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Soil cadmium content and microbial community structure are affected by passivator application

LAN Yu-shu', YUAN Lin’, YANG Gang”, CHENG Rong*, SHI Gu—qi', GAO Ben—han'

(1. College of Environmental Science, Sichuan Agricultural University, Chengdu 611130, China; 2. Sichuan Academy of Environmental
Sciences, Chengdu 610041, China; 3. Institute of Ecological Environment, Sichuan Agricultural University, Chengdu 611130, China;
4. Institute of Comprehensive Utilization of Mineral Resources, China Academy of Geosciences, Chengdu 610041, China)

Abstract: To investigate the effects of passivators on soil cadmium content and soil microbial community structure, field experiments were
conducted in which passivators (sepiolite, lime, straw biochar, and chelate iron fertilizer) were applied to lightly Cd—contaminated rice
fields. The results showed that passivator application increased soil pH by 0.17~1.29 units and decreased the extractable state of Cd by
29.79%~64.48%. The application of sepiolite, lime, and straw biochar increased microbial community diversity (ACE, Chaol, Shannon);
however, chelated iron fertilizer application was not conducive to microbial community growth and led to decreased microbial diversity. The
relative abundances of Proteobacteria, Firmicutes, and Bacteroidetes increased when passivators were applied, while the relative
abundances of Gemmatimonadetes, Chloroflexi, and Saccharibacteria decreased. Correlation analysis showed that pH and Cd were the key
factors affecting the microbial community; additionally, Cd morphology had an impact on the microbial community. Studies have shown that
the application of a passivating agent can reduce the potential ecological risks posed by Cd in soils, change the structure of the soil
microbial community, and inhibit or enhance the growth of many microbial communities.
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TIEAEI N A Z A AR AR A= 7 f e
A AP BORE, Rl R A 3 R G4 R IS e &=
B PEANC 2, P4 [ s YR B0 IR A A )
7, TR B b - 38 SR BR 3R 5K 19.40% , B4 & 15 G
JuhzEl . f(Cd) R LMESBIEREYZ—, ]
AR AR 1o BRI 2 B S S R A R Y
Cd M REMARKEE , B i, i A S W5
S X A A S R R s R At e )
JE Cd V5 g 3 4 P RAE M B OB . T
UL - ¥ STRUNTRCE S we L4 th7 ) I LR A DINT] 238
54 R Sh P RN AE AT S0 A BRI AR
K B A R 0 K A B Tis FE
Rz BBEARTA] X RS R A R A A R AT
RO BFFE B, 15 G B b it A 0 RT B e
oK FEREFF AW g s h G JRm g AR R0, 2%
A0 IZ I I A7 (45 1+ hm?) Bl AR AL BRAS BE A IX
1 Cd Phim YR H , CAdELBCR T35 36.5% . oM
Wy e VARG AT HL 2 TP e A LA A G
FRW A HRALRE R TSGR 5, g 2 4L
S5, R AR XS T 4 S AR B R W R R RN R H
T ST 7S A e SO AR e, B R A RIS
Cd BB IX 12.009%~30.20%" . 55 45 WF 5% % B - 1
W it 35 S T G 3R R RE A4 S R B R L AR A
A KT AR TR 4 S XA 1 5 Y, G ARSI 5T
TGRS YNAEE SR CAT5 PR R H A R
UFROTE T, BERE A RUARAE Y0 Cd AR

FET, R 2B 5 h TR X LIRS 4R
TEAS 5200 L e B8 4 @ AER ) h e B 1S O, 1 13
o (R R A AR T A Ay 9 R A RS A3 L AR A B
RO, Bl Ry R A I A S T RE Y T AR A, B
FF Wi I 1 70 2 T BURUA: Wy VR D) e D K AR
AR, A I S R IR AL R R AT S b A A
TN )8 SR W A 1 551 %o - Sl 2 O R 4 B 2
PE R W 0 MR A R A R
Xu ZEBIEGE R I, Ak B I ARG I T g v A
YAy i, U8 T IR IR A5

