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W I —WeVd 2% (EDTA ) FAEBIBR XS $h s A 1 | 25 P4 . Cd Al Na Wil sgmm . 2558 oR, 5 Cdoso AL,
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ALb FEER b B b, - SR K/Na" | Ca®*/Na', P/Na' b B REAIK; 2B e i 5N T Cd3S0 AbsER b sz 4 135 P/Na' FIAR
#K'/Na", P/Na', 55 Cd0S4 #HIt, Cd3S4 Ab3HERHh B b b FEFIHRT Na Wk B i 34N 32.5%~94.5%, b s b -3
FIARFR Nat i B F AR 21.3%~90.9%; 5 Cd3S0 #H L, Cd3S4 AbFREL M AR M -3 Cd We & A3 ) B 3140 135.8%~
223.6%H1 132.4%~471.5% Hfi/ill EDTA FIAEY iR Cd3S4 ZbFRER HsE H 38 Na Wk B i & 100 38.6% . 56.0%, Na'#
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Abstract:  Objective With accelerated urbanization, industrial development and excessive utilization of agricultural chemicals,
the globe has witnessed soils in a number of regions or areas being salinized and polluted with heavy metals simultaneously. At
present, heavy metal-polluted salinized soil has become a worldwide environmental problem. Phytoremediation of heavy
metal-polluted salinized soil with halophytes demonstrates benign environmental and good economic benefits. However, little can
be found in the literature about how to improve the efficiency of soil remediation with halophytes. The present research is to
investigate effects of two remediation agents on remediation of heavy metal-polluted salinized soil with halophytes. =~ Method A
pot experiment was carried out in greenhouse under natural light. Halophyte Suaeda Salsa was selected as the test plant in the
experiment. Four types of soils were simulated by amending the soil with sodium chloride and cadmium chloride solutions
separately into 1) soil Cd0S0 (0 mgkg ' Cd and 0 g'kg ' NaCl); 2) Soil Cd0S4 (0 mgkg ' Cd and 4 g'kg ' NaCl); 3) Soil Cd3S0
(3 mgkg” Cd and 0 g'kg™' NaCl) and 4) Soil Cd3S4 (3 mgkg' Cd and 4 g'kg™' NaCl). The experiment was laid out in a
2x2x3-factor randomized complete block design (0 and 3 mg-kg™ Cd; 0 and 4 g-kg™' NaCl; 0 and 4 mmol-kg™' ethylene diamine
tetraacetic acid (EDTA) and 15 g-kg ™' biochar). The aim of the experiment was to investigate effects of EDTA and biochar on
growth, ion balance, and Cd and Na* uptake and accumulation of the Suaeda salsa grown in cadmium-polluted sodium chloride
salinized soil.  Result Results show that dry weight of Suaeda salsa shoot was 115.5%-341.7% higher in Treatment Cd0S4 than
in Treatment Cd0SO0, but 62.8%-84.4% lower in Treatment Cd3S4 than in Treatment Cd0S4. With application of biochar, total dry
weight of the Suaeda salsa increased significantly by 328.6% in Treatment Cd3S0. K'/Na*, Ca*'/Na* and P/Na' ratios in shoot
and root of the Suaeda salsa decreased significantly in Treatments Cd0S4 and Cd3S4 as compared to that in Treatment Cd0SO or
Cd3S0. Application of biochar increased significantly P/Na' ratio in shoot and K'/Na" and P/Na" ratios in root of the Suaeda
salsa in Treatment Cd3S0. Na' concentration in shoot and root of the Suaeda salsa increased significantly by 32.5%-94.5%, while
Na' content in shoot and root of the Suaeda salsa decreased significantly by 21.3%-90.9% in Treatment Cd3S4 as compared to
that in Treatment Cd0S4. Cd concentration and content in shoot of the Suaeda salsa increased significantly by 135.8%-223.6%
and 132.4%-471.5%, respectively, in Treatment Cd3S4 compared to that in Treatment Cd3S0. Application of EDTA and biochar
increased significantly Na® concentration by 38.6% and 56.0%, Na' content by 199.6% and 289.3%, and Cd content by 133.4%
and 173.4% in shoot of the Suaeda salsa in Treatment Cd3S4, respectively. Conclusion Results suggest that applications of
EDTA and biochar significantly promote uptake and accumulation of Cd and Na' in shoot of the Suaeda salsa grown in
cadmium-polluted sodium chloride salinizd soil and improve efficiency of the phytoremediation of heavy metal-polluted salinized
soil. All the findings in the research may provide certain basic data and a scientific basis for remediation of heavy metal-polluted

salinized soil.

