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Remediation of Cu contaminated soil and microbial community as affected by combining lime with ryegrass

DU Zhi-min'%, GUO Xue-bai’>, WANG Ji-wen'?, YUE Dan-dan'?, ZHOU Jing*, GONG Tao'?, YANG Wen-ling"?, ZHEN Jing"?, MU Qi',
CHEN Guo-can'*

(1.Henan Academy of Sciences Institute of Biology, Zhengzhou 450008, China; 2.Key laboratory of Microbial Engineering of Henan Province,
Zhengzhou 450008, China; 3.Zhengzhou Technology and Business University, Zhengzhou 450000, China; 4.Institute of Soil Science, Chinese
Academy Sciences, Nanjing 210008, China)

Abstract: A pot experiment was set up to test the remediation effects in a Cu contaminated soil by applying of lime (SH1, SH2 and SH3,
dosages of 0.1%, 0.2% and 0.4%, respectively ) and ryegrass(Secale cereale ), according to the determination of growth and Cu accumula-

tion of ryegrass, transformation of Cu speciation in soil, and soil microbial community. The results showed that lime significantly increased
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biomass and Cu accumulation of ryegrass and soil pH, but decreased Cu concentration of aboveground and root of ryegrass. Compared to
control, SH1, SH2 and SH3 decreased exchangeable Cu by 58.47%, 87.51% and 74.54%, while increased carbonate bound Cu to 1.36,
1.93 and 1.56 times than control, respectively. The Biolog analysis at 72 h showed that lime had the ability to increase AWCD (average well

color development ), S(substrate richness ), Shannon’s, Simpson, and McIntosh diversity index in the descending order of SH2, SH3, SH1

and CK. Lime changed the carbon source utilization patterns of soil microbial communities obviously. SH2 had the highest level of the car—

bon source utilization. In conclusion, combining lime of dosage of 0.2% with ryegrass could remediate the Cu contaminated soil.

Keywords: lime; ryegrass; remediation; copper; contaminate; Biolog
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Table 1 Basic physical-chemical properties of the test soil

CLICTRNE VAU« U iy s O T TR LAY %
g-kg g-kg? mgekg? mgekg? mgekg? mgekg? mgekg? mgekg! grem™  2.0.05 mm 0.05~0.002 mm <0.002 mm
16.1 0.86 68.1 41.8 907.0 45.0 323 57 131 62.6 24.6 12.8




FEAGC 25 70K 5 385 REAS Cu Y54 RO S SO B MO RE VR R 517

1.3 @S

TR TR TR . I pH A
Fie LK R b 1:22.5, B2 BT (pH S-2C, b REALA
HDWE . BEEBR R Cu & SR TS IR — o R
A, 15 Cu fb22T0 285 P HR IR FH AR Ll g <591
MU Y Tessier 3% 2B M0, JE WIS 3 66 RE Tk
(WFX110A , Jb43F A1) ME .
1.4 HHELE

¥ F Microsoft excel 2010 #1 Windows SPSS 19.0
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S BE HEA T S4BT (PCA)

2 #R5W®R

21 ARMBEELEMERE Cu RITHIFNE

2 2 Won Tt R i ot B2z B K
o Cu WIS o 5 AL BRIRSE RS RE T, 1 R %)
R A B3 43 PR A RO e R B IR B R
FET, AL Cu FREEREIRY, 2016 4F 4 J] 24 H X}
HEAh P PRS2 R ) b BRI R A i B R AIG, hEA
fiX b mAE A K B E R S T R R AR
W SH2 AR S R b [ RIAR 2R A i RO
2 BA BN REALPEAY 47.3 £5F0 32.4 £%, [Al—4b
PR MG FORNERRAL Cu 40 A AL AR 2> 4tb I
o XM THYZ Cu 8 FE M EIFBAER, Cu
AN YR G SR N ML o456 A AR e AL
G, HA IR KI5 5 THRES , A G i iz
B it PR LR A KA I AR T R R
AR R Cu ¥, RHIA KX LI Cu 1Y4l{L
RORWI G . SR AbFRIA) R B FEREAR R Cu VR
Y1730 % CK>SH1>SH3>SH2, Horr SH2 4bHH Sz 2
H EFRAR 2R Cu #e BE 55 REAL BRAR LRI Fe K, 43
BIBEAK T 68.4%F149.7% ., AKENENESIRIGY+
ek BN, B R 4 8w AR N B

WAV RS- AR R R R A K B H
AR FR Cu W38 52 R TR B B, SR/ NI
¥R SH2>SH3>SH1>CK, JH:rft SH1 .SH2 F1 SH3
ALFRIE] MY B3 Co WO TG 25 5, 1 SH1 .SH2 #11
SH3 #RF Cu WP Z R4 B k22 5 o DI RE
AbEE A ARIE SRR A B R FIAR R Cu W
SRR 1, AS[A]ALEE 55 ) BE D FEBA S B Cu W G L
A AR B Ry FE RS AR, S IG L H  E
JKALEEY Cu WM AR XHEL 5331 SR % REAL B () 18.2
37.6.30.9 1.
2.2 AR 13E pH ERK Cu LFEFSH RN

