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Effects of biochar on microbial community abundance and activity in long—term Pb and Cd contaminated

soils

SHAO Jia'?, ZHAO Yuanlai’, FENG Yanyu’, PAN Yang', YU Jinzhu’, QIN Hua’*, CHEN Junhui®

(1. Anhui Traffic Harbor Engineering Co., Ltd., Hefei 230011, China; 2. College of Environmental and Resource Science, Zhejiang A&F
University, Hangzhou 311300, China)

Abstract: A pot experiment was performed to investigate whether biochar amendment could alleviate the inhibiting effect of long—term Pb
and Cd contamination on microbial activity. Soil samples were collected from a field that have been subjected to low, moderate, and high
levels of contamination, and were amended with biochar at ratios of 0, 2%, and 4% (biochar/soil weight). Changes in soil properties, heavy
metal contents, microbial community abundance, and activity were investigated after 90 days. The results showed that, compared with the

low—level pollution, long—term moderate— and high—level heavy metal pollution significantly decreased the total microbial biomass (by 14%
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and 24%, respectively), gram—negative bacteria(by 34% and 47%), and fungi abundance (by 56% and 57%) as indicated by phospholipid

fatty acids (PLFAs) analysis, and enhanced the soil basal respiration (by 51% and 73%) and the stress index of bacteria to pollution (by
178% and 163%). In contrast, biochar addition significantly decreased extractable Pb and Cd contents of the soil, by 65%~71% and 28%~
52%, and increased the abundances of gram—positive (by 14% on average) and gram—negative bacteria (by 30%) and fungi (by 32%), as
well as the activity of dehydrogenase (by 426% ). Biochar addition also decreased the stress of bacteria by 20% in response to pollution but
increased the soil substrate—induced respiration (by 99% ). Heavy metal pollution, biochar, and their interaction significantly affected the
microbial community structure of soil. Redundancy analysis (RDA) indicated that total and extractable Pb and Cd contents of soil were key
factors driving community structure shifts. Correlation analysis suggested that the increased microbial PLFAs exhibited significantly
negative correlations with the extractable Pb and Cd contents, but positive correlations with soil pH, organic carbon, and total nitrogen.

Therefore, biochar amendment can alleviate the inhibiting effect of long—term Pb and Cd contamination on microbial activity and may

potentially stimulate soil nutrient cycling.

Keywords : heavy metal pollution; phospholipid fatty acids; biochar; soil respiration
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Table 1 Basic properties of tested soil and biochar
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Sample pH SOC/(g-kg™) TN/(g-kg™) Pb/(mg-kg™) Cd/(mg-kg™) Ash/% Specific surface area/(m?-g™")
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1% WHART]



ABEE 6 A TRt KO AL A5 e OB R 0 B P 69

FIAE B (C) A B A FAR I (PXC) X (AR W e
Vi 2 R P S 5

2 HRESW

21 TEELESETL

R 2R Ty 22 53 A 4 SRR WY, 3 Fys e L g rh g
% G R CaCly AT PGS % 1 22 S I 3 (P<0.001) ;
A5 S T S RRATR T R R TR R
TG (B 1) o AR5 i 2 2 (P<0.001) BEAL T
Al S A AT S OGS AR B i, 5 CO M T, CL RN
C2 £ 3 - 8 b fff o] $E S BT B B AR T 65% i
71% , (T $E SR - IBEAR T 28% F152%
22 TEUEERMBEZEEYETL

R 27 2253 W 5 SR 301 B T G A AE W ot e
XFSOCH B E 5 (F2) . AW s s i) i 3 4
T 3k HERY pH .SOC TN il C/N(P<0.001) . 44
15 Y 5 A4 T BT SOC I C/N AT B 5 I B AR,
A= J5 e it PR O R 7 Y A 3 R SOC T C/N A 38 vy A
JETT G HE A IS YR AR ) T e ) I 2 (P<0.001)
AR T 30 R0 & (L E AR . &
e P AR 5 e 35 (P<0.001) PRI T MR 2 R A )
(43 -2 B AR 28% H122% ) , {E 9 5 1) G I 35 2% 5+ 5
A= B VRN . (P<0.001) $2 5 T BB B AR W i

N
(=]
(=]

[ (A)

P:P<0.001 =
r C:P<0.001
PxC:P=0.01

(98]
[«
(=]

2001

"l 11
c‘ MPC

(=]

BT i Total Pb content/(mg-kg™)

Co C1 2 1CoO CI1 21C0 C1 C2
LP HP
Kb F Treatment
5r(0)
4_P:P<0.00]
C:P<0.001
| PxC:P<0.001

—_

Oﬂmrﬁﬂrﬂn 11

co ClI cC2(Co CI cCc2|CO C1I cC2
LP MP HP

Kb P Treatment

CaCLIREBUSHT & it CaCl,

extractable Pb content/(mg-kg™")
o

H C2>C1, #y4ai5 4« S5 £ 9 i e Wi & Tt B % B 1E
23 TEMAEMPLFAsSET L

WHE T 250 B, SA05 e H A, b &
TP 585 et 535 (P=0.001) AKX T 13 PLFAs &
b, AR S22 0 ) R 149% F1249% (1K1 2) . HH I,
AW 5 R TR 2 (P<0.001) 3 5 T PLFAs B,
5 COMILL,CLANC2ffi PLFAs S -3 & T 14.7%
F130.8%. KA 7K P-4 4R TS Y i 2 REAR T 14
AW PLFAs S (53518 14% F124%) (G~ (34% FlI
47% ) F1 L T B (56% F1 57% ) | 101 Az ) 5 ¢ s Jn 42
T IR R PLFAs i . KA m AR Ts
SRR T AN TR e 4 2L (178% F1 163% ) A4 B/ E
P LB (1019 F1182%) o #HJZ, C1F1 C2 B A A= 9 5 1
AR T I 2 AR T A D 8 4R AR (149% F127% ) R T/
ELA HAE (8% F119% ) .
24 TEMEYBEELENTL

