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Effects of Combined Application of Coal Gangue and Coal Slurry on Fertility and Microbial

Biomass Stoichiometry Characteristics in Sandy Soil
WANG Liheng, ZHAO Xuesong”
(College of Environmental Science and Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract: In the pot experiment, coal gangue and coal slurry were added with different mass ratios to the soil collected from
Horqin Sandy Land, and alfalfa (Medicago sativa L.) was used as the tested plant. Soil chemical properties, the contents of
microbial biomass carbon (MBC), nitrogen (MBN), and phosphorus (MBP) were measured, and soil integrated fertility index
(IFI), microbial stoichiometric ratios, microbial entropy (qmb) and its stoichiometric imbalance were calculated. The relationship
between microbial dynamics and soil nutrient metabolism was explored through correlation analysis and redundancy analysis.
The results showed that compared with the treatment without adding coal gangue and coal slurry (CK), soil IFI, MBC, MBN, and
MBP all were significantly increased under the combined application of coal gangue and coal slurry. Among them, the treatment
with 10% coal gangue and 15% coal slurry had the highest IFI, MBC, MBN, and MBP, increased by 28.13%, 173.44%, 112.09%,
and 404.35%, respectively compared with CK; soil microbial entropy carbon(qmbc), soil microbial entropy nitrogen(qmbn), and
soil microbial entropy phosphorus(qmbp)qmbp were also significantly increased compared to CK. There were significant
differences in the changes of soil microbial stoichiometry ratios and soil microbial stoichiometry imbalance between different
treatments. Correlation analysis showed that MBC, MBN, and MBP were significantly (P<0.05) or extremely significantly
(P<0.01) positively correlated with qmb and soil IFI. Redundancy analysis showed that qmb was influenced by soil microbial

stoichiometric ratios and its stoichiometric imbalance, with soil nitrogen phosphorus imbalance ratio (N/Pimb) and soil carbon
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nitrogen ratio (SOC/TN) being the main factors affecting qmb, explained 42.5% (£=20.7, P=0.002) and 38.0% (F=52.7, P=0.002)

of soil qmb, respectively, and being key factors drove soil microbial entropy. In conclusion, the combined application of coal

gangue and coal slurry can significantly change in the differences between soil microorganisms and resource chemical

components, thus improving soil fertility.

Key words: Coal gangue; Coal slurry; Soil integrated fertility index (IFI); Microbial biomass; Microbial entropy

VR AR = KA A BE IR 22— R i 7 v [ BE TR
U 7 32 T o B AR R | R AR P A Y
WA, 5 R 15%~30%, 1] 2025
AEFR AT A7 P Rk F) 8.00 f2ml, A bRl
SRV TZ T BER 5 7K J ) 2 [T AR I P 26 T 1
A=, AR 1LY P 20%~30% HYIETRE,
AP HA “=FT —— (R b SRR 4
B, A RIK AT . RORRIE L R R A
(B AEASF T Tl FE i 0 1, 3 R BE 5 e 11
[ ity 2% T R URD S, AT R A AR e e TR
IR T EL oA ) R o A R

AT A7 R () =20 ) R S 26
Yo ASEE Py AF b A5 5 AT A R S B AR G o %6
R A A B A A 2 g L B U A B
AR Y, HARKERMEB R AF 0 b
PHES Fac etk . KPR, AR T8 1 gk
Bl FE, B ERCRAMANE, A S
A LRI BRI AR Ry ek R R
B, AR BT R AL . R L +F
IKPE A AR 25 5, B B s R
B B %) - S s RO AR TR] o ZEAR I T R AL
T . KAt A= 285 Kb ek ), & B e G 4 s
S0 7 i A SR R B RO AR TR A
o AR AR S S [ R AR . BT . KL
ACHE) Bt TCHL A AL ] s 36 IR, e A 38 f5 X)
R IR 00 B RECA (35 (W RE G2 3R, A5 R T 7
YU L PEE YRR R R R | (R A K
Ko BABECLIBIE . BEEA . KR 3 R
FLW O TR L (4 it FH 2468 SR A 1= AN B B PR A
MRACR . BB R, AL AR S A R
UG 3 BB R ACR , v LAE e ks 3 Rk
SEVERR, WRHEFLBRRE . L pH B R OE SRS,
2R IR Y s A S R R AR, ST R
8, (H H AT A e it 18 5 1Dk
AT — 8 L R AR I B A A M oA |
IR A R e i 2% 14 T Uk IR A R
i b2t i R A 5

