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Phytoremediation efficiency of cadmium-contaminated arable land by planted Sedum plumbizincicola with
sulfur fertilization

WU Jialing', CHEN Zhe"*, YOU Shaohong', LI Maolin', ZHOU Hongyan', LI Kangi', HUANG Xiaoman'

(1. Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, College of Environmental Science and
Engineering, Guilin University of Technology, Guilin 541004, China; 2. Guangxi Key Laboratory of Landscape Resources Conservation and
Sustainable Utilization in Li River Basin, College of Life Sciences, Guangxi Normal University, Guilin 541006, China)

Abstract: This study sought to explore the effect of sulfur powder and ferrous sulfate fertilizer on the restoration of neutral Cd-
contaminated soil by Sedum plumbizincicola. The optimal application rate of different sulfur fertilizers was selected to improve the
phytoextraction efficiency of Cd. On the farmland with a total soil Cd content of 0.65 mg kg™ in Sidi Village, Xingping Town, Yangshuo
County, using the field test method, 7 treatments including low, medium, and high doses of sulfur powder and ferrous sulfate were designed.
The soil pH, total soil Cd content, and available Cd content were tested, and S. plumbizincicola biomass and Cd content were determined.

The results showed that, compared to CK, the hole application of S fertilizers for 60 d effectively reduced soil pH and increased soil
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available Cd content, and effectively increased the shoot biomass and Cd content of S. plumbizincicola. The comparison of treatment effect

and cost showed that hole application of 79 kg sulfur powder or 252 kg ferrous sulfate per hectare had optimal phytoextraction rates.

Compared with CK, the above—mentioned treatments reduced the soil pH by 0.94 and 0.67, and increased soil available Cd content by

111.5% and 169.5%, respectively. The shoot biomass of S. plumbizincicola increased by 11.9% and 40.7%, the shoot Cd content increased

by 48.5% and 132.1%, and the shoot Cd extraction increased by 65.8% and 226.3%, respectively. Therefore, there are potential enhanced

phytoextraction agents for S. plumbizincicola to remediate neutral Cd-contaminated soil. Among them, the repair efficiency of ferrous

sulfate treatment is significantly higher than that of sulfur powder treatment.

Keywords: hole application; sulfur fertilizer; Sedum plumbizincicola; neutral Cd polluted farmland
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R, A EA R 13 Cd  Zn JEELRE 17, FE 4
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I ANACRT AT A58 pH IS Ak I E 4w [
A ] Sy HE A AR ) W WA o At A ) K T Y
KREITLRZ—, TP £ %L o5 1y I w4
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8 em LA_I  ELA% 3 mm DL A4S B8535 1 Ry — BRAT
.

At 39 a0 DA T PR AR IXCREAR T BH
P BERUR A %X R T RS R XI5
THE(HATC A 24 , AL YE M 4 8
HE M pH 6.90 A LT 12.98 g-kg' A% 1.63 g-kg™
W 0.65 g- kg & 18.47 g- kg 4> Cd 0.65 mg -
kg'\4>Zn 173 mg-kg .\DTPA-Cd 0.28 mg-kg' .DTPA-
Zn3.11 mg-kg's HCHBEREE R & FH b+ 5 L
KU A& bR e GRA7) ) (GB15618—2018) H 1) i 1 (1
A R0 X e 4 Cd S bR 1.245,

HER BT AE « BBy (405 >99.9% ) I T 1 7 4> 251k
1A BR2S w5 B R Bk (463 >989% ) W) 4 8 4 FK AT
A BRA ]

1.2 R

WE2IMK S5 m. % 1.2 m. & 0.3 m i H 28X 56
INX L HEK VT 0.3 mL 58 0.3 mo AL 750 kg
TR VBN 17% R G IR R R AR, T
2019 4F 11 1 15 H A AR 50 R AT/ 1 AR IR 25 em
18R 25 em BAH TIAIR X, BN /N XK ZY FhAR 125 #k
PEB 5K (2.0x10° Bk -hm®) o B FREH™ 5K A AR 2
FEAAAE 3~10 em 4b H& G A K AE f K H Rl REK
R 70% A2 A 1R L HE R iRy 5 e K HH ] 4K
T2 2597, i R T 5 AT AR A B AR B AR T b