Key words: Cadmium; Salinizd soil; EDTA; Biochar; Suaeda salsa
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T4 Y - HEPR I v A ) 5 e T A 9 A S5 A
R NN 1Y i< L /PO BULE NI STEN UL/ IK T |
AR, ST R E
KA 5y — i A W S R FLAT R 1 3 T
I, AT [ R 398 v 17 R 4 T O R A A S
B, M 4 A A 0 7 E AR AN H R,
[ AT e F B EDTA FA: 90 J5 o A1 0k 6 b i 18
A RS Y B A AT AP IR H
0P A JE TS YR e - e VR AL R R
AR, HAH SR8 % T oAb B 4 Jg V5 e £k it 1k 1 8
AL P18 52 5k R ELAT E B AR} 2 2 SRS, F A {1

AW R AR, B ES RS (Cd)
154 NaCl BIEhmifb 158, W50 EDTA MAY)
JO e R A A2 30 % 4 i V5 ek 15T Ak - 49 b b i
EAERK . BTV, s T AESREmER. B
SR, BEIHE S At i xR e B R Cd
154 NaCl BUER b A, B 7E W 4R i5 t
R Ab A48 2 AR AL IR AR B R SR .

1 bRk

1.1 e

B Y R 2R H085E ( Suaeda salsa ), FhTK
F NS BRI e R A . JEFP T, PRk
INE AL R T, 10%H,0, 157 10 min, izt
BE 5 EDTA (4r#ral, KEmhk Kbzt F &
Hut ) T s BRI FEA A R AR IE T
TLANVE R Mk vG e, KR RS e . =
W) (AR TG B . SN AR, LR 150~
200 H, pH A 10.57, EEREAIKT 400 m*g ', &
H/NTF 0.1%, HBILEMT 450 mg L', KMET
10%, Efk 538.2 gkg ', & 13.8 gkg ', W 3.0 gkg ',

234 gke !, HIVEIREE R T 500°C, bedilnt a2k
4 ho HEKEHER HIERITE R T X (40°48'N,
111°43°E ), RFERE N 0~20 cm, HRXT 5T 2 mm
TgEhs, B ALPER AR 1, EAJE Cd WEN
0.084 mg-kg ', KFEMEEE R 0.25 gkg ' it
SRAE M TS5 e AR b Bk £ (Cd0S0: 0 mgkg 'Cd,
0 g-kg 'NaCl ) il i & fL 84 ( NaCl ) & fk4R
(CdCly) ¥EWRHL NaCl BIEh ik +3% (Cdos4:
0 mg'kg 'Cd, 4 gkg'NaCl), E4JR Cd 54+
(Cd3S0: 3 mgkg'Cd, 0 gkg'NaCl) FiHE 48 Cd
154 NaCl BUERwifb 14 (Cd3S4: 3 mgkg'Cd,
4 g-kg 'NaCl ), ¥ HHOR G515 R e RIE LR,
5 Z R AR RE 80% H (Al 357K 5t & Ak 1d & J5 4 .
1.2 RIgit

