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Effects of Soil Microbial Activity and Cu, Cd. Pb Enrichment of
Vetiveria zizanioides to Biochar Addition in
Contaminated Soil in Copper Mining Area
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Abstract: Soil in mining areas are easily to be contaminated by heavy metals, which fact is a major challenge
for land resource utilization and maintenance. In the present study, the contaminated soil in copper mining
area was used as the research material, and 0, 1%, 2%, 4%, and 10% (w/w) biochar were added by weight
ratio to carry out an indoor potted experiment for planting Vetiveria zizanioides. The effects of biochar on
soil pH and microbial activity, and the enrichment and transport of heavy metals by Vetiveria zizanioides
were investigated to find out the correlations between the contents of heavy metal species, biochar and microbial
activity, aiming to provide a theoretical reference for the combined remediation of heavy metal-contaminated
soil in mining areas by biochar and Vetiveria zizanioides. The results showed that the addition of biochar
increased soil pH, significantly increased the activities of soil FDA hydrolase, sucrase and urease, and
significantly promoted soil basal respiration, but had no significant effect on soil microbial biomass carbon.
The addition of biochar significantly increased the biomass of Vetiveria zizanioides, decreased the available

state of Cu and Pb, while the changes of Cd species was opposite. The addition of high doses of biochar
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attenuated the enrichment of Cu in Vetiveria zizanioides, while the addition of biochar promoted the
enrichment of Cd and Pb and attenuated the transport of Cu, Cd and Pb in Vetiveria zizanioides. So Vetiveria
zizanioides could be used as a stabilized plant for Cu, Cd and Pb. Soil sucrase activity was significantly
positively correlated with the contents of Cu, Cd and Pb in leaves, soil available state Cu and residual state
Cu; soil basal respiration was significantly negatively correlated with the contents of Cu, Cd and Pb in
leaves, available state Cu and available state Pb, while significantly positively correlated with available state
Cd. In conclusion, biochar can reduce the toxic effect of heavy metals on the growth of Vetiveria zizanioides
in mining soil and promote the enrichment of heavy metals by Vetiveria zizanioides, and the combination
of both can improve the physicochemical properties and microbial activity of contaminated soil in copper

mining areas. These findings are conducive to the remediation of heavy metal-contaminated soil and the

improvement of soil quality.

Keywords: biochar; Vetiveria zizanioides; contaminated soil in copper mining area; heavy metals;

enrichment capacity; transfer capacity
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kg, AT 0.49 g/kg, B E 0.28 g/kg,Cu.Cd.Pb
SR N 372.44,4.41,122.53 mg/kg.

Az ) i W T R R e = DR B IR A PR HD L
INZEFEFFAE 500 °C g i B iR, il A F6 2y 3500, FE A
PRAEMET . pH 10.35, F HLIK & & 467.20 g/kg, &
At 5.90 g/kg, 2B it 14.43 g/kg, Cu.Cd.Pb
Sk 24.75,0.19,17.63 mg/kg.
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10 H (2 mm) 0 , 4K 35 245 ¥ e / £ 38 i i ' 49 Eb R AR
Wy (biochar, BCO) 5 HIEIR S F 23 AL (F X N
R 16 em X 12,5 cm) , A%+ 2 kg, WHE 5 Mb
B CKUR® X5 % + 58 ; VCLLH 9 X 75 4 1 3 +
1% BC10 g/kg) |; VC2[H#" X i5 4 £ 1 +2% BC
(20 g/kg) 13 VCALH# X {5 4« + 3 +4 % BC (40 g/
kg) J; VC10 [H & X 5 % -3 +10% BC (100 g/
ke) |, B E 3 ANEE ., HAM 6 bkFR
BTN TORI OGRS B4 12 h, 5 2 X
K A S A 8 K I Al LR Y & £
B f K H R4 K 21 50 %6,
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H i 5 T2 +3E Cu . Cd. P IES 5 & &,

1.3.2 AHhHFeARE  HFF 180 R REFMAM
TR RE S A IF ST 105 CHLAE AR T 30 min,
T80 CHEF 6 5 , WA J5 00 A AR B 5 5 4R
# Cu.Cd.Pb &,