200 mL AR, LI 1.2 kg AN EN,
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P A T TEE AL E
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10.30.60 d X A4~ Ab BN X R AE 5 A4S S AL IR K 0~
15 em BIBEE 2 1358 RIR A FE , L RESE T X 45
B AR A s e 526 2, B AR AT, 2B Sk A
5 A Ry, 1 20 H AT 100 H AR e i, 2 B A7 T
2 A% I 3 pH A RS Cd R Cd 4
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14 MEFHZSHIBSHF

- M AL T SR FH B R TR B AR Ak — A i B

&1 AETERLFIERT %

Table 1 Application methods of different sulfur fertilizer intensifiers

A HLARAG Processing code

FARPAE RIS Specific operating specification

it 32 Application rate/(kg-hm™)

CK 25 PN B2 < AN it PR AR A 0
SRL BERRS it 200 mL e N 1.875 g+ L B B IR T 79
SRM AR Uit 200 mL & JE N 3.75 g+ L7 OB MY L TR 158
SRH RS 200 mL R 7.5 o« L O BUR B TRIK 315
FeRL BB 200 mL YR BE A 1.5 g« L7 B BRI W2k HE VT 63

FeRM BB 200 mL kB 3 - L7 1 6 R S AR NI 1V 126
FeRH BERRS i 200 mL VRSN 6 ¢ L BB IR A% AL I T 252

T BB S8 T K O PRI P 3 A 34 20 334 2R I Rt

Note : Sulfur is not easily soluble in water. In order to ensure uniform application distribution , it is applied after stirring to the suspension.

WWW.Qes.019.CN
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E 5 AR RO T Qs R sl i S0 7 5 4
K NaOH #5 fil— £ #6 b0 7, R AN Y BT
WA 5 48 % H NaOH & filv%: , F ICP-OES Il 5 + 3
pH # K -1 2.5 1, i F pH I s fiE 4 | - 3e
4 @ oK HNOs—HLO, 1 /i, i ICP-OES i € A8
YIS f Cd & ICP-MS I 338 Cd 4 ; 34 Cd
AR TR DTPA i $23% , F 1ICP-MS il & . U
8 ATk A b B AR 24 S DL gt 58 AR 4y )
K % b HE W) B GBW - 07404 (GSS-4) . GBW -
07603 (GSV -2) i 17 5t i #4 hil , AF iy [m]fie 8 4 i) 72
96.6%~102.5%,

AN [r) &b 2] 2GR 25 5 M A B ok L SPSS 25
One—way ANOVA K5 5 , [f]— ¥ & 7K - A [ it JE &
SR 22 SV TR M RS R G . RIS 25 5 2
I, X BT B s A T AP A 22 S R A L P<0.05
FIORZEFRDE . KM Origin 20172 K

AR KA A

J s e 42358 Cd B (g) =B K i 1 58 Cd &2
(mg-kg™ ) x B HJZ TR EE (15 em) XA H (1.2 g-em™) X
T2 (10 000 m?)

FE) Cd 32 B (o) =FRpRAR ) | 38 Cd 42 B
(mg- &™) x#k%k/1 000

%) CA R EUCR=HY) Cd 3B (g-hm™) /55 Yy
+3E Cd B 7 (g-hm™?)x100%

2 HER5HH

2.1 NEARGEELEpH 5 DTPA-CAEE
St AS R AR AR R (2020454 H 24 H ), 3 pH Ky

5.99 DTPA-Cd % 5 0.09 mg-kg'. M2 0%, 5¢
Jiti AR AR 10 d )5, 5 CK AR EE , 45 Ab #E2H 1 35 pH 2.
AR, FLBEE 7Ot v 1) 41 755 -5 1) ) 719 B K, - 3
pH ANWIREAL, & THaE . /Ut 60 d )5, 5 CKAH
e, A0 R 2H A 35 pH FEAE 0.29~1.13 > B < B Ak B
i SRH FFAIR IR B e K, 38 1.13 4N B 5 Bt PR IV 4k Ak 3t
H FeRH AR I8 FEE d5c K, 3% 0.67 AN B 5[] i A8 ] —
WK R, Bk Ak FE 4 48 pH R 25K T B 18R WV 2%
Ab 3,