AR AE N S R B IR E N e .
WE 4 FORREIERA IR, ik Tois Yk
itk 4 (Cd0S0 ), NaCl RlEhHifk1-4% (Cdos4 ).,
#H 4 JE Cd V57 14 Cd3S0 ) E 4 & Cd 154 NaCl
AR WAL 3 (Cd3S4 )5 A - HEIL B X R
it i PR R 2 SR AR B, A S SR R R A &2 7k i Ak
FE( CK ). %50 EDTA( 4 mmolkg™ ). A= ¥ 55 ( BC,
15 gkg') abFE, B E 4 NEE, ST 48
7, BWEHLHES . KRR MR SRR AL ( B AR
16.5 cmx F 4 10.5 emx &5 13 cm ), PRI KHE
IR A B, A BSR4 2 ke, PP
AP EY e 5 EHE ARG . AR AN RIS Y
Eh MR R F 100 i, EK 10 d SRV, PREE 4 8
F AT AR AR . EAE PO T — ] DAV R T =X
4% 2 WM EDTA Z i gk iU 56030 8] [ 48K
I, RFPRE R GEK AR g A I - S i
KA A H Al KK 1 100%, I Z HilZ, K
75 d J WSOIR Fh M B EE R R S

F1 X EIEREARIBLER

Table 1 Physico-chemical properties of the soil

AL A KR sl HRA AR T
TRl R EC
pH Organic matter Total N Total P Total K Available N Available P Readily available K
Soil type  / (pS-em™)
/(gkg') /(gkg') /(gkg') /(gke') /(mgke') /(mgkg') / (mgkg ")
L 88.60 7.66 13.9 0.8 0.7 18.3 40.50 3.93 76.00

(DChestnut Soil
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1.3 H&EEE5SH

H 25506 £h il b AR BY T, 2K
KB ZWRpRZENTMREA, 70°CHTREKRE.
PEAE I RE &, FRER 0.5 g N A 5 mL #8446 HNO;
(BV-M) 78 120°CHFXTH A 96 ho I FH HL S
G5B Tk & 5Otk {2 ( ICP-OES, Optima
7000DV, PerkinElmer, £ E )M EHEZ W T #E(P).
(K. 5 (Ca), 85 (Mg) Al (Na) ¥R, &
A S TR (ICP-MS, DRCE, PerkinElmer,
FHE) MEHERTESE Cd WKE. RHAYIK
IR Pk A A S &, RS IR
- FEL R 5 5 B R R S DG i vk T A 80 R
R Y TSR BCS R RO I A . AR B A PR
Br2s5 g+ -+, IMA 25 mL Z 2% -EDTA # B
#% (0.5 mol-L™' CH;COONH,, 0.5 mol-L™' CH;COOH,
0.02 mol-L™! Na,EDTA, pH 4.65), Ei&#E% 1 h
JEEL, FEWGT 0.45 um JEME, ICP-MS I 5E ]
PRI Cd #RE
1.4 HESW

#H Excel 2013 5 5 A7 54l 1) ~F- 408 Kb o
W2, ffif] SPSS 24.0 FEATEE MG, Al
Origin 2017 PREXZ: I . XE 15 3 2 2545 55
7% ( Duncan’s test ) K56 45 4b BV 3 {8 2 (6] fr) 22 57
FE (P<0.05), RHAZHEET 25T ELE
e &2 580 R R B =5 28 EAE R A G 7 $8 47 1)
S, N R #RAH 24381 ( Pearson correlation
analysis ), WFSEAE Y M L ERAARER Cd We B 5 - E3R
BNT (B8 SR EC. pH. AMEA . AW,
B ATHREGE Cd W) IR,

2 4 R

2.1 EBEFIMBETERTHTETUFIMAR
ENZS5R K EE B #4 i

Jite JIT R A A 70 % i s e R v 1k A AU
W BRI R BUS R AR, Ik 2 PR, 5
CK AL, it in A= 9 Jot e fifi % Cd0S0., Cd0S4 . Cd3S0
F1 Cd3S4 A3 3 M T BN T 67.1%~
188.9%; Jifli Jin A= ¥ Ji s AL FEIF, Cd3S4 5 CdoSO.
Cd0S4., Cd3S0 AbFHAH bb & 5 im T £ 384 S ik
JE( P<0.05 ). 5 CK AHLL , il i 28 9 5 i ffi 45 CdoSO .