XF I, A BIFFEAE R Cd 5 Y 3 FH op T JR
LB IR TS AR T 4 012 38 F R sl Ae bR G A

AR A R B BRI ) X T3 CAIBAS AR SRS
L MR v 20, LU RE— 20 R Bl A 18 5 AR
Cd {594 H S SR B S SR PSR 2 5

1 #MREFE

1.1 iR g B AE R

5 B AT U1 A SRR AR Ak B (1010247
30.51"E,26°59'8.24"N) , TR A LB F RKRE L
N, BHEILRAE R W R 1, SRR T
A FH b A= 3587 G RS B P bR ifE (i1 1) ) (GB 15618—
2018) PR UE(EAA EL , 24k H 31588 T2 Cd 5 %L .
1.2 kR

BB ) < A (HP) A3 K (SH) A5 FTF A4
R (SW) FEEA BN (TF) , B0 F [ 25 48 A1 4k 2351
HIRA A &M Cd 5 853518 0.25.0.08.0.33
mg- kg F10.03 mg-kg ',

M AR i A R A S K AR TEAL 4727 (DY),
H U148 Aol B2 B d
1.3 R it

T 2017 4F 4—11 J1 F & i B AR : CK
A g AN VS AT e i Ak 580 5 HP Ak 3 Sk 0 1A YA
1.12 kg-m; SHAL BN AN K 0.15 kg-m ™5 SW b3
IS INAE AT A 5% 1.12 kg-m™5 TF ZE PR 7R 0.2%
A, BB E 3 ER MALHES , ik
TH15/NX (3 mx9 m) . Hrr, HP SH 4bFEFI SW 4b
PRy KR Sy B A A N AR Bl A B AL, T Ab 2Ky
TKFETHE SN, 43 PR R WS it /K e 18

2017 4F 4 A FF R 16 R 275 Y i 4 35 i 0k £ 5 7K A
L KR AR S d, % HP  SH AL FE I SW 45 B
TRIR/INX T A A A R N T AUt
D7 iE B 51 A RN BHAHR ) (R 20 em) F-F
A, KAREE B E N, R I REICR 5 — B
(7K A 4 v HEA T RS AR K 3 B S AR g ey X —
o TFAbBRL e KRG 0 AVE R WS, 2 P TOK: 0.2%
BB AR T KA TE . 2017 459 A E ARk
14 HRRERNE

IR T KR BCRIR A FE AR/ XOR B

®1 TEERBLMER

Table 1 Physical and chemical properties of the experimental soil

L7 . AL A N P MK cd/
Index P Organic matter/(g-kg™)  Alkeline-N/(mg-kg™)  Olsen—P/(mg-kg™) Olsen—-K/(mg-kg™") (mg-kg™)
5 i Content 5.56 44.40 100.21 10.77 113.34 0.87
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Z/D 5N 0~20 em 2 13 TRAT, P R AR AR
AYUE Rk d% . — BB B LA T
AT TR URARBEAE T T 2 A U E WA DGR A 5 o) —
TR AL A A T F A N IF L B8 28 S 00 = 38 XAk
17 ESR T BE AN, 2L 0 J5 40 e 4% FRic e .

- 55 pH R P HL AL 0 s 4 AR AP S
S (LR AWM E; 1 4 R IE B R
FH BCR 3% £ 2 UL $R B, ICP-MS il /8 ; EE 42 )@ Cd
4> 5% F HNOs—HF-HCIO0, 7 f# , ICP-OES ] % , LA
GBW07428(GSS-14)VE R i #s , % - HEbn e o o)1 42
H 438, Cd E1H 4 0.2020.02 mg - kg™, i 5o I {8 Ky
0.18 mg-kg '

- R W A - R e B DNA SR PR IRORE
L2 DNA, #E17 PCR P4 , 2 F [llumina HiSeq /7
-5, F R S5 7 (Paired—End) B 5 15 , # /N
F BEOCEA TN o
1.5 LETEIFMAE

A AN RS R B 25 T TR 4 J@ W A S IR B Y
WP 1 R AR . WEAE A S fE E AR A e WL 2,

C=(F1+F2+F3)/F4 (1)

Er=TrxC//* (2)
A COTS Y REG R N 5840785 Cd 5 i mg - kg™
F2 N AR 52 Cd % &, mg- kg s F3 AT AL S Cd &%
i, mg kg F4 AR Cd |, mg - kg s Er i HL—
4 B VA AR A KU AR B Tr R 4 R P R

