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Effects of amendments on microbial communities and nitrogen cycling

in cadmium-copper contaminated soil
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Abstract: By adding four amendments, sodium silicate, sepiolite, quicklime, and monocalcium phosphate, the effects on
the microbial community structure and microbially mediated nitrogen cycling functions of cadmium-copper
co-contaminated soils were systematically investigated. The results showed that amendment application significantly
increased soil pH while markedly reducing the contents of available cadmium and copper in the soil. Among the
amendments, quicklime exhibited the strongest effect, decreasing the mass fractions of available cadmium and copper to
0.02 and 0.43 mg/kg, respectively, and increasing soil pH by 1.57 compared with the control. And, amendment
application enhanced soil carbon and nitrogen nutrient levels and increased the expression of Cd*'- or
Cu?*-transport-related proteins, potentially facilitating microbial adaptation to combined cadmium-copper stress.
Sepiolite and sodium silicate treatments decreased the relative abundance of Proteobacteria while increasing those of

Acidobacteriota and Chloroflexi, whereas quicklime treatment reduced the relative abundance of Acidobacteriota and
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increased those of Firmicutes and Bacteroidota. Both quicklime and monocalcium phosphate enhanced nitrogen fixation

and denitrification functions, whereas sodium silicate and sepiolite exhibited inhibitory effects on the denitrification

process. Overall, different amendments influenced nitrogen cycling processes in cadmium-copper co-contaminated soils

at multiple levels by regulating microbial community structure and function.

Keywords: amendments; soil remediation; cadmium-copper co-contamination; soil microbe; nitrogen cycle

LY E T IERIE T R E O, B
%0 AN S A S SR BRI ), A WFTES15k
B, SR A SR A RS A R S R T
i, BT SRR BRI AR SR A AR DG RS
PIRYFERE, [RImHIS] T BRI 1Rk . XA
DO L3P R R W R FIEN, kel fES AR R
TR YL, Al fe il A g R,
ANGE O 2 R A R — AL 5,
SLAEZ ARBEIRIST 33k i I B < i ol e 52 S B
Yioihert, dE— Pl BRI AR, Bl
AR A AR BRI 4 4T,

NG IER RIS, WM R
TERREN . ERLAT | AR A ORIRETR — A0 518100, 1
S A R TR ANAS RIS SR o] 3 B T < g, oA
SRR, b REdR SR, JATpH,
M R TF R ) A A7 S I RER A1, EAT AT
FUIOHE Y, Bl R BTSNl e i A R R B ARl
AW, SR AR SC T RESE I 0K

FURT, S&FAN TR R AR S 52 5 15 e e e
HAEMAN FRIGERNREZ MBI DI TAI R Z . 5
GEVFA AN ) 28 7Y 8 700 0 A A W A v 5 A B LR
TEPRNBERIRPEAE T, X T isie IR RSB
SEUHI A R S AT, Sl R S
T U IR ININEERR BN . WA . A IR FNRAER —
SUEGAEARTA R A, RGER T LA Y
GERL KBRS RABFA N RERE I, LAY H
JE AT R LR A S IR IR T S BR AR R Y
A RS SRR

1 #MRERE
1.1 kAR

MR HER A WA TR T 32 4 AR S Y
M AR KRG R Z, RBRIR RIS, R fLiE
F2 mmAY T . T 4EpH}5.79+0.09, f&. .
AR . A RO B o 3o B R (2.44+0.12) |
(183.0+0.5). (15.6+0.6). (169.0+3.4) mg/kg, Aiffk .