Cd0S4. Cd3S0 FI Cd3S4 kb - 338 S R0 41 vk B 43 1)
WERANT 33.7%~98.2% ( P<0.05); Jitifin4:=4 )k
AL EERY, Cd3S4 5 Cd0S0, Cd0S4, Cd3S0 AbHEAH
LU S 3N T - EECE R B ( P<0.05). 5 CK A
o, Jihn EDTA {15 Cd3S0 ZbF Al #2004 Cd e i
WEHMT 20.8%; 7EXT M CK 41, Cd3S4 5 Cd3S0
FHEE, NaCl AbHH S ATERHUS Cd B &3 m 1
41.7% ( P<0.05 ),
22 BEFIFETEEFTHLEFEMBEEK
g

Jit T VPR e A1 A2 700 % 5 4 Ak 95 1k = 398 v 6 ik
KM, Nk 3 PR, o= A iniE =,
Cd0S4 5 Cd0SO A Lt, NaCl Ab BHI4 {15 25 Hb e %
M b 5T R T B A R T
115.5% ~ 341.7%H 66.6% ~ 327.7% ( P<0.05 );
Cd3S4 5 Cd0S4 tH EL , 4% Jhip3a 34 (45 5 i mai 3% Hh I
Ty o F RS T A A ) E BRI T 62.8% ~
84.4%Fl1 66.6%~86.0% ( P<0.05). 5 CK #ilt,
AU T A= 9y Jo e A 45 Cd3S0 b 2 £k b B 32 R 350 T
Yy BT RS T A g 0l S O T 1133% Al
328.6% ( P<0.05 ).
23 BEFIRETHEBRFMLIFEDRMEESF

S caapA

Jit Jar VR A1 A2 700 % 5 e A 9 1 - 9 v R Mk
HEREARE T, 3k 4 PR, it RS
g5, 5 Cdoso 5 Cd3S0 Mikk, CdoS4 4bFHER
b B % M B K/Na™ . Ca®/Na™. P/Na™ Fl AR
K*/Na", Ca’"/Na ¥ F &ML ( P<0.05); ANjfifinfs
5257 CK Fijiti il EDTA AbBE4H, 5 Cd0SO 5 Cd3S0
HEL ,Cd3S4 AbBHER Ak H 138 K'/Na" .Ca>*/Na" |
P/Na " HIHE# K*/Na*  Ca®*/Na" ¥ i A% P<0.05 );
it in A= 9 B, Cd3S4 5 Cd0S0 B Cd3S0 4b FEAH
Eb, Eh b AR Hs AR K/Na™, Ca**/Na™, P/Na”
By ZREAL (P<0.05). 5 CK MHLL, Jiifi EDTA &
EHEN CAOSO AbHHER A AR FE Ca™/Na™, Jiti iz
Wy J5 ¢ 2 1T CAOSO Ab FHER 1 5 3% b | 350 FIAR 56
K'/Na", P/Na*; Jifi il EDTA {#i13 Cd3S0 &b £k 1 5i%
TEHD 3 KT/Na®, Ca®'/Na' i TR (P<0.05), i
I A= W B B Ad A5 Cd3S0 Ab B AR Hb B 2 b | &R
Ca**/Na" i ZFH MK (P<0.05), Hb I3 P/Na’ KA HS
K'/Na", P/Na¥J@ &5 ( P<0.05),
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Table 2  Effects of the two remediation agents on available N, P and K and extractable Cd in Cd-polluted salinized soil