1.4 MEFE

+ 8 pHRAK + £ 2.5 = 1, R M
S M —H 7 i %2 s + 3% FDA (fluoresceindiace-
tate, FDA) ZK fiff B I PR P63 — Lo ikl i
- S G PSR 3.5 AN Sk K B R L €5 vk

SE R A SR P L I s
i VR R Y 00V B A 3 0 S 5 R A e

EEE . R )R R HNO, — HCl— HE—
HCIO, A 2T ) 7 M 0 3 5 3R ] HNO; —
HCIO R R fig |+ 4 8 A S OKIE S VR
VA AL SRS AT AR A A TR I A Y £ BOR G
19 BCRORR B =25 ) % 22 31 Bk S 0 ol
BB TR BUE L (Inductively coupled plasma mass
spectrometry, ICP-MS) | Z

AR 4 R A S e ) ds BOT R
FERBBCH =Y R NEEE T (mg/ke) /-
S & Jm & A (mg/kg) s ¥ 12 RB(TF) =M A H 4
J& & i (mg/ke) /MR ER E 48 % & (mg/kg) .
1.5 HiEST

% A Microsoft Excel 2019 #E47 £ 85 4 ¥ M Or-
igin 2018 K MFAEIE ;32 A SPSS 24 ##F, R BLH %
J5 20 Mk (one-way ANOVA) ¥ 22 7 B &, R
M Duncan 47 ZE HE (p =0.05) .

2 gR5H0Mh
2.1 T pH REEYEHENTK
TINAE Y AR AR B 180 K, 4% pH B‘E
Yy pe it s 5 3G o e (R 1D, VCLL.VC2 1 pH
A CK B H o 3 2 5%, VC4,VC10 B pH 251 1E
CK W1 0.97.2.61 4~ 847 (p<<0.05), B4
Yyrcnedd =+ FDA JK g il i %, VC1.VC2, V(4
e CK i 3 158 35.80%, 33.69%, 53.08% ,
VC1.,VC2,VC4 435 kb CK Ay -+ S8 7 W i 3% 1k 3%
H5R 531.96%,860.46%,540.78% , VCI1 Hy + 3k
fitg 3% P . CK i 2 F A% 59.00%, VC4,VC10 4351 1t
CK @R 42.13%,25.42% , S {4 AE W B he A
AFFIRAY R B INT T % 25, LA IT
B A= S i 1 38 i S 35 5, VCL0 1 1 3 b
I e 3, R CK Y 38.44 1%,

F1 EWrxLE pH REEMFEEHZMN

4k 5 bl fgiG P/ (mg » g7' «d™) A 4 w k/ + 1L Rl IR 0/
FDA 7K fi# it TE W il I i (mg-+g ") (mgeg 'ed?"
CK 3.85+0.06¢ 0.7240.04c 0.02+0c¢ 91.02+£8.40c 0.04+0.02a 0.0140d
VC1 3.87+0.03c 0.9840.09ab 0.1540.02b 37.33410.19d 0.04=+0.02a 0.04=+0.01c
vC2 3.94=+0.05¢ 0.9740.06ab 0.237£0.01a 91.6343.29c¢ 0.06+£0.01a 0.05£0.01c
VC4 4.8240.01b 1.11£0.10a 0.1540.03b 129.3649.02a 0.02+£0.01a 0.0940.01b
VC10 6.46+0.08a 0.8340.03bc 0.0240.02¢ 114.154+1.80b 0.03£0.01a 0.23£0.02a

VE 2 PR o T 08 bt 2% ) 81K [ % Ak B 22 5 8 (p<0.05)
WA A S KA BB DU A AT (&

2.2 11 Cu.Cd.Pb EHEMTHL

4 Cu B2 5 O BRI 25 > L ad 2 > R

la) . FlAE W) it 2 ) 38 s 1 AR 25 Cu 5 1K
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B K KIES AR IRAS Cu 7 LB Wik /N . iR i
A ATEAS Cu 5 AR, CK WA S OKE
B RS TR RS AT EAAS) Cu di bR 29.17%,
VC1.VC2.VC4.VCI10 AR Cu bt Ltk CK
FEAK 3.28%0,2.92%,0.70% ,10.90 % . % i 4= ¥y 7
i Cu MNARE AL R .

