEMKRERT NI RE. FARNEFERRIE—LELREE B E P<0.05 K EFERRE)

Fig. 5 The free proline content of S. salsa during the post-germination stage under Cu and Ni stress. Horizontal axis
represents the concentration of Cu*" under Cu, Ni20 and Ni320 treatment; while under Ni, Cu20 and Cu320 treatment,
horizontal axis represents the concentration of Ni*". Different lowercase letters meant significant difference gradients in
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W 2. R R, B R Tk 13 (pH
AR Ny 8.43, 8.45. 823, 8.12 Hl 8.73), it
DI 8 B0 A5 28 3R B 05 YR BOR /NI
K T2(0.21)<T1(0.38)<T4(0.92)<T5(13.09)<T3(37.77);
FKHITLA T2 W LR EERITY, T4 11§
ATl FUIRAS, T3 F TS PS8 T E 5 4wtk
Ao Bk T2 8P mGENM B Zn & 85 AR R F £
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JEL PR - L B IR N A R O T A A
Zn>Cu>Ni>Pb>Cr 1 a#,
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6 Cu. Ni BB T FEBE POD SE%(Cu. Ni20 #1 Ni320 I8 THHKE R T Cu® 3R /E, Ni. Cu20 1 Cu320
WETHBRERT NTRE. FRNEFBRRE—LIZREHEEE P<0.05 kK TFEREE)

Fig. 6 The POD activity of S. salsa during the post-germination stage under Cu and Ni stress on. Horizontal axis
represents the concentration of Cu*" under Cu, Ni20 and Ni320 treatment; while under Ni, Cu20 and Cu320 treatment,
horizontal axis represents the concentration of Ni*". Different lowercase letters meant significant difference gradients in
the same treatment at 0.05 level.

*2 WERABLIE. R. ENHECRESE

Table 2 Heavy metals content in bulk soil, root, stem and leaf of S. salsa

Soil Part Cr (mg/L) Ni (mg/L) Cu (mg/L) Zn (mg/L) Pb (mg/L)
T1 Soil 51.80 31.20 43.20 134.00 36.00
Root 1.23 2.91 8.08 40.30 0.72
Stem 2.11 1.43 5.66 22.00 0.92
Leaf 2.51 2.77 7.68 61.20 2.70
T2 Soil 45.60 24.80 25.00 46.70 18.10
Root 1.15 1.23 5.09 27.90 0.65
Stem 0.81 0.98 4.20 14.00 0.75
Leaf 2.15 2.36 15.10 336.00 4.78
T3 Soil 364.00 129.00 1 483.00 15 232.00 2 582.00
Root 2.06 1.80 18.10 97.30 7.55
Stem 1.39 1.43 6.99 50.90 2.88
Leaf 2.38 2.11 5.25 45.70 1.26
T4 Soil 100.00 78.50 91.10 335.00 73.40
Root 1.64 1.96 7.34 34.20 1.63
Stem 0.88 1.45 4.58 15.00 0.62
Leaf 3.70 4.68 9.01 46.50 2.60
T5 Soil 238.00 132.00 957.00 5165.00 957.00
Root 1.71 1.71 9.52 21.90 0.94
Stem 1.19 1.37 8.85 49.50 2.97
Leaf 2.36 2.37 8.30 52.00 2.18
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e ZE A L RELE 3. SR EUR,
B3 I R (R e B R BCRR AR b T % 25 I L 78
. SESBWERRBIT N 25, Pb>Cr>
Zn>Ni>Cu; M, Zn>Pb>Cr>Ni>Cu., f£ Tl. T2
TS =2 e oz 25T P S RBUR K,
T3 1 T4 W2 T3 vh faze 2530 A - Ni i R8 &

*3 WEEMHEBRY

B K, T1 HPGEM P IR REURK, T2
TS Pk L 3rh Zn MFE RS R MUK . TR
i 25T P BRI RS RACKT 1, APy
B RMIIRT 1.

BGEMR . MM ERRBILE 4. 40
N, TS R AN [ R Y2 R R A

Table 3 The heavy metals translocation factor in the stem and leaf of S. salsa

Part Soil Cr Ni Cu Zn Pb

Stem T1 1.72 0.49 0.70 0.55 1.28
T2 0.71 0.80 0.83 0.50 1.16

T3 0.67 0.79 0.39 0.52 0.38

T4 0.53 0.74 0.62 0.44 0.38

TS5 0.70 0.80 0.93 2.26 3.15

Mean value 0.87 0.72 0.69 0.85 1.27

Leaf T1 2.04 0.95 0.95 1.52 3.73
T2 1.87 1.92 2.97 12.04 7.39

T3 1.16 1.17 0.29 0.47 0.17

04} 2.26 2.39 1.23 1.36 1.60

TS5 1.38 1.39 0.87 2.37 2.31

Mean value 1.74 1.56 1.26 3.55 3.04

F4 WER. ENHEERY

Table 4 The bioconcentration factors of heavy metals in the root stem and leaf of S. salsa