HRA AR A LI/ &
GRS b EN DL 1B 55
Available N Available P Readily available K  Extractable Cd
Heavy metal treatment Salt treatment ~ Remediation agents
/ (gkg") / (gkg!) / (gkg!) / (mgkg™)
Cdo SO CK 8.45+0.45a 4.22+0.08ef 57.23+0.49f 0.02+0.00d
EDTA 7.83+0.09a 4.32+0.16ef 77.73+1.65¢ 0.03+0.00d
BC 8.94+1.06a 7.05+0.52bcd 80.94+1.03cd 0.02+0.00d
S4 CK 8.94+0.78a 2.52+0.08f 63.66+1.34ef 0.02+0.00d
EDTA 10.27+0.96a 3.68+0.23ef 81.03+0.94c¢ 0.03+0.00d
BC 8.78+0.38a 7.28+0.75bc 85.13+4.51c¢ 0.02+0.00d
cd3 SO CK 8.60+0.21a 3.884+0.07¢f 53.60+0.69f 2.16+0.15¢
EDTA 9.03+0.50a 4.80+0.20def 84.20+1.77¢ 2.61+0.02b
BC 8.19+0.45a 8.12+0.90b 104.56+7.64b 2.39+0.18bc
S4 CK 7.94+0.35a 5.10+0.10cde 75.95+0.13cd 3.06+0.09a
EDTA 9.10+0.04a 4.45+0.03ef 75.40+0.45¢cd 2.55+0.12bc
BC 9.18+0.68a 12.80+1.00a 150.57+3.18a 2.35+0.10bc
23 M Significance
48 Heavy metal (H) NS NS ok ko
h Salt (S) NS NS ok *
& 52 5 Remediation agents (R ) NS ok ok NS
4 jExEh HxS NS NS sk *
A A B2 5 HxR NS NS o NS
B SxR NS NS i ok
TG Jm << B0 HxSxR NS NS ok %

I RPERN 4 WEE WP ERERZE, S AR SRR TE P<0.05 B2 BFE . *h P<0.05, **J P<0.01,
##x3ly P<0.001, NS FRTLRFMES . CdO FmR EHPRMAVHEEH 0 mgkg ', Cd3 TR P TRIMMMT T EN 3 mgkg'; SO
Fors LRSI A S AL 2 1 0 mgekg ', S4 RN L HE PRI EAL B & RN 4 mg-kg ™! CK R4 4, EDTA /R ¥ il 4 mmol-kg™
W ZRAC B BC RN 15 gkg AW AL P . R ] - Note : The data in the table are of mean + standard error (n=4),and different
letters in the same column mean significant difference at P<0.05 level. * stands for P<0.05, ** for P<0.01, and *** for P<0.001; NS means
no significant difference. Cd0 means that 0 mg-kg™' cadmium was added to the soil; Cd3, 3 mg-kg' cadmium was added; SO, 0 mgkg™
sodium chloride added; S4, 4 mg-kg ' sodium chloride added; and CK stands for the control group. EDTA means that 4 mmol-kg ' ethylene

diamine tetraacetic acid was added; and BC, 15 g-kg ' biochar added. The same below.

2.4 BEFINE SR EN T IEDESMEERE 32.5%F 83.3% (P<0.05); A& EH CK Fi

FRE MBI RN hnA=¥ oAb P4, Cd3S4 5 CdoS4 #H L, Cd i

Tt J W R 5 0 R R TS e R A R rp S AR MBI AR T Na VR AR N T 39.6% 1
FEW SR ZANA R, A0 1 RS . TGS SR A e N 94.5% ( P<0.05); JCie Mg, Cd3s4 5
&5 7], Cd3S0 5 CdOSO Ak, EhHbssE s FHA  CdoS4 AHEL, Cd Fihid fili b Hhpse b b AR Na*
FRHE Na VB . Sty e 22 5% (P>0.05). Jifi B B FE R T 21.3%~83.0%7F1 64.6%~90.9%
hil EDTA FAEY & e, Cd3S4 5 €dos4 Ak, ¢d  (P<0.05). 5 CK b, Mifn EDTA Fi4: ) s fdi
i 6 o5 b b B Ml 13 Na VR BE A W s T Cd3S4 AbFRER M AR E M 1B Na vk 43 B 2 0
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Table 3  Effects of the two remediation agents on biomass of the Suaeda salsa grown in Cd-polluted salinized soil