Wit A=) ¢ S o 16 00, R A Cd o BE 2 H R)N
FRVAAS AR JRAS AT AS Cd LB i KL KIS
Cd 5 Fe et s/ (B 1b) . CK A RES Cd kbl
55.12% ,VC1,VC2,VC4,VCI10 A # 5 Cd 5 Hede CK

Ay N 0.61%,27.37%.25.69 % ,30.40 % , Fifi A= ) 7% it
FHAEHE I S KA X5 Y HIRAT 8 Cd A e,
4 Pb RE IR IE S WKAE K TEA N o ik
B> BEE ST AAE>SRIES > KES A
lo), KA Pb i b Bifi 2R ok it FH o 1 38 i 3% 7 1%
X A S e 2 W sk, CK A RE Pb
di ol 38.10%, VC1,VC10 B A 24 Pb (5 I CK
38N 10.72%,0.53% ., VC2.VC4 A A Pb i
Fe CK 20 B0 6.50%,2.56 % , 1o 771 48 2 4 o 1Y
WnRefe #E 158 Pb A RS AL W RIEZS .

BRES EME BRES ENE BRES EAE
] WRRES E BEAs ] WaREs E BEEs 7 W RS ==.3-~
USTES @ A ®) ASTES ©
0 100 oo N — - 100 - - 100 e
.l . 2EHE 3
T go [ ne B gl t:0 W otts Bl e 2 gl S
.l
= 60 E§§§§§3 5 = 60 f il 2 60t EEEE;}
B 40 i Lo N A== R 40 HEEd ] B e
F-—] FH e B B = - - - -
£ 2 (77 = FaolEH B maE = £ 2 W77 7
= Z willmRaRtR = * .
'H 0 1 —_— ] 'H 0 | IFE TR P PR P T I = ) -H 0 Aé 1 ﬁ 1 1 1 J
VCl VC2 VC4 VC10 CK VCLl VC2 VC4 VC10 CK VCLl VC2 VC4 VC10
B B B
B1 S#+1E Cu.Cd.PHESHSH
23 ERELEYVERELSESENEE . HIZH 2) . W 1%,2%,4% ,10 % A W 7% {7 AR W A 3 [
T AP CK 4 5 B 3% 8 n 3.18,3.94,2.71,2.11
2.3.1 FHREAMITHEA B4 AT B E R £ (p<C0.05), Hu T &6 4= 9 & B CK 43 51 &8 2% 35 m

IR A Y o VC2 A B3 a2 (R

2.00,2.25,1.73,1.27 f%.

R2AEYRMIBFRERDAM EBEY RO ME AL g

4k 7 CK VCl vC2 VC4 VC10
o 4.4241.19d 18.45+2.59ab 21.82%+2.37a 16.40=£2.14bc 13.73£2.78¢
A 8.19+1.05¢ 24.5345.29a 26.58+2.18a 22.3543.2b 18.57+1.35b

TE 3 B S P R AR 25 5 [RIAT AN [R) Sk 3R Ak 31 1) 2 53 | % (p<<0.05)

2.3.2 HAHERIF ST R Cu.Cd.Pb A EW T
R Cu &8 K/ CK>VC2>VC1>VC4>VC10
( 22),VC2 5 CK Jo i 3 25 7, 1l VC1,VC4 Fl VCI10
B CK 43 51 i 2 70 12.2296,41.46 % F 65.44 % (p <<
0.05), Mk CuFEK/NK CK>VCI>VC2>V(C4 >
VC10, VA VCI10 & CK i 3 FE AL 80.63 % . Hifl b
PRIE TG B 25,

A i Cd & & K/ V2> VCEl >
VCA=>CK=>VC10, HLFfi A= 1y 5 U 0 A0 185 T S 348 5 9
(E 2b), VCI0 FMRFE Cd & &5 CK G % 2 7,
VC1.VC2 #1 VC4 #5 CK 43 5] 1 & 35 fm 1.91,2.17,1.66
8 (p<<0.05), FALHIHF Cd HRERDF,VCL.VC2
1 VCA 85 CK 4351 2 55 m 0.76,1.18,0.35 15, VC10
B CK & 2> 30.03% .