5 CKAHEL, 7t AE 10 d J5 , K% SRL 4k, Hofth b
A DTPA-Cd & i B E T, AL 2. 7t
#50~30 d 5k FEh , DTPA-Cd & 56 2 7 it vie i F it
) ) 288 AN W 4 5, 30 d J SRH 35 £ 45 & , 8¢ CK 3R
15 350.0%, 60 d J5 2 REAR S, 7 R W2k 10 d
J&i , DTPA - Cd 5 & Bl 45 o/ it W FE 1) 384 o i 34
FeRH Ab ik 3 5 2 , 88 CK 42 55 333.3% ; [ml 5} Fifi 45 Fof
[ A3 i DTPA-Cd 7% &t 2 AN R s BB fp#aH . X
Jiti 60 d & , [A]— Wk BE AP, ik Ab 22 1 4 DTPA-Cd
R E TR AL B
22 NBEARHERET SXENE

FEPE 55 R A A I A 7 it AN ] Bt M 5 A 551, %
P 52 R b 3 AR AR Y B s A 1 TS . oK
JiE AR 30 dJ L 5 CKAH EE , SRL .SRH + 5T it i 35 42
15 5 [ Bt 25 7t B T ) B K 5 v B ) 4 vy, T I i
TR 60 dJE T 5K B AR
B30 d IR SR T 33.1%~113.8% . 16.1%~66.4%;
SRH by I #B A &8 5T & fe iy , 43 0 23.0.4.1 g+
BB CK A B T 42.0% .57 1%, 5 it 8 IF 4

#2 AR LEE pH 5 DTPA-Cd B R
Table 2 Changes of soil pH and DTPA-Cd in different periods

g pH DTPA-Cd/(mg-kg ™)
Treatment 10d 30d 60d 10d 30d 60d

CK 5.90+0.05a 5.78+0.03a 5.71+0.04a 0.06£0.01d 0.04+0.01e 0.05+0.01f
SRL 5.22+0.02d 5.07+0.02d 4.77+0.02¢ 0.08+0.01d 0.15+0.02¢ 0.11£0.01d
SRM 5.18+0.02d 4.78+0.01e 4.73+0.04e 0.11£0.01c 0.16£0.01bc* 0.15£0.01c
SRH 5.09+0.02¢ 4.63+0.03f 4.58+0.02f 0.12+0.01c 0.18+0.02ab 0.08+0.01e
FeRL 5.77+0.03b* 5.4740.02b% 5.42:0.05b* 0.17+0.02b* 0.20£0.02a% 0.31x0.02a%
FeRM 5.33+0.04c* 5.38+0.02c* 5.32+0.03c* 0.24:0.02a% 0.11x0.01d 0.24:0.02b*
FeRH 5.11+0.02¢ 5.070.04d* 5.040.03d* 0.26+0.01a* 0.18+0.01ab 0.14x0.02c*

{E:SRL SRM \SRH /R IR P RRE B , FeRL (FeRM FeRH 7RI R L IR £k o [AFANTA) /NG 7 R S [ Ak
[F1) 25 5 1 25 (P<0.05 ) ; [ 91+ 27 [ — e BE K P AN [ B AE it R 8] 22 S (.25 (P<0.05) . Il

Note: SRL, SRM and SRH indicate the application of low, medium and high concentration of sulfur powder in the acupoints. FeRL, FeRM, and FeRH
indicate the application of low, medium and high concentration of ferrous sulfate in the acupoints. Different lowercase letters in the same column indicate
significant differences among different treatments (P<0.05) ; the same column * indicate significant differences between different sulfur fertilizer varieties at
the same concentration level (P<0.05). The same below.

1% WHART]
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Different lowercase letters indicate significant differences among different treatments (P<0.05) , * indicate significant differences between different sulfur

fertilizer varieties at the same concentration level (P<0.05). The same below

B REARGEEGHT SRt L IREEYE

Figure 1 The shoot and root biomass of S. plumbizincicola after applying different sulfur fertilizers to the holes

30 dJi, 5 CK A HE , 45 A0 BTG I 2 12 w5 5 (HL Rl 25 7 it
I [ (9 S0 5 o B A 8 e, T o o S T R S E L 60
d B} FeRM , FeRH Hli | #B T i1 it 8 CK ‘b 2 #2 = (&
le)o 60 dJafEa s R b3 MR 42 30 d i
SR T 17.7%~133.8% . 16.5%~56.6%; 1F FeRH
A IR b b RS T T e, 400 R 22.8.3.7 ¢
R, 85 CK 4r 32 80 T 40.7% . 44.0% . & SRLAM , 1
] — e BE KR, Bk B IR Sk A P b | 3 o o
TWEER . L5 EIR, 7UEA FHAE 60 d XD 5
RIEA B R W 5 02 A 1 T, v v e 2 i A Ak 3 A
E €SSl R
23 NEARHIEEHTEXRCIESE