4 AP habr BE 5 T4 JFi B Dry biomass/ ( g-pot™)
Heavy metal treatment Salt treatment Remediation agents Hi E#E Shoot B Root B Total
Cdo S0 CK 1.03+0.14c 0.27+0.07ab 1.30£0.25¢d
EDTA 1.23+0.16¢ 0.49+0.13ab 1.72+0.35¢cd
BC 1.81+0.15¢ 1.11£0.30a 2.93+0.24bcd
S4 CK 4.55+0.48a 1.11£0.06a 5.56+0.75a
EDTA 3.68+0.71ab 1.04+£0.41a 4.72+1.44ab
BC 3.90+0.31a 0.98+0.16ab 4.88+0.65ab
cd3 S0 CK 0.68+0.19¢ 0.09£0.02b 0.77£0.31d
EDTA 1.26+0.43¢ 0.31£0.15ab 1.57+0.78cd
BC 2.19+0.63bc 1.11+0.35a 3.30+1.22bc
S4 CK 0.71+£0.17¢ 0.07+0.02b 0.78+0.19d
EDTA 1.37£1.08¢c 0.16+0.04ab 1.54£1.97cd
BC 1.45+0.48¢c 0.19+0.09ab 1.63+0.78cd
&Pk Significance
4R Heavy metal (H) NS ok ek
#h Salt (S) ook NS o
&% 5] Remediation agents (R ) NS * NS
T4 J@ <3 HxS NS ok ok ok ok
4 Jm B2 HxR NS NS NS
BRI SxR NS Hk *
TG Jm < ER < B A5 HxSxR NS NS NS

F4 BHEEFLETHREERTHNTIEDEDHENS FIE
Table 4 Effects of the two remediation agents on ion balance of the Suaeda salsa grown in Cd-polluted salinized soil
ERALSE HhALR 57 Hb 1% Shoot R Root
Heavy metal Salt Remediation
treatment treatment agents K'/Na® Ca”/Na’ P/Na’ K'/Na' Ca’'/Na’ P/Na®
cdo S0 CK 091+0.10c  1.32+0.03b 0.49 +0.07¢c 4.78 + 0.66bc 8.48 +1.02bc  0.34+0.09¢c
EDTA 0.73+0.06c  1.11+0.09b 0.33+£0.02cd  4.52+0.12bc  14.22+2.68a 0.40 + 0.04¢c
BC 1.47+0.19a 1.14+0.10b 1.57 £0.22a 9.65 + 1.85a 10.14 +2.31b 1.16 £ 0.33a
S4 CK 0.04 +0.00d  0.08+0.01c 0.02 +0.00e 1.05+0.11d 1.47 +0.28e 0.08 +0.00c
EDTA 0.05+0.00d  0.08 +0.00c 0.02 +0.00e 1.17+£0.18d 1.98+0.68de  0.11+0.03c
BC 0.08 £0.00d  0.09 +0.00c 0.09+£0.01de 1.51+0.10d 1.75+0.16de  0.24 +0.04c
cd3 S0 CK 136+024ab 2.16+032a  0.59£0.06c  3.56=0.4lc 731+2.14bc  0.30 £0.09¢
EDTA 0.88 +0.15¢ 1.48 +0.27b 0.45 £ 0.06¢ 3.40+£0.39¢ 5.77+1.67cd  0.30+0.07c
BC 1.07 £0.18bc  1.08 +0.14b 1.13 £0.14b 5.56+£0.41b 6.79 £ 0.51bc  0.77 +£0.07b
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VN EoN e
ﬁ%ﬁﬁiﬁ mﬁfﬁ 1@3”” ﬂﬁi%ﬁ Shoot *E%B Root
Heavy metal Salt Remediation
+ + 2+ + + + + 2+ + +
treatment treatment agents K'/Na Ca”/Na P/Na K'/Na Ca”/Na P/Na
S4 CK 0.05+0.01d 0.11 £0.02¢ 0.01 £0.01e 0.93 £0.10d 1.15+0.17¢e 0.06 = 0.00c
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Table 5 Pearson correlation coefficient between Cd concentrations in shoot and root of the Suaeda salsa and soil environmental factors

A 4 U T R A H A AT

Extractable Cd Soil EC i Available N Available P Readily available K
b b A e 0.824%** 0.487%* 0.048 -0.043 0.283 0.330%
L 0.692%** 0.177 -0.063 0.150 0.262 0.417*

(@ Cd concentration in shoot; @ Cd concentration in root.

3 e
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