Part Soil Cr Ni Cu Zn Pb

Root T1 0.024 0.093 0.187 0.301 0.020
T2 0.025 0.050 0.204 0.597 0.036

T3 0.006 0.014 0.012 0.006 0.003

T4 0.016 0.025 0.081 0.102 0.022

T5 0.007 0.013 0.010 0.004 0.001

Mean value 0.016 0.039 0.099 0.202 0.016

Stem T1 0.041 0.046 0.131 0.164 0.026
T2 0.018 0.040 0.168 0.300 0.041

T3 0.004 0.011 0.005 0.003 0.001

T4 0.009 0.018 0.050 0.045 0.008

T5 0.005 0.010 0.009 0.010 0.003

Mean value 0.015 0.025 0.073 0.104 0.016

Leaf T1 0.048 0.089 0.178 0.457 0.075
T2 0.047 0.095 0.604 7.195 0.264

T3 0.007 0.016 0.004 0.003 0.000

T4 0.037 0.060 0.099 0.139 0.035

T5 0.010 0.018 0.009 0.010 0.002

Mean value 0.030 0.056 0.179 1.561 0.075

http://journals.im.ac.cn/cjben
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POy M>R>ZE . BEJRW T EERBEE N
HMZE, Zn>Cu>Ni>Pb>Cr; M, Zn>Cu>Pb>Ni>
Cro b, T1. T2 Ml T4 =R 575 45 50N T
1 ErhEE IR N E A8 SR s T T3 Ml TS
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3 Wik
3.1 Cu. NirEWHEMNFIRLNFIN

T 4 VA 4 B BRAE A8 5 2R B I A A
R A AR R IR e 02 &
TERIE R MR T WA i Z M FE AR 2 — 5 AR
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YRR DL B4 bR . AP R, Ni Xl
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AT SEPOIF ST S5 VAL, 3K AT e A Ay g
F Cu MITEREE T Nio R EE A Mo e Em
HERZ, Cu, Ni EoNHEHUEN,; SWERE Ghia
P EE & ZE, Cu. Ni HoMMEVER, XS5k
SEUSIR AT ge 48 2K, X AT RESE KA Cu #1 Ni 4
R A K T OGRS Cu™ il Ni™
B2 Kb T B3 A R TR SR VR S L A ke A
Ko, TR U o T e e S L, A s s A L,
JIT A i 38 2 B AR IR T XT R4, 5 Zhang
U R gE 48 R0l o B 2B K 52 200 il AT RS2
K Rt i T ENESRBIE T A ESE
B UE AN, 1E AN AL, R g
FEAR SN M AT 225334, Sl 28 B oz 10 A= K
(1024231 74 )8 Cu. Ni Wil T osiaE 4k K2 5™
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MFEEKZMWESLSE (Cu: 52.7%, Ni:
62.9%) 0V, i 5 4 a8 A a5 B L B A o v
TNCY, 2 AR AR 2R A K2 B i A
Hile Mz, RHEE Cu fl Ni o—hia f &
PEHTZER 7 &, M Cu. Ni —FE G
P a PRI ks AREE Cu. Ni BE—FE A
Jop 6 42 A5 2R P ARG, VR EE IR 2E K
A BT Cu AN Bl #R 0 e AR i A 1
55 R ) B — B A G, A A T R
2R AR A A BV P TR o, SR IIAERE 2F K
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Bt AN ZE A R B SR 2 0 4 TR AT PO
3.2 Cu 5 Ni B i EFHE KN
Cu 32 F5 02 g R AT 5 i 52 g ™ A 3 1
S ROSY!2BL NG BURREE 5 54
ROS, {FLAE 120 52 WA 90 41 i N 0 S f Tl A I il
O HE ALY IO TE BT ROS & 1'%, ROS
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4L (POD. CAT #1 SOD ) FHEREH4T A 1L
Pl (PUORILER | Brfs | I 2R R4 e T kS ok
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R=8, BRI SR 20 B R B RR 2
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TAERKKEAEBEMEN . FTHEEE A2
ARG 2R G0 B R Ay, R 1 T 3
IR, IR R R I ) R A R R
LY, @A ESEER ROS (HEE
FEBIL), B kA0 AR P N A
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PR T S AR 0 O AR A S, (R B
18 2H B T R T AR CK i 1.8%-284.9%;
it 2 IR S R R BT CK, 5 AR
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B fE4AHEEMHAT, ZEWIMEE POD IE MK
ERSETHERER S (R 40 mg/L),
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0 1) e A 3R B0 S B B 4 AE A D R DY ) i
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HERNNESR LRGN, METEER
TP, & AR REU WA Y T PR EE 4R
BE 1. B0 45 B BN, Bil3% BCF w>BCF #>BCF =,
X — 45 R A S POUR i BCF 5>BCF >
BCF MR AR, XAl TAMR S
BGE A KT TR, i e S PO T i
TR HE . WF5E ik & BLE X F Zn Al Cu 9
BRE R, SRS s gE R
Gh, BEZEMM RS ES BN EERTS L
B RN B, RUIEEEXY TEERM
AR IIL S RS R TR .

Zi bk, BEASE YL Cu, Ni P
B BT HA B RZEE, X Cu Ml Ni A
B B s BREX T Zn. Cu FI Ni & 2 R 5L
i, ATLLEMHE LT Zn, Cu, Ni =FMESR,
HiEM 3% 28K T 1, Rk EsE%
BRIP4y, T iRA R i E S
AR YT X R 5 T (Cu: 397.54 mg/L
Ni: 340.57 mg/kg), Bk il DIAE AT XAESWKE
FVEE 43 8 V5 YL 18 2 25 e M)
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