M3 EH, 5 CKAHEG , AR 5t R M B3 Cd &
R ERE., SJUEFK 30 d)5, 5 CKARL, # E&E .
HL R Cd & & 4> B & T 66.0%~130.1% ., 32.1%~
48.2% ; Bt 25 o/ it B[] A S, L B3 Cd 25 2 AR
A AR Cd & i BT . 5700 30 d A
Ho, 60 d J5 fE0 5 KM B &8 Cd & & R T 5.4%~
33.8% , H#B Cd F & $2 5 T 20.6%~37.5%; H SRH Hh

x3 AEIMHBAKT ERXCIEE(mg-kg")
Table 3 Cd content of S. plumbizincicola in different
periods(mg-kg™)

Ak B 30d 60 d
Treatment Y |- Shoot M Root ML ¥ Shoot A Root
CK 43.2+2.0f 33.0+1.4d 47.0£2.2f 55.8+2.2d
SRL 99.414.1b* 43.6+1.9¢ 69.8+4.7¢d 52.6+2.0d
SRM 80.7+3.9¢ 46.4+2.0bc* 53.4+2.5¢ 63.8+2.7¢
SRH 71.7£3.5de 48.9+2.2h 67.8+3.0d 62.5+3.1¢
FeRL 65.2+3.4e 56.1+2.3a* 81.8+3.8b*  79.4+3.2a*
FeRM 110.7+5.2a* 30.3+1.6d 76.0+£3.8bc*  65.9+3.2¢
FeRH 78.2+3.9cd 45.7+1.8bc  109.1£5.3a*  72.4+2.8b*

AR ORRER Cd E R L B CK iR T 44.3%
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Figure 2 Cd extraction from the shoot and root of S. plumbizincicola with different sulfur fertilizers
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Table 4 Remediation effect of applying sulfur and iron fertilizer

on soil heavy metal Cd

b +HECd 4t i Cd 3R
Treatment Total soil Cd/(mg-kg™) Plant Cd extraction rate/%

CK 0.55+0.03a 13.7¢

SRL 0.3920.04cd 22.6¢%*

SRM 0.42+0.05¢ 19.3d

SRH 0.35+0.05d* 27.9b

FeRL 0.49+0.04b* 19.3d

FeRM 0.39+0.05¢cd 27.8b*

FeRH 0.21+0.04e 44 5a%*

pH BFIAEHT T F 0.91 B0, BT ABF5E R M0t 1
W5 Ko AR B st R H, 1358 pH AT FEAIK 0.1~0.8 1~ L
A7, 3% AT g5 5 RAR 2R 20 WA A HILIR BOAR B A7 A K 2t B
B P PRIR A AT 0 B B R R AE A
PR 1 AR, it F 1 38 Je 2 b2 s A W 1 e AR
H, W B B R 8 pH, @ W5 00T, 188 pH &%
Wi 1 398 B 4 R 10 U I L 7RI IF — i W2 o R 178 O e TR
o AR 135 pH YRR, - e At i Ay
A S Mok Xy R N 8 g = e w4 |
AH T AW B e - 3 4 TR A A B TE A
SEARER 30 d N AT B PR S A U R B, , BRI F- , IR
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O, IR SR 3N, 60 d f5 S R (R
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M BIAAR R (R 2) W] RE 2 D B 5 HO s, + 3
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PR, H 1 AE 4 At 13 Cd 5 3 CK 40 31 -3
LT 26.5% F135.4% , H SRH AL B #b F 3584 9y
Ko Cd & i . AW Bon R 1 13 (pH 6.4) 2Lt
10 mg - kg HE (MgSO.) FI {5 16 5 =5 Hb b 5B A= 4 1 3¢
X R 57 45.39%, 4 H 43 (pH 6.85) JLiti 2.0 g+ kg™

B B3 BT (0 A A 5 K b B Cd B A ) B AR
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2 DRUR B R 1 AR AL LA R - RS -, BEAIR T 38
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2 DR Wil A AE W i A 4 R R A R N B 4 R
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#B Cd 7 B 5 CK 4351 F X4 5 T 16.1% #189.1%; H.
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