R BEETEEEHNERE

Table 2 Standard for grading of potential ecological risk index

Cd i Tr BUE Hy 302,
2 HERE55Mm

2.1 ST L IE B A

ANFRZE pH AE -5 X BEZ A L BT n, e 1P
FISW b BRAT 2 T 5, 23 BB 1.29 ,0.44 A HLA
AbFRZH pH AR B KB/ MK R HP>SW>SH>TF (£ 3) .
+HEA ML NP K F iR A ) i SR
B, BIF 5845 5 5B 7, HP 40 3 4H A5 LS & &t 5 25 14
37.15% , Hax Ab B4 A8 A R 34 3] i 27K 5 SW AL B
g TR K B, 5o B AL A He R o 3
103.92%; HP 5 SH Ab B 2H 3 34 P 75 £ 53 1) Jb 2 R A1
29.54% .40.85% , HAR AL I AL AN B 3
22 TECIEESRESKEEZL

BRI - HE T 4 R Cd & B K Cd B 25 1 52 i
WEFTR . 55X HEZAH L, SH AR FEZ 4 38 i) Cd
S T 3.09% , HP .SW Al TF &b ¥ 20 344 fir s K, 43
S 5.95% . 3.77% .4.03% , {8 Cd &5 872846 IR 15
BEKFE,

X HEZH 4 8 Cd 1Y T A LS iR £ (0.35
mg - kg, 43.33%) , H K& A 22 40 45 (031 mg - kg™,
39.28%) FR i A5 (0.11 mg-kg ™', 13.28%) J o] A AL &
(0.03 mg-kg',4.11%) . Fifb b5 4541 4+ Cd
() AT 22 2 55 0 HE A AH U BEAIR T 29.79%~64.48% , %
W EE 91 K 3 /N Yk i HP>SW>SH>TF ., SH ., HP
SW . TF &b ¥4 5 %F AL AH Eb , AT S A0 285 15 o 43 ) 34
11 79.86% .57.87% .62.50% . 159.72% , 5% it 75 & £ 43
WA 57.82% . 171.83% .101.79% .86.11%.,

5 PR . o
L T T — B 5 KR R ACCEr) B T B Cd
20<Er<80 H14E Moderate MG H AL A RN 4 PR o X EZH Cd 1) Er BN
80<Er<160 e Considerable 195.84 , R W] EA B W AE AR A RS o AR AL A 5 %)
160<Er<320 %5 High HREHAREL , Er (H YRR, SH SW \TF 2L BRZH Cd 1Y ErfE
Fr=320 B Very high AT 80~160, F e V5 16 £ 24 IXU G I o 45 o S A A 2
3 dAbEExT TR M RA
Table 3 Physical and chemical properties of the soils of different treatments
Qb AL TRk N AP HEK
Treatments pH Organic matter/(g-kg™) Alkeline—=N/(mg-kg™) Olsen—P/(mg-kg™) Olsen—K/(mg-kg™")
CK 5.56+0.02¢ 4.71+0.12be 84.85+3.40a 14.76+0.24a 56.64+4.75b¢
HP 6.85+0.14a 6.46+0.99a 80.92+5.64a 10.40+3.06b 76.40+3.62b
SH 5.73+0.06¢ 4.56+0.15¢ 80.94+2.83a 8.73+2.76b 49.99+2.95¢
SW 6.00£0.11b 6.21+0.58ab 84.64+2.15a 15.12+2.21a 115.50+6.97a
TF 5.72+0.13¢ 5.60+0.46b 84.14+3.35a 13.50+2.67ab 72.27+3.17b

T R PRSI AR/ ING PREIOR A A B 22 52 2.3 (P<0.05) . FIA].

Note: Significant differences(P<0.05) among treatments are indicated by different lowercase letters. The same below.
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~ Lor *F4 TEELE CdEEREIEN
‘—?D 08b —i— —I— —l— + . Table 4 Ecological risk assessment of Cd in soil
o0 . B
f, AL P Treatments Er H A SE ERLIE Potential ecological risk
S 06f CK 195.84 5 High
5
.g HP 58.02 F12% Moderate
E 041 SH 108.68 #57% Considerable
ﬂﬂ?l_ﬂ ozl SW 86.14 % Considerable
« TF 96.23 15 Considerable
“
CK HP SH SW TF
Kb FE Treatments

Inf 22 32 45 Exchangeable fraction A i£ JF{ZS Reducible fraction
AnT 44k 45 Oxidizable fraction N5 8 4 Residual fraction