W# Pb & & K/Nh VC2 > VC10 > VC1 >
VC4>CK(K 2¢), B VC4 5 CK & & #F 2 %4,

VC1.VC2 fil VC10 # CK 43 %) & 3 3 fin 47.80% ,
88.33% M1 63.20% (p<C0.05), WA Pb & K/NN
VC4=>VC2>VC1>CK>VC10, H A 5% 3
R8N S 1 5 8, VC1 L, VC2 Fil VC4 # CK 43 1) i 2
10,76 %, 25.91 % F1 27.04 %, VC10 % CK § %
/b 30.65%

2.3.3 HMHIEGHEMEE Cu.Cd.Pb ¥ T BRE
1% AW R A L H A TR A W e Ak BE Y [EAR BCF —
Cugr \BCF — Cuy, (3£ 3), AE W A ik 2 & A X Cu 19
W TF—Cu ZEWMAY & 1%, 4% B3 K. 2%,
10 Y0 /N o A= 5 00 X Cu £ 7 AR s 4k P 9 5 38
FEA R RIS, AN 1% .2 %, 4% 4 B Al BCF —
Cdg \BCF—Cd, 3 K (BCF # K F 1), i @ b A4 4 7%
B/ TF— Cd, R W F R FXF Cd A B0 1Y = % he
I ABA Y AN H] Cd 76 F MR FAR N 1 5532 . 7R
I & 25 W) ¢t 38 K BCF — Pby . BCF—Pb, .0 4 % 1
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HEW B A TF—Pb 38k, 38 B fp I & A= 9 5¢ RE I 0 &
MREXT Ph (4 & 4 (5 AW X /R 2 Ph AW

HAEH . RS E FREXS Cu.Cd.Pb 1Y & HERE
KWK Cd>Pb>Cu, iz g J1 K/N R Cd>Cu>>Pb,

350 (2 i3 10 (b) i 70 r (c) i}
300 -_:_ . __‘i‘_ iz ~ g a 2 60 a ez
Boaso ] B H k- 22 250t 55
o I I 0 8 w 6 I w 40 | &=
g2 1 FH g & & L &=
i 150 [T]a 1 Ha ]2 o4 o [ 30 ]

A 100 VT 59 00 4o b g b & 9 ] a
= X - - ] d [- B o [t
S 3 S 2 M FA e a
50 '_: :::: :::: o o ‘E‘:—% = :::: - i 10 ::::
0 ':__ |‘:‘_ |‘:‘_ 1 :‘ 1 :‘ J 0 i 1 [ [ [ it ] 0 = L 1 [ iy 1 iy J
CK VC1 VC2 VC4 VC10 CK VC1 VC2 VC4 VC10 CK VC1 VC2 VC4 VC10
i #E i B i B
0 B RN ] NG 7 3 o Ak 3 A 25 5 B 3 (p<<0.05).
B2 FHREFRIBAOME Cu.Cd.PbE=E
R3 EREVNELENEVEEZRHNEZREH