R 2 B 22 o0 7 2250 Wi e B BT S et o %
(P<0.001) 228 T IR W HEVR 2540 (181 3) , A9
AL BT A S MR VR St B A 22 (P=0.026)
AR (EEAT SR ol T VN e =R R ik
HAEH(P=0.031) . TR, — 55
AR T SR RUE Y PLEAs 5 AR 511 72.5% F18.8% ,

7201 (B)
2
) P. P<0.001
£ 15[ C:P=0.444
= PxC:P=0.354
g
s 101
1)
S
3 90
(=)
E
4o cO Cl C2|CO €I C2]CO Cl (2
% LP MP HP
) A Treatment
121 (D)
P: P<0.001
9} C:P<0.001 B
PxC:P<0.001

I = H

co Cl1 Cc2]cCco CI cCc2|cCo0 C1 cC2
LP MP HP
AbFH Treatment

CaCLIRBUSH & & CaCl,

extractable Cd content/(mg-kg™)

Bl EMBRAMT3IMERATBEAREIETURINEARAESTER

Figure 1 Changes in Pb and Cd contents in three contaminated soils with biochar addition and results of two—way ANOV A
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Table 2 Changes in soil properties and ryegrass biomass under Pb and Cd contamination and biochar treatments

URETS Rt Y F4155 1 H

Brmisge R A LA et A A AR Y
Pollution Biochar pH SOC/(g-kg™) TN/(g-kg™) C/IN Available N/(mg-kg")  Ryegrass biomass/g
LP Co 5.59+0.14 26.43+1.85 1.80+0.21 14.69+0.85 149.33+9.00 1.60+0.33
C1 6.09+0.06 28.81+4.03 2.02+0.03 14.23+1.80 144.20+10.10 2.06+0.24
Cc2 6.64+0.35 31.33+0.28 2.28+0.10 13.74+0.48 132.30+6.30 2.34+0.11
MP CO 6.44+0.17 27.38+2.41 1.89+0.14 14.47+0.47 159.60+7.00 1.11+0.11
Cl 6.75+0.15 31.33+3.37 2.19+0.10 14.28+0.87 139.77+7.29 1.53+0.19
Cc2 7.29+0.05 37.60+2.75 2.41+0.06 15.57+0.82 136.73+2.83 1.69+0.09
HP CO 5.81+0.51 22.38+2.47 1.90+0.06 11.76x1.10 142.57+9.81 1.05+0.11
C1 6.84+0.04 36.40+2.81 2.02+0.13 18.00+0.35 123.20+2.80 1.43+0.07
Cc2 7.21£0.10 39.42+1.71 2.32+0.10 16.99+0.23 114.80+3.50 2.20+0.19
P P<0.001 P=0.012 P=0.081 P=0.016 P<0.001 P<0.001
(0 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
PxC P=0.106 P=0.003 P=0.763 P<0.001 P=0.349 P=0.051

T a 2R LA A Jm V5 4 (P) AP B (C) 2y R 7 ALK 2R 5 2840 i

Note: a, the results of two—way ANOVA with Pb and Cd contamination and biochar as factors.
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Figure 2 Changes in phospholipid fatty acid(PLFA) contents in three Pb and Cd contaminated soils with biochar addition and

results of two—way ANOVA
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Table 3 Correlation analysis between soil microbial activity and environmental factors
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~

3k

(3]
T
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activity/(pg-g”'+h™)

5t B G 1 Dehydrogenase

I Ttem ol AL £ AL L Sty A AR RIS
SOC TN C/N Available N Total Pb Total Cd Extractable Pb Extractable Cd
KERpE 0.54% 0.29 0.29 0.16 -0.06 0.24 0.15 0.08 0.19
JEYIESIENE  0.73%%  (0.58%* 0.65%% 0.29 ~0.48% 0.15 0.13 -0.32 -0.02
It S v 0.89%%  (.8]%* 0.78%% 0.49% -0.63%* 0.27 0.25 -0.38 0.03
PLFAs B4 0.42% 0.55%% 0.57%% 031 -0.29 -0.42%* -0.34 —0.74% -0.60%*
2 AT a0 48 4L 0.17 -0.05 -0.11 <0.01 -0.06 0.60%* 0.51%% 0.47* 0.60%*
GG -0.15 0.01 0.19 -0.12 0.15 ~0.78% -0.70%* —0.57%x ~0.77%%
N/ E 0.17 -0.11 -0.11 -0.05 -0.04 0.49% 0.40% 0.41% 0.517%+*

T ¥+ R P<0.01 ;%R P<0.05 .
Note: Significant correlation at **P<0.01, P<0.05.
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