VoAb A HE A R SCR AT LA MR LR A IR R L

(FDR IR, BeAh + et o Y (MBYYE R £
AL —Fsr, HEsAE/N, HETE C.
N I P JEFR A SEEEE Y T U0 o
fk(qmb). %l (qmbn). i (qmbp)iE IR A=Y
(MBC)., A(MBN)., #(MBP) &5 -5 MLk . 2% .
EBEE S, FE T RN BRI A T DS
AT AE Y A s, w] ARy R o o i A . I
W) RV AN R p 2r S AT R AR RN R,
A EGIAE Wy AT LIAE R AS ] b B4 it 198 BT Y
AR FE bR o IR YA AN W] LAV
WY SRR Lo 0 22 S A R T L S
T BN PHRRENS, B, e YRk
A RRHIEIE S O RIS B E P A S S
HEFR AR 22 8] R SRR IS T R B AT
A FEALE D b - 58 AR AN [7] 5T £ Lo R AT
VAT HAR LY, LUEEAETE T8 (Medicago sativa L.)
LAY, BT R R B SR XD 14
N7 | S A W A i S AR A R AR
Y KA AP PR R AR AR, S b AT A R
BV AN 5T R LR AEY SIS S L ESR
AR Z B 0 SC I, A BT A A8 1% 0 U A 1)
DL R RTD 4ok 1R 4R R 2 AR

1 #RERE

1.1 A

A 39T 2023 AR RIH 1L T A KRB T b
1R B HIOE 5T I 5l 5 AR AR 3 2% (42°6T'N
122°57'E)100 m* @ I N, 2K FH 5 BOREFEE B 0~20 ecm
T2+, A I S E PR A BRI AR R AR 4R,
B J5 AT ARk S e o a4 e iy B AR B Ry
pH 6.47, AHLIK(SOC)4.13 g/kg. A (TN)0.13 g/kg .
SWE(TP)0.26 g/kg. HH(TK)21.60 g/kg.

PERIEAT A AL TILPHLL B =8 R A, pAde,
EUAT . ARERET . B SRRSO SR AL, &
TR A S mm LR, HIERPER R .
pH 8.13, SOC 5.61 g/kg. TN 0.94 g/kg. TP 0.42 g/kg.
TK 29.81 g/kg, HAh#" FonE &m i 1.

AR I 1L PR LR, S SR E S AL 53

http://soils.issas.ac.cn



5 2 39

FIIEE AU RO X XD - SEAE Ty B W E i A R R AR B S R 479

PEHAY 0.5~1.5 mm AREZCRIEYE, 2 A7 Al
WA AR, BT B, ks EE T
ZONEA Rk . BRSO . pH 7.49, SOC
5.69 g/lkg. TN 1.82 g/kg. TP 0.31 g/kg. TK 2.95 g/kg,

FoAt R &R 1.

LY AL (h B — )RRl T IR EH
B UM TR FRA A, B & T R A 2k
HETH TR A AT AT o

F1 BEFAMERNLFTRANR(%)

Table | Chemical elemental compositions of tested coal gangue and coal slurry

HFR SiO, ALO; Na,O MgO Fe,0; SO; Ga,0; CaO TiO,
JERT A 57.70 25.88 0.25 1.32 4.95 2.14 0.01 2.73 0.93
HEe 40.39 31.67 0.12 0.21 2.46 13.14 0.03 6.60 3.74
ZFR MnO ThO, Se0, Rb,O SrO Y,0; 710, Nb,Os BaO
SR A 0.11 0 0 0.02 0.04 0.01 0.03 0.01 0.05
e 0.04 0.02 0.01 0 0.26 0.02 0.20 0.01 0
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Table 2 Experiment treatments
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CK 0 0 TS 10 10
Tl 5 5 T6 15 10
T2 10 5 T7 5 15
T3 15 5 T8 10 15
T4 5 10 T9 15 15

1.3 MEFZE
AR RN E 275 SCIR[19], T HERUCEY A i
(MBC). Z(MBN). #(MBP)X & {5 HE 7=k
R,
1.4 HiEtE
SR YRR (qmbe)=MBC/SOC x 100% (1)
3R Wy R A (qmbn)=MBN/TN x 100%  (2)
SR YR B (qmbp)=MBP/TP x 100%  (3)
i BAL 2T AP AT (C/Niy )= (SOC/TN)/

(MBC/MBN) 4)
WAL 24T AN SE A (C/Pymy)= (SOC/TP)/
(MBC/MBP) ©)

R 22T AT 1 (N/Piy)=(TN/TP)/
(MBN/MBP) (©6)

TIRERE TR RO INES % 3Gk [21]: R

B S N 2T R LR B R a4k, Horp 2 i
Ji4EAR43 90k 135 pH . A HLEK(SOC) . A (TN). %
fA(AN), 2B (TP). ARBHAP)., £8(TK). B
BI(AK), PEMSR] AR LA I8 F e k.

x/x, X< x,
I1+(x—x,)/(x, —x <x<

IFI, = =) =) xa<x<x° %
2+<x—xc)/(xp—xc) X SX =Xy
3 x>xp
(Pl )+ (Il ) (n—1

IFI = - > = x[ ] (8)

n

e TFL o RE8G x ZEENER: x. h
IYRATHE N IR, x, I FARiE LR, x AT
b FBRZE, X, xo. x, BHH AR5
B HERERY AR 1 A PARMED s TFT N R HEZE A AR T
PEMFEEG TFL v M4 R IEIE J1391E s TFL s N+
A BV IE 1 B IME s n VPN AR B
1.5 HiEaiE

AN TE) Ak #E1E) 2R FH 5 R 5 22 49 M7 (one-way
ANOVA) . LSD £ 5 H#(P<0.05) L AR AN~
) Ik L ARy L Rt W A W i A2
I S BN, FIFH Excel 2019 XP 4 7
B, SPSS 26.0 X EHE A T4 5347 ff H] Origin 2024
F1 Canoco 5.0 #EATAH S PERITA 4T (RDA).