b 3 BCF—Cux BCF—Cdg BCF—Pbg BCF—Cu. BCF—Cd, BCF—Pb, TF—Cu TF—Cd TF—Pb

CK 0.573 1.774 0.413 0.240 1.362 0.195 0.418 0.767 0.472

VCl1 0.571 5.557 0.770 0.269 2.570 0.272 0.472 0.463 0.354

V(2 0.555 7.399 0.681 0.231 3.914 0.215 0.416 0.529 0.316

VCa 0.343 5.247 0.426 0.238 2.041 0.232 0.695 0.389 0.545

VC10 0.236 1.502 0.933 0.055 0.993 0.187 0.234 0.661 0.201

1. BCF—Cu/Cd/Pbg .BCF— Cu/Cd/Pby. 43 51| F 7K 7 AR HEAR 30 A1 1 3B % Cu.Cd.Pb 4 & % % %0 TF— Cu/Cd/Pb £ /& Cu.Cd.Pb M

FAR AR B M L E o F s R A

24 TEMEWENES Cu.Cd.PbEESHEENE

XS

PR & AR AR ES Pb & &4, AR A A Cu,
Cd.Pb &5 5 pH 2 3% st 3% ik 56 Gk
4y, +4 pH H5KFEE TR JEAE Cu M Pb 24 &
FOME. H5RES RIS Cd £ 5% . B A
KL M S BRED AR T A Cd 2 W3 E
K. BRAKIED Cu db, £ G5 E W it & i 5 HoAth
4B AL AR T 35 A G, 1 SRl I 0 5 AR A
Cu & . Cu,Cd,Pb & & /K% & H Al i B2
Cu.Pb DL R AKIFBMEBES Cd 2 W F sk i & 7
OGS BRIE A AT R SRS M &S Cd 2 &
FAEANE 5 4 JE A DG i 5 %) 2 R M R 1 L
EHRE Cd & & i F Cu.Cd.Pb i, LIRS
Cu KR Cd iR A FR A 2 Ph 2 8 3% sl il &
FOAEAHOC, AR O W A OC . FDA K fff 5 15 M 5 AR
#B Cd & s A B Pb % & (BRI A L AT A AL S AR
A Cu LA LA LA Ph 28 sk B F A, K
fiff 3 PE S AR Cu & it RS Cd TR A Pb 2
3 B S R OGS IRE S AT IR RS Cd 2
TEE L ETE NN P
3 Ww
3.1 EYx—FREILE pH ¥

148 pH R + 557 4 RS RS Y Wy v e

LR A K RO B A S8 MY K e+
B pH R6~7" 0 AW K& B, WA gk g Al
B pH FHm, JU H w0 A ok T (8 - 49 i e M
AR Ay 55 R VR Ak B AE AR K B pHL, AT IH I TR
YR FE E S R I R 3L R W R S M
fedl, KA S B B 7 (KT . Ca®" \Na®™ \Mg"")
55y H #E47 384, AT 3 pHE .+
B pH By T s AT RE 52 B R AE AR A 5, A A
R 28 B2 0 3% o A0 A o ) e K I 1 D o R
BIF RO, i oK 18 pHY . 8 pH YR
AR E S B AL, 11 pH 32258 1 5 ) 4 1
HL Aoy PR 358 o A R B e W R DT DE A A 1O A A
KM E SR MIES., WAy i pH 7 &,
Fe, Oy \Mn., O, (W BF /2% G V8 HI 3G 38 A= W) ok 5 1Y
RGBS B AR ESER. A RESES
J& S R, MeAh . 3 pH T a A e R
Yy E far K A AL Y N E BIL R, 3 B 4
R 1 W A
3.2 EWx—FHREILE Cu,Cd.Pb SN
4R AR AL S Pee e b i A
A RO TN PR ) S R RO P 5 R 4 U
A9 AT A8 480 285 FRR R k285 5 25 I AR 4 W A » ] 4R
fR3s Cs AL 245 5 25O Al iR RS CRMLES & 28
BT AR B, FASE 4



