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constraints. These areas are also the primary sites for coal mining, where large amounts of coal gangue are
generated during extraction occupying vast land resources, further exacerbating ecological degradation. Soil layer
reconstruction and microbial remediation technologies are critical approaches for ecological restoration in mining
dumps. However, the potential of coal gangue as a reconstructed soil layer material and its combined effects with
microbial remediation remain unclear. This study investigated the impacts of different culvert layer materials
(sandy soil and coal gangue) and Arbuscular mycorrhizal fungi (AMF) inoculation on soil water-salt distribution
and alfalfa growth within a three-layer sponge structure (ecological layer-culvert layer - waterproof layer). Indoor
soil column experiments were conducted with four treatments: sandy culvert layer without inoculation (S-CK),
coal gangue culvert layer without inoculation (C-CK), sandy culvert layer with AMF inoculation (S-AM), and coal
gangue culvert layer with AMF inoculation (C-AM), each with three replicates. Compared to the S-CK treatment,
the C-CK treatment reduces surface soil salinity by 31.5%, while increasing alfalfa aboveground and belowground
biomass by 49.6% and 38.3%, respectively. (2) Compared to the C-CK treatment, the C-AM treatment enhances
aboveground and belowground biomass by 3.8-fold and 2.5-fold, respectively, but increased surface soil salt
accumulation by 24.7%. AMF inoculation also promotes the development of coarse roots in the 20—40 cm soil
layer. (3) The synergistic combination of coal gangue culvert layer and AMF inoculation increased soil moisture
content in the ecological layer by 16.5%, reduces surface soil salinity by 14.5%, and elevates aboveground and
belowground biomass by 4.1-fold and 4.7-fold, respectively. These findings demonstrate that the integration of
coal gangue as a culvert layer with AMF inoculation creates a favorable soil water-salt environment, offering an
effective strategy for mitigating salinization and promoting ecological restoration of open-pit mining dumps in
western China.

Keywords: reconstruction of soil layer; Arbuscular mycorrhizal fungi (AMF); ecological restoration; water and

salt transport; alfalfa
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Table 1 Main chemical composition and mass percentage of
coal gangue

a5y [t 5 He/o% e %y [t 5 He/%

Na,O 1.021 6 Fe, 0, 6.563 5
MgO 1.633 4 NiO 0.006 7
AlO, 21.2891 CuO 0.006 6
Sio, 62.079 3 ZnO 0.0123
P,0; 0.112'1 Ga,0, 0.003 8
SO; 0.7712 As,0; 0.003 1

Cl 0.018 7 Rb,0 0.019 4
K,0 3.609 5 SrO 0.033 8
CaO 1.699 8 Y,0; 0.003 2
TiO, 0.907 6 ZrO, 0.020 6
Cr,0; 0.0177 Nb,O; 0.002 0
MnO 0.094 7 BaO 0.070 1
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Table 4 Distribution characteristics of alfalfa roots under different treatments
RLD/(cm-cm™) RVD/(cm*cm™) RSD/(cm?*cm™)
)2 /em
NS IS CK AM CK AM CK AM
0~20 S 0.08Ba 0.12Ab 0.06Ba 0.25Aa 0.19Ba 0.49Ab
C 0.10Ba 0.31Aa 0.07Ba 0.36Aa 0.24Ba 0.85Aa
20 ~40 S 0.12Aa 0.09Aa 0.02Ba 0.09Aa 0.16Ba 0.26Aa
C 0.11Aa 0.15Aa 0.03Ba 0.08Aa 0.16Ba 0.33Aa
0~10 0.09ab 0.23a 0.09a 0.36a 0.26a 0.76a
10 ~20 0.08b 0.20a 0.04b 0.26a 0.17bc 0.58a
20~30 0.14a 0.11a 0.04bc 0.09b 0.2ab 0.27a
30~40 0.09ab 0.14a 0.02¢ 0.08b 0.11c 0.31a
ANOVA P-value
TRHRE 0.032 0.617 0.006 0.023 0.018 0.156
K2 (0~20) Ns * Ns Ns Ns *
#7K)Z (20 ~ 40) Ns Ns Ns Ns Ns Ns

TE: AFRE FRAURBIK)Z P CKS AMAR L 8] 1 22 57 i 28, A [al/NE FHRACR A — LR REE 1D WK 2 (S) S A K2 (C) Z IR 22 53 1 35
TR PARIEING FRHRRIF] — SIS FIBREE T (45 225 12, (Duncanii, P<0.05); NsfUFA FIA B2 [0 J0 8 #2557, +RBA AL B R FFAE 2