2 HERE4SWH

21 BWEAMEREET TEFRS RESIEAEE
BHTWK
% 3 1A, 5 CK AL, JEAT A A e Bt
AFER FIEERE N AR E(IFD) B R m , Horb ek RS
T1 AbBEY TFT f A%, T8 KPR IFI i, 48 CK 3%
PEET 28.13%, T9 % T8 (Y IF1 A M. 1tAh,
T8 AbFE 3% pH LA K TN, AN, TP, TK. AK &4

http://soils.issas.ac.cn



430 + e %58 4%

¥rhlem, 5 CK AR T 8.79%. 43.11%.
49.10%., 27.17%. 73.68%. iRZEFBET, i
it R E BB A2 2 4 = VD bl - AT Ty | HE IR A
PV B AAR(T DR, 3R Tyl RO, b
B AT A RN e P 1 3 n 3R g Bl = 3, H
Jite 0 £ R (T9) 43 HE g S i R, Herp 10900864
1 15% HEVRELHE(TS) AR fef:. T6 AbFH(15% Hi

AT 10% BEJRBECHE)IFT B 2% T T8 4bH(10% 44
AR 15% SRV HCHE) , 50 BH 7R RREAT A A fin
SAHEIRS, VR R RAE K
22 BAAMERERET TEREVEVERE
LEIELRHETN
wmE 1 R, 5 CK ARG, BERFA R e Bl it 45
AbFER 3 MBC. MBN., MBP & 14 3 3548 &

x3 TRUFERMESENIELY

Table 3  Soil chemical properties and integrated fertility index (IFI)

eIty pH SOC(g/kg)  TN(g/kg) AN(mg/kg) TP(g/kg) AP(mg/kg) TK(g/kg) AK(mg/kg) IFI

CK  6.67+£0.02d  3.96+0.03g 0.19+0.01d 52.594+3.29¢  0.25+0.03f  33.20+0.46f 22.23+0.21e  49.85+0.00¢  0.87+0.01f
T1  7.10+0.02bc  5.17+0.01f 0.27+0.01b 67.40+4.38bc 0.30+0.0lcde 56.14+0.47a  23.56+0.63d  56.55+5.76de 0.98+0.0le
T2 7.03£0.05¢  8.10+0.01b  0.34+0.0la 64.16+4.35cd  0.28+0.00e  51.26+0.55c 24.89+0.55bc  66.52+£5.76¢c  1.07+0.02b
T3  7.174#0.13ab  5.11+0.01f 0.28+0.03b 57.90+4.20de  0.28+0.00¢  56.32+0.49a  25.49+0.75b  69.79+0.00bc 1.01+0.01d
T4 7.15+0.0labc  8.10+£0.02b 0.20+0.02cd 57.3143.71de 0.30+0.0lde 51.39+0.60c  25.61+0.42b  53.30+5.77e¢  1.01+0.01d
T5  7.04+0.01bc  7.42+0.03d 0.34+0.0la 59.42+3.87de 0.32+0.01bcd 42.81+1.04e 42.81+1.04bcd 76.54+5.76b  1.07+0.01b
T6  7.08£0.09bc  7.40+0.09d 0.22+0.03¢ 57.33+4.04de 0.34+0.00ab 45.20+1.44d  27.79+0.55a  76.36£5.75b  1.04+0.01c
T7  7.17£0.07ab  7.00+£0.03e  0.25+0.02b 66.94+4.44bc 0.30+0.04cde 42.26+0.59¢ 24.04+0.21cd  53.31+5.77e  1.01+0.02d
T8 7.26+0.07a  7.54+0.05c 0.32+0.0la  75.27+1.60a  0.37+0.03a  52.95+0.48b  28.27+0.72a  86.58+£5.77a  1.1240.01a
T9  7.13£0.07bc  8.47+0.05a 0.26+0.01b 71.5743.57ab 0.33+0.0lbc  50.82+0.56c 25.25+1.11bc  63.18+5.76cd 1.06+0.01b
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Fig. 1 MBC, MBN, MBP and their stoichiometric ratios under different treatments
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Fig.2 qgmbc, qmbn, qmbp and their stoichiometric imbalance ratios under different treatments
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Fig. 3 Correlations between soil nutrient and, soil microbial stoichiometric ratios and its stoichiometric imbalance
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Fig. 4 Redundancy analysis of soil microbial entropy and soil
microbial stoichiometric imbalance
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