% 6

S A A < A W) e X R X7 G e S D T A AR T AR AR A L R R 407

JaE X A A B 5 T WA T AR T S A JE S B AR )
1 22 k0 A NS T O g = S @ S5
SEBMTHAEAN TR EEOBREMAN, &
5% J2 B, it Jin A5 9 e A 4 B IX 75 Y + 3% Cu Pb 1)
ARG LU N T AR A R N, gk ST #
AR I 0 R, AR W 1 S 0 g 3 R E 3D P
MRS SRS SARPF 25 B, — i
AU PR A A e 3 T A 1R Y R AR AT BE B I R
A TN R 2 T B0 R AT L B 5L X R4 Cu® T P Y
W BFFRE 77, 20 Cu A1 P B AR 904 S50 B AR A RS
WA 5y — T AR W) T DL i 8 p L, 2T 4
HHEESFES CO2 (PO B SY . [F 4
Yy K 43 i i) —Se 0 2R 2 5 1 4 Ja AR L PTTE . AT
fiff + 4 4 Jm AT RSB AR R A L R R
AN TR 4 B B [ DA R R A e s 22 5 |
A ) e 3% T 4 D A PR 0 T B A7 A S ) 4 (]
SR E R . AR Cd & & bEE Y R
T8 1 384 T s /b, A RIS 3 B R A ) ke 1 i
FH S 2 B IR REAR B 0] 28 e 45 Cd % &, 3% 5 A
FELE IR A G AE AL 2 B AR W e R AR o % i A Cd

WD I A A S Cd. X AT RS A W ok AE 3 vk
7R I PLH A 5 AW I AP FE /) Fe OV H S5 TR
oy Cd I BB 8 A Wy o SR AL W B A ) 6 1 7
—E PR R I Cd AR RESY . RS
HA BTG g g, R HEXT Ph H A TSR Y W H AR
71, Cd i e b i W B A7 528 55 8 P 25 G, AT
B Pb B 5 i E AE e i Cd A3 PR 0,
B EARES Cd SR, R I, A AR S 4 3
P T A i A AT RE Al i b R Sk AR Y Cd R AR
SRR SN A A RS Cd & i B A= 9 ¢ it 4 1Y
B Z TR0 O AW ST b R A AT RS
A Cd 5 13 pH S W% EAHC. 1Sk,
AR A I 8 o ) AR Bt R TR LR, AT LAY B
Az 3¢ P R HG 2 T R R 19 55 3R ) o T RE T B
W 1 ST O R i1 R < Je I o S o i A . T
PAHE A BIF 52 v 7 AR e 8 10 o R TROAR 2R 20 s ) oK
Xof - v O B AR A B R ER S Cd AT AL
il - A RS Cd B, ph e AT L, AN [] Ao 26 B9 4
EXT A IR EREEEZEFES R R LR
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Root—Cu —0.948" " 0.473 —0.910" " —0.125 0.399 —0.539"
Root—Cd —0.585" 0.260 —0.449 0.676" " 0.881"" —0.407
Root—Pb 0.120 0.285 0.313 0.143 0.379 —0.180
Leaf—Cu —0.918"" 0.185 —0.935" " 0.299 0.565" —0.362
Leal—Cd —0.690" " 0.503 —0.530" 0.439 0.884" " —0.450
Leaf—Pb —0.707"" 0.189 —0.682" " 0.604" 0.832" " —0.100
Wat—Cu —0.830"" 0.615" —0.714> " 0.037 0.645" —0.456
Aci—Cu —0.326 0.079 —0.356 0.604" 0.683" " 0.398
Red—Cu —0.911"" 0.319 —0.878" " 0.346 0.691"" —0.461
Oxi—Cu 0.011 —0.109 0.043 0.874"" 0.718"" 0.347
Res—Cu 0.168 0.309 0.298 0.545" 0.661" " 0.116
Wat—Cd —0.829" " 0.340 —0.792" " 0.465 0.797" " —0.298
Aci—Cd 0.932"° " —0.431 0.888" 0.060 —0.462 0.632"
Red—Cd 0.852" " —0.478 0.846" " 0.359 —0.121 0.653" "
Oxi—Cd 0.969" —0.329 0.969" 0.034 —0.401 0.501
Res—Cd —0.520" —0.122 —0.567" —0.221 —0.196 —0.653" "
Wat—Pb —0.846" " 0.140 —0.920" " 0.083 0.303 —0.284
Aci—Pb —0.429 —0.331 —0.488 0.277 0.156 —0.037
Red—Pb —0.676" " 0.384 —0.569" 0.403 0.718" " —0.557"
Oxi—Pb —0.205 —0.337 —0.217 0.656" 0.445 —0.043
Res—Pb —0.299 0.334 —0.230 0.273 0.617" 0.304
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