P25 (P<0.05) -

JEAE A A AR B fie PR R R B AT A 7K 2l e B
AR e K ER 73 A1 HE TS e A B4 AR R, (A A
LT AR TV R ROKEA P, X — SR
Ttyel 5509 A HF T 45 R — 2, AEERWpia 251 K, R IXIE
FR B B A1 J2 AT AN R E | A A ) 2 N A R R
R o MR RFAE A S5 R (R 4) R, AMF fie it 1R
WAMER)Z TR, Y F 2R h 2 e sh
A A R AR FR ARG, LA R PR B2 b R AR A 35 AR A
R IE R, WSS SR R D KRR R R R AL
e — E R B IR T E AR R AE 0~ 20 cm
JER T, SECHARK S SRR m AR T
AT A K Z A, R G R RV AMF {23 T
RIZ LSRR R, EIE A DS B, #Fh AMF
AT LA 5 i I ER AR 8 RN, SR AR A S AMF
AEAEHE - SR B ke R AP AT AT PR A B D TSR

L 40) 240 AR R DA S T AR T 2 5 - B K L BT 4%
U, BIE S 25 SR R W AR B AR 48 bn 5 TR 2 S AL B
Z ) HA B AR S, O L A AR AR T2 B A e
HJZE T, X AT AEJE TR T AL R R R £
o Al Zhang 551 3 i 19 R L5 - K T ik
WL Ha) e B - S A 25 A HTAT AR BUIREN A, 28 A 2 1
TIOUL 25 4 2 A B A Ak, AT AL 21 LB A0 3 A s
X — JRU R AT RE 5 #h o B SR B 5%, T AE A P A
B2 Na,SO,, 1E )= 1 45 A i i f2 vl B2 7 A2 4R
KAEOSE Y, SR, AEAS SCHY BT T 45 R v o Rk R =

RS PR 22 1) A WS A AR S, X — RT3
B Sl N CT 948 55 T BLtb A7 3 0 SR T 52
4.3 BRI OKZE R R I

FEE 25 W JLAAF B, BARIEAT A1 B9 A TR A 1998
AR 2 419 $2 75 B 2013 4 HY 2 64%, {EIERF A1 8 R
BUR K, SR, 3R & 2R ORIk . ihsek
IUAEAT A7 AT I8 25 1 Sk Ve | W B R AR AT T,
XL O 2 R WP A HA VR AR R D RE A7
71 o Han 559l 5 = NI KT T 1A R JR R FORL AR
AR A B 5 T LA R DX S R OK BE T, T A
VR sE TR T Il SRS B, AN AR 1 B A 3 A7
o o R, SEBE TR R AL B, T EL AT R
ERESEINT ¥y E R NI DR P ST SR (BVSR-ITig g
FEIAIKZE, T LSS 20% B E AL )2 AREEE A,
BT DM AT A1 B F IR, Bl TR R A AR
AR S, D T R TG AT A B T A S, TR A
K 2 19K o & B, S TR AT A A XU,
O BERE AR HE L g A R AR T B SRR

Bk 5 388 5 )5 23 B MERE A A A i = R
Hay A JZ 9 TR K 2 R TR, IEB T AT LAUAT R4 A i iR
KIZ R Fia %, HouT LA 35 0o e F B A8 AR &
KE, IR T R AMF 203 )5 2542 i 3 ik 3
6] b3z ¥, X AT BB AR HUAR R 5 AMF 7 AE Y T 22
ERIET S50 . 25 b, JEBO0 T SR m Ak XU % 11
e KA DX, I 0 i B8 ERT A VR ik ) T LA
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Fig. 10 Correlation analysis (q and s represent 0—10 cm and 30—40 cm soil layers, respectively)

1 FLEREE (void ratio, VR) . 357K (soil water content, SWC) , HLF-*R (electrical conductivity, EC) . & 1& 3 34 ¥ & (aboveground weight, AW) | #1F
HRA M) HE (belowground weight, BW), )2 131 (topsoil salinity, TS), *24 P<<0.05,

R HE 137 F A 2 SR AL AR, (EAR XS T K o
A B 9 Eh B R AR 0 DX T 5, U 4G
B SR Y A TR 255 25 8 T AMF 7R 2% A
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