A RS R R 4 S AL TR A I 52 i B
W B A 0 L SRR R SR T A0, 02 1 8 pH (i R
FEMPLR . LI pH BN, —Jy T REAL T e
WHEEFIWRE, A8 T 5ESEE T She
W, HIEPREREE A VLR B A YIS S E SR
B REs G N [, g A YA SR AR R AR
SED AN EMEE AN SEEREFESR S
SN 53—y T, BT R AR S T AT AR £
o, AR 398 i A L i () B 4 S T AW f
T B APC I B 25 o 4 S AR g i 1, A A KU Cu
154k -4 pH (RIS LN 1 IR o X B A3 -
8 pH (EHAR, bt A0 K5 145 pH (5.2 &3, FL3%
RBEAS IR S ARG o, Horh SH2 (SH3 b FE 4 3%
pH {ERT B4 HIBE I T 0.9 1.1 AL, Tessier 2%
PRI 4 EE 4 ) o o T A (EXO A IR FR AR
455 (CAB)A AL A4 & (OxiB) & AWML A
(OrgB) Z5 FIFL I (ResB) 25, 4 58 vh 8 42 )8 T2 840 Mii
S LR K AR A R B YA S [ 2 Wl k)
FEADFE L1 EX 4 Cu &t 5 B 20.2%, BT
LA AL 3, 25 A ) B A P DS AR g i {1, i — 25
Bk EX 2 Cu MYAEYA R0 & R B8 R
Jite A K B AR T 3 EX 3R Cu i, i

R2 ARMNEBEZEEEREHE Cu 8EHNFIT

Table 2 Effect of lime on growth and concentrations of Cu of ryegrass

Wi fg e m™

Cu ¥ /mg- kg™

Cu Wi i/mg-m

o B M b 78 EE B R P
CK 1.2+0.7d 5.5+1.8d 413.2+23.3a 3 018.3+89.1a 0.5+£0.4b 16.6+6.8d 1

SH1 37.1+1.1¢ 120.5+16.1c 384.7+23b 2 480.8+138.9b 14.3+1.1a 297.5+27¢ 18.2

SH2 110.3+4.8a 405.2+24.5a 162.4+10.5d 1 545.3+56.9d 17.9+1.7a 625.4+24.7a 37.6

SH3 65.9+12.4b 244.0+52.6b 219.3+20.8¢ 2 116.1+203.9¢ 14.6+4.1a 514.2+101.7b 30.9

TE BN P EARERE (n=3) o [Al 31y BAR A1 ZR b BRIA) TG 12 35 25 57, TR RN A B 22 53 (P<0.05) . T Il

Note: Data in Mean+SD(n=3 ). Different letters in a row indicate significant differences(P<0.05). The same below.
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Figure 1 Effect of lime on soil pH
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Figure 2 Effects of lime on the concentrations of Cu forms in soil

2.3 AT RTIEREY I SHEERZm

Biolog W2 WS VI RE AR A RO 1A,
ELBE N T 5 4R V5 Y M S5 18 5 S Rk
YA SEREGR P, SR AL B A SR P AE 168 h 1
FEE R PY ) AWCD B (B ALt B AR L ) WK 3
FIE7R AERS SRR 24 h B, -3 6E Y AWCD (3%
ISR, AN BE R A 8 25 25 5%, Bl B 2R
[ 4E K, 4 FPAbIE AWCD (A A RIFREERG N, 120 h =2
JE ISR ETNGE , IFT 144 h fHEE THRE . £ 48~
168 h [REFEAF AT HL, AS[FIAbEE AWCD {ER/NA R
7 SH2>SH3>SH1>CK, H AL BRIE] #4155 1 25 25 5
KF

201 ook
= SHI1
L6 T e sH2
I+ SH3
m o127
a
=
£ 08 /
04 L
Ou}-mﬁ-i‘-. ................................................................
0 24 72 96 120 144 168

Fr Rt /h
3 AT T EMEMSFLFEHREEZH(AWCD E)HIRMm

Figure 3 Effect of lime on average well color development(AWCD )
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Table 3 Effects of lime on soil microbial diversity indices(72 h)

Kb 3 S FEF Shannon $5%¢  Simpson 840 McIntosh 54X

CK 25.67+3.61b 2.55+0.07¢ 37.5+8.44b  4.33+0.76¢
SH1 28.33+2.08ab  2.86+0.07b  43.57+2.26ab  5.27+0.49b
SH2 30.33+0.58a  3.23+0.06a 53.31%1.13a  8.94+0.09a
SH3  29.33%1.15ab  3.16+0.11a 49.98+5.64a  8.61+0.49a
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Figure 4 Principal components analysis of biological data of

different treatments(72 h)
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Table 4 Correlation coefficients of soil microbial community diversity
indices and biomass of ryegrass and exchangeable Cu in soil

HHRFREL W EEESE RARAEYR EX 7 Cu
AWCD {8 0.949%* 0.949%* —-0.874%%*
EXCiE 0.731* 0.745* -0.770*
Shannon f5%§ 0.933%* 0.923%* —-0.937%:*
Simpson $8%{ 0.827%* 0.816%* —0.769*
Meclntosh $5%% 0.902%* 0.908** -0.851%%*

TE:n=12,% IR P<0.05 KF-BFEMK,** FIR P<0.01 K FAL 7
FHHX
Note:n=12, * and ** indicate significant correlation in P<0.05 and P<

0.01 level, respectively.
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Fofu b PR £ I REAS [ R B M SR 2K | B[] — Ab B A
S R N E IR A, AR A P AR AR 5 s A1

x5 B 4NERSEFHRBES ZRRME
Table 5 Contribution rates and accumulative contribution rates of

the first 4 principal components

PCl 45.43 45.43
PC2 20.42 65.85
PC3 9.26 75.11
PC4 7.49 82.60
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