SRR E0 5 4 (17.30+£0.11) . (1.71£0.00) g/kg,
C. N A10.140.09, AERREH. WA . A KM
WEmR ST L2 0.15 mm TS . A
SRR AL R BRSO TR L
®1 TERRFIDE. 7. RAIRNRENS K
Table 1 Mass fractions of cadmium, copper, carbon, and nitrogen

of different amendments

BB/ (mg ke ™)

B
ki kil ik A
TERREN 0.13£0.00  32+0.01  3.3%0.06  0.45+0.00
(ke 0.18+0.00  5.10.02  4.2+0.08  0.58+0.00
AR 0.09+0.00  2.3+0.01  2.6+0.07  0.49+0.00
B &S5 0.12£0.00  4.5£0.01  3.5£0.05  0.39+0.00

1.2 R

Fi B8 5 43 500.5% B4 Eb 9] 1] 4 38 v 43300 s i
RERREN . WA AR BER AES, LR
T B RGN IR(CK), s bR, AR
PHE 3R, FE25 CCRRREFMF N HFR90 d, RAEH:
FREE I ) IR A G T bR . LR 23R
ay: —IRAERT . BREFNG 4E AT s
FERE SR ; F1— B Hr AR T-20 °C
VKA, T R P A a2 FIDNASRH

1.3 MEIHRRRFE

pHiHE +-3%pH, Hrh HHERIK R LT« 2.5,
i FHICE 43 #1{L(Elementar Analysensysteme GmbH)
I R R AU . S IESCHR[13109 )7
2, fHH0.01 mol/LA kA5 (5 T Ca> FICT
() VA B2 AH DL ) S B - 58, 3R A Agilent 7500A
ICP-MSHll & 2 Bk A RS .

i FIDNAIR 7 £(MP Biomedicals) b7 & 15
HIEEIDNA . HE I DNAREA fy i385 A e 2)
B A BRA Bl SEAT SR Y . R FH 5141 338F
(5'-ACTCCTACGGAGGCAGCAGCAG-3") il 806R
(5'-GGACTACHVGGTWTCTAAT-3)[4 4 14 41 [



98 R A K222 R (A SRBL22 ) http://xb.hunau.edu.cn

2025 4 12 H

16S IRNAJEH , ¥ 385, HIFLASH(v1.2.11)5H55F
B2 FA, FHFfastp(0.19.6)HE1 75 B g6, 4R
JaHFHQIIME 2(2020.24)! T D AD A2U SHi 4%}
RPN TR, SRS, REREA
N AR DR ST AT IRAZ IR 93 HE% . 16S IRNAKE
TENCBL |7 415 HPRINA733315,

1.4 BB

A - e M SR A P e e S A 4R FHIBM
SPSS Statistics 2247 HLIN 2 T 22 /3T (ANOVA),
If1%E i Tukey HSDIFATEREHISS, 24P<0.050AN
Z5HA G #E . FIFHFAPROTAXT A [R] 2k
R AT 52 S U YT RS, S 1
SCHR[19], 33 PICRUSCE AN AR K 1) 2 ik
FE., IR I SKEGGHIREEM RS T X, A
AP Cdr . Cu a8 A AR F A 0
J& . DNAZK il KA S B e 2 5] (9 AH X ik ok B LA
FRAEAFE T BT K] A XS F ik o B

2 HER5SH

21 FRIZRFAMTLEENSREARESH
NIRRT

2R HT, HCKA L, 4Fhik KA AES s 2
EPEE T HHENpH; RERREN . TEIEA FA A KA
ok 2 AT T - 3 P A A AR R S R o A 43
B RERREN . VR4 RIBERR — ARSI E R
T g e SRR i, AR KR
ARG . ARG BT i S B AR FH A 3
pHAHE = AR R4 K, it F (A RS A RS
B R A Ry I 220.02810.43 mg/kg, Hi4-3EpH
B RS 17157 USINBEIR — A8 Y 13 EpH B &
ANFH AR R I FRY 5 Wi A Ab B
RS A RCSAR Tt 0B B AR/ N T A A K
fh, AHHG -3 rb B . BRI A S 3R T E
N

F2 RMBRFEDRNBEISIRERE S BRI R

Table 2 Available cadmium and copper mass fractions and physicochemical properties of soils after amendments application
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amendments application
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