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Effects of the multi-composite amendment on soil microbial community structure in Cd and As-contaminated paddy soil. ZENG
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Abstract: The influence of multi-composite amendment (including limestone, iron powder, silicon fertilizer, and calcium magnesium
phosphorus fertilizer, abbreviation for LISP) on soil basic physical and chemical properties, the bioavailability of Cd and As, and the
microbial community structure were studied under greenhouse condition. The results showed that the LISP can change the soil basic
physical and chemical properties, reduce the available content of Cd and As in soil, and change the soil microbial community
structure. With the addition of 0.4% of LISP, soil pH, available phosphorus and total phosphorus were significantly (P<0.05)
increased by 0.57units, 130.6%, and 18.38%, respectively, as compared with CK treatment, simultaneously soil available Cd and As
content significantly (P<0.05) decreased by 21.76% and 16.39%, respectively. According to high-throughput sequencing results,
LISP can maintain normal diversity and richness of the microbial community in the contaminated soil. However, LISP can
significantly change the composition and structure of soil microbial community, especially increase the relative abundance of
Firmicutes, Actinobacteria, and Planctomycetes, while decrease the relative abundance of Chloroflexi, Acidobacteria, and
Verrucomicrobia in soil. Redundancy analysis and Mantel test showed that soil pH, available phosphorus, and available Cd and As
were the main environmental factors to affect the soil microbial community structure. The results suggested that LISP is an effective
and ecologically safe amendment for the remediation of paddy soil contaminated with Cd and As.
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Table 1 Basic physiochemical properties of tested soil

e P8 A 4 i HHUR TR A EEpidT ps87 B As MCd B As ks cd
p
(cmol/kg) (gkg) (mg/kg) (mg/kg) (mg/kg)  (mghkg)  (mgkg) (mg/kg) (mg/kg)
5.73 13.99 33.11 219.12 242 169.4 31.08 0.99 0.26 0.32
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72°C,7min.PCR # M= zeid 2t & =M —4
T B e SC P8, R 5 4% 1K SCE H] - Tllumina HiSeq
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FEAILE,T1 A T2 ACBER 354 S0 & B ) i
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PR, b B RO R B 5 23 0] 0 35 (P<0.05) 1 5
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Table 2 Change of basic physiochemical properties in the soil under the LISP treatment

sl pH fH A HLT(g/ke) FH #5748 it (emol/kg) AR A (mg/kg) A 3 (mg/kg) S (mg/kg)
CK 5.85+0.10b 34.78+1.86a 18.58+5.52b 229.5+9.74a 2.52+0.14c 183.3+13.56b
Tl 5.74+0.14b 33.22+2.82a 16.39+7.22b 235.9+22.62a 3.19+0.38b 186.6+22.23b
T2 5.93+0.03b 33.15%1.61a 25.9+5.21ab 255.8+6.02a 3.15+0.34b 175.5+8.19b
T3 6.42+0.19a 33.43+1.46a 29.29+6.37a 257.7+19.1a 5.81+0.36a 217.0+4.31a

B A AR G 22 [ B R R R AL PR AT 755 B 35(P< 0.05).CK.. T1. T2FIT34: 526 RLISPYS I H0%. 0.1%. 0.2%F10.4%,  [fl.
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5 #
Table 3 The relationship between contents of available Cd

and As and basic physicochemical properties in the soil

&2

fem  pHE  HHUR L R AR Nk
i
cd —0.500 0.276  —0.778** —0.545 —0.428 -0.010

B As 0474 0346 —0.715%* —0.408
xR P<0.05;** R 5 P<0.01.

—0.644*  —0.258

LISP %} + 3 Cd F1 As 2tk % m W 1.
Eixh B (CK)AM EE,T1-T3 4b# R H3EH A Cd
o As &8 4 5 2 (P<0.05) FF AL 10.25%~
21.76%F1 10.60%~16.39%,5& 1] LISP nJ [d] i 45
BB LR CA R As AW RbE L, -
A& Cd &Y pH HE MG HIEARS
As FE 5 E D #E (r=-0.644,P<0.05) 1
G I & A= 00 5 A AES Cdir=
-0.778,P<0.0 I A& As(r=-0.715,P<0.01) 1%
F UK (K 3).
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Table 4 Effects of LISP treatment on soil microbial

Fig.2 Effects of LISP treatment on B—diversity of soil

o—diversity

e R EZGRER RS
OTUs #it ACE Chao Shannon

CK 1118+12a  1120+28.3b  1123+29.8b  5.21+0.38a

T1 1147+65a  1157+64.0ab 1164+69.2ab  4.76+0.08a

T2 1180+30a  1204+39.7a  1217+51.3a  5.00+0.13a

T3 1150+10a  1171£6.57ab 1180+8.43ab  5.15+0.16a

55T OTU 43 287K H 153 43 BT (PCA) Al
Ak B & 2 4E br 8 3 (NMDS) BIF 57 s I AN 6] & 1
LISP X} T35 A=) -2 FEIE R 2w (B 2). A PCA
AEH,PC BT R 2 [TTERE A 70.90% A1
19.06%, 231 5Tk % 89.96%, [7] If NMDS 347 () 3t
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Qb B2 [R] (4 T SR A P RV S R B B S
F W LISP ¥ i (1) 22 S AR o] gk — 0 o508 - 38k A=
WV S 1.

microbial community
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R A G Y S 3 BB Rl
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BT 1EE T 1SR (AR = BESE N, 4R 25 B 1D IR
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Fig.3 The distribution of main microorganisms at phylum

level under LISP treatment
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Fig.4 Soil bacterial community at genus level under LISP

treatment
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Table 5 Mantel test analysis of soil environmental factors and

microbial community

IR T Mantel #:5 r {8 P
pH i 0.326 0.019
HHLR -0.048 0.611
e S 0.207 0.075
TR 4L 0.154 0.108
A R 0.419 0.009
N 0.089 0.201
HRA Cd 0.227 0.053
AU As 0.253 0.047

3 g

WGP 0.4%LISP RJ i 25 5 Ar + 438 fh 2
AP, e 3% pH (. BHES FAS#eiE . AL
TR Rl 5 1 S S B v 3 pHL LT s IR T
L5 LISP A Ak (1 47 A A0 A i L, T — e 7
JE e 09 pH L 5 s A PRI S R A K T A
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WA B-Z KPR R, A N LISP mJ o I8 AR
Y TETE 1R 4 RN 45 4, i ot 3 AE W 1 = E A
ZREEE RN,

LISP AbBE N 398 v JERE G [ | TR 1R | 1RV 85
BT T KPR AN 2 BE S N, 2k S B 1S TR
FF R T TR PE R 1) 55 1T K1 ) A ) = B2 BRI
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58 R R AT B 11 AHNS = R BRI 4 Jir R R ke, v o - 338
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