1007 RN AN NN R
Y § S X
. N D\
ol N 2N D
: > =
T 60f <
g 40F
%
S 20f
0
CK HP SH SW TF
Kb Treatments

B S E TiECd RERBERSH I
Figure 1 Effects of different passivators on total Cd and Cd

fractions in paddy soil

KBS . HP AL FRZH Cd 1Y Er {5 K 58.02, A v B 7 A
AN (F4) . Sk r 5 B & FEAL T -3 Cd iy
2.3 ST L IEEMEWEE SHEERZMm
ANFEEALAR P 3 RUE YR OTUs BURET, 2
FEVEFE B AR IR DL L 26 5. 4% Ak P s 3 o Y0 e 7
TRIIKT 99% , S WA UM 7 45 S AEA Hh g R g A
DU HH 7 T . VAR I EG AL SRS T HP
SH 1 SW Ab BRALREVE (1) ZFEPE  {H TF AL FRZ % OTUs
BOCHETSE ZREMEIR B BT . A iR 3=
B RESEE , TF 2 FRZH 4 ACE F Chaol 48 5043 51 A%

2.26%.2.07% , o 25 846 P n , R B /MK
N SH >SW >HP. MIAEYIRETR ZAEIERE , TF 2L B
A1 #Y Shannon FEHU T M 5.50% , FoAv45 LI 47 FF s
Shannon $8 £ 38 i e K7 A SW AL BRZH |, HYk A SH Ab
BLILEZE S

IR BT TR AE T FE R A R BN AR T TS
ST B 7] (Proteobacteria) R AT & | ] (Acidobacteria) .
T ] (Actinobacteria) 8T 7 [ ] ( Bacteroidetes )
%3 45 18 1] (Chloroflexi) , AH % = B (5 I 68.56%~
77.60% (1€ 2) o TEFTA AL TR BT G b
H31.53%~39.83% . U RIRAT R VL E], 5
B 5 HE 13.18%~18.26% F1 10.35%~14.34%. i A +-
e 35 R I ZF LU A ] (Gemmatimonadetes ) |, 2 i€ {4
B ] (Saccharibacteria) | J&BE [# ] (Firmicutes ) | 2% [#
] (Chlorobi) \fiif fk 822 1% ] ( Nitrospirae ) , {HAH X} 5
JERAR . MnEiie s, &AL PR AR BT R
T SRR IR TR BRI, 2R A TR 1] A o ] L AR
FEMATE T TAEXT = BB . HP A FRZH B BR AT 1) AN
JICER TR T TR = BEREAIG, oA 4% 238

FeT Beta ZHREIESM BT M R H LR
PCoA 43 BT 45 e ULIET 3, 25— 43 (PC1) XA i 25 5
(R BTIRE 50.73% 5 55— 3 W43 (PC2) XA i 25 511
DUERME R 29.13% , 3 W] T 3B G A= W) 1 5 245 4 20 2
BN [FEE A0 AL R A 52 e 2R . o SW O HP 1 SH 41
B AT, U BH I 3 A B Tl A W ARV S A A Sk A
I T B s X B % T A R R AR R U A

RS FELE T EBEMB TR S FEERNEL

Table 5 Changes in the functional diversity indices of the soil bacterial communities in the different treatments

AL B Treatments B W5 % Coverage/% OTUs ACE Chaol Shannon
CK 99.86 1 615.54+24.47a 1 661.49+24.72ab 1685.51+29.11a 6.18+0.02a
Hp 99.83 1611.51+49.53ab 1 666.47+40.27ab 1 687.32+39.70a 6.20+0.06a
SH 99.82 1 678.50+4.49a 1724.69+1.31a 1731.54+1.97a 6.21+0.01a
SW 99.88 1 640.01+1.04a 1 678.49+4.06ab 1699.08+2.27a 6.26+0.06a
TF 99.71 1519.52+11.54h 1 623.89+8.82h 1 650.64+10.27a 5.84+0.07b
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Figure 2 Effects of different amendments on the main phyla
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Figure 3 Principal coordinates analysis(PCoA ) of bacterial

communities in the soils from different treatments
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Figure 4 Heat maps of different amendments on the main phyla abundance of bacteria
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R K 5T WV 2 FE TR bR X T B 3 AR G
HAHMERAR ; Cd 5 ACE il Chaol $5 40U 3 1E ARG,
5 OTUs J Shannon 1 IEAHOC  (HA SIS R 2 (Er) 5
SR Z R R R R i
I3 AR AR TR SR RDE S Cd Z [ DG &R
(E15) ,RDA 45 R s, 45 CAIE B Z R X R K
A B A543 ) 5 AT B AR AT A AL AR B R AR G T
A AE S AR 3RS N TR G, U S RIS
BB FEAAG, TR CAEEN R AU
BT VRS TR BT 15 AT e 4 28 2 0 3 00 M OG 2R B 1
1] RS TAT VRI R T 1] 5 ] Ac 3 AR OG

Ro TEMEMBESHES TREBEAMRBXES T
Table 6 Correlation analysis between soil bacterial ecological

diversity and soil physical and chemical properties

FE4R Index OTUs ACE Chaol Shannon
pH 0.89% 0.827 0.78% 0.37
AL 0.09 0.10 0.06 -0.15
Bl N -0.13 -0.03 0.06 0.04
P -0.03 0.18 0.18 -0.08
R K 0.04 0.18 0.22 -0.33
Cd 0.59 0.69* 0.78% 0.27
Er -0.50 -0.50 -0.60 -0.30

T+ B EAC(P<0.05) , == FM L E A (P<0.01),
Note: * indicates significant correlation at P<0.05, ** indicates
significant correlation at P<0.01.
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Figure 5 Redundancy analysis of bacterial community

composition in different treatments
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X 4 R TR 1 52 , 32 = 13 pH RB AR IR 1
R 4 B A R RE R e ), FL R R pH R
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FH TV A B L R TR K W B PR i A 4 A5 i
RO B - S A R, R AP IE SR, ) Cd VS
PR 1 21338 TPt i 0.5% 1 v 0 A 1+ 338 Cd A7 RS Mk
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3.2 LTI TEM AN ER SHEENRMm

AN [ Bl AR T S Gl A MRV 7 LR AN TRl 52 )
AT B2 F Tl Ak R R S 41 ) sl SR R A
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P o R 28, DA (s A A 4 %) = B R kA5 21
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F1 Chaol F8HIHR K



2020£ 12 A

2R A, A AR AR T LS CA IS R WIS ) 5 ) 2749

TE A B 7 A I & 2B BT ] (Proteo-
bacteria) \FRFT i1 ] (Acidobacteria) . LUFF ] (Bacte-
roidetes) | il 28 4 '] (Actinobacteria) Fl 2§ %5 [ | ']
(Chloroflexi) o 3 5 H A A 5% 45 R AARL, 3% LU TR B
M T EESEG Y IR TR HRE, R X e
RUE T RE Ry it 4 i AR AR BFREE IR R, +
SRS TEAT T T AR 32 B AR, it gt A 790 J= 15
0.75%~23.69% . VI Z 5B TEAT W [ 13 H )R
15 G AN U, RE 8 7E T 4 TR R S B I IR B rh AR
PN — RNy BR AT TR ) W R , AN 1) T 78 8
BErh A A, AW 45 3 Bon , i fbn s +
S pHAELHE N, BRAT AT TAEXT = FE AT s, 55945
W o (A BT A BT P ek i P45 v G D
HH R AT B BE LR 7 81, IR FOR AT I T AR R S
A g PR R A O HEMNIZ IR R T RE
PR TR 38 PR3 DR Wi 1 A7 A 22 S A R I Ah,
- Y JEERE B ) (Firmicutes ) AH X 32 B8 78 it fin i £k
5 A BT, JEERE T 1] 3 SRR TS Y A R R
Hl R, B A A Cd A A KRS R AT JEERE TR
AR BEAERE

REWFERY], TR Y 2 2 P55 K R
M) , 36 6 [K] 22 A0 4% - S A MR o | IR TS T )R
S ORI AR OR  pH SHUEMI R g2
FEPFEER . 25 M G, 150 192 R 2 Ak D AR 7 S T 45
R, T 358 78 TR BN R A e v S T A B
TEZAIFFE Th 75 Y pH 2 52 AR WU 7 1 SC B A
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FEAE R 3 IO AR OGP, (BAEABIE 58 vh IF A 45 3t
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I, DRkt ] A A ol o 3 A v A kb T SR I,
AMT AR LT . A Cd & &2
A YIRETE B 75— 22 Xiao YR IF 5 48 7R T
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R SR A AR
4 £
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ria) . S L ] (Gemmatimonadetes ) FH X 3 J& 14 f
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