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# OE: [869] BTARBEALRES LR LEAIEEGERANG . [FE] RABERRF R, UKETE
BERMIBFER LR daty X AF &, FF0THA LRI | B SR 11 954 90, 135, 180, 225 kg/hm?
HAETHLRLREHNEAANKEZRBEEREHOY 0, [HR] MAERALRE | BRALRE I eesay
A, BRIBEAIGALERAIGE L EEMm (P<0.05) , AV FHAMEASRAESREILAFT FHAM
BOmERANE, MBEEERENGZIREAITZHTHEALRE | AL RE N &S FElel@iart, Lk
BASE, RERANHEE, AW EHA S, LERANEE Y ARG 13.94%~40.84%. 76.44%~266.12%.
77.98%~185.37% . 31.45%~97.53%; 5 & i@ Z BRI L& A8k 5 H 4R F 2.10%~22.96% . 73.27%~101.22% .
17.54%~88.46%. 30.65%~45.19%. A& # 135 kghm? 9t A £ RAE 1| LR A AT LR LR B F LI H AR
7, S A il IR S5 H142 E 306.12% 4= 125.31%. [4538] sefFH 135 kg/hm? a9 52k 5 e 1
x5 B 2 RA R Bk B BB AR R BRI R RAF .
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PRONIRE 112°42'—113°14", Jb4i 36°23'—36°44" 2 [A]
JeE W iR A KR MR U, TSR 8~9 C, YR
o, 7—9 AR S, P 234 C, FPIRE
/K& 532.8 mm, EFETLFEH—MBN 166 d £ 4,

RN P 1 s L S w1 5= 1P ) e
TIRAR R T R, AR R E N . R
Hh AR R HEMRE . B R R IR AR
FARMEIR: HHUFRE 3.76 g/kg. & & 0.28 g/kg. 4
& 0.41 g/kg. T & 26.88 mg/kg. 5 Xk & 3.42
mg/kg. & 90.12 mg/kg.

1.2 {Hik#Rt

BOR TR AN KR 30, PRSI R —F 3,
kA E IR K E N 615.1 mm, 4 EH IR,
PR ARAF A, AEEH 150 d. AL
LA VR IERE: N P,Os. KO S &L A 25 110 ©
10, hPaKEFELIEA R AR A 77 HEEEIRE 1. R
FAREYE . KALKERI R & . R BERRAS . BT % I8 — &
LI E AT, Ny P,0s. KO & A 25 : 10 ¢
10, AHLTEE 26.65%; EIEEIRAL 1. RV,
JERERR AR 2. I BEERES . HRH ML IR — e Ll =
A%, N POs. KO it 25 110 © 10, HHl
JREE 25.12%. A HIBREEEIRE 1 N BRFE AL
THUEIRIERIFRHE (GB18877—2009) . 2 Ml
TRAE ) B R 22 e TR IR AR | 2 R A T i T
J, TR A VR I S A T A ) T o
1.3 It

AARIEK FH 7 EREALE T, JLi% 10 M, 4y
BUNAHEAEALEE (CK) , @R IRALK (CF, %
& 135 kglhm?) . BEEEIRAE | ¥ 4 MbEE, R
90 kg/hm? (CCF1) . Jifi%( & 135 kg/hm? (CCF2) .
Jiti & & 180 kg/hm? (CCF3) . jifi%l & 225 kg/hm?

(CCF4) , MHEFEAIRAE 11 % 4 AMAbHEE, %R 90
kg/hm? (SHL1) . Jfi% & 135 kg/hm? (SH2) . Jii%&
& 180 kg/hm® (SH3) . Ji%( & 225 kg/hm® (SH4) ,
R ER 3 3% 30 NI X, N E A Y 100 m?

(10 m><10 m) . FrAEELT 2017 45 4 H 27 HAEA
JEAE— kN L3R, 4 H 28 H4EM, FiasfE
> 60 000 ¥k/hm?, [RI4E 9 H 28 HUkEk,

1.4 HmRERLE

1EE KRG, RELER)ZE 0~20 cm FIFES.
REEM LIRS, — 0 TUKRBIRIR R, HFle +
B ERFAE AN, B — IR ERAT,
WA T SIEYRAEE R EE, & (1 mm
A10.149 mm) , AT HABFE AR E
1.5 MEMBSRH*

SR FH 2 B TR A 4 B - I A 5 -3 L
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Wes S Mn (ITD -E2 R b =00 i 143Kk v v

N e SR A R R, B R MU 0.38.
R KMnO, A 5 - 3aE A pLee. A
AARIGEEL KMNO 4 13 R ) o3 () B FE 4373 33
167 #1333 mmol/L, H A4 333 mmol/L &b AT 531
TETEA LR EE A LK, #7233 mmol/L E AR
(RS A HUBR N EE A HLBKR, B 167 F1 33 mmol/L
EAL AR IR VA WU 2 2 s B,
IR PR PR RO T AR 3% (CKO

UV E = aw: B
MR R PR AR E (CPMI, %) =Bk ZEFE %L (CPD)
i PE S5 FE FR E (A %100, (D
WEETE % (CPD) =FEfh SRR (g/kg) /2% T
M (glkg) (2)
BRPETEFEAE AL (AD =FERBRIEIRE (A) 15375
TR (A, (3
WS (A =T 3EE AR (glkg) /13
BTG MUK = (glkg) (4
TR E A WU R (g/kg) =3 8GR E
(g/kg) -H3EEMEH MRS (g/kg) - (5)
1.6 BIBSH

X H Microsoft Excel #Fx 57845, H
SPSS Gt it B dm 3EAT 7 Z AT, S =Tk
(Duncan) 656 Ab 3 7] 7= 55 S5 25 4

2 BERE5h

21 2MREESREENERTIZEANIRRS N
2 ol JEREAN [ it 6B A BT A B A 39 B AT LR 1)
MR FEanER 1 Fion. B 1 mran, JHIRERAE 1.
PILEIRAE N AR EAE S CK AL £ Rt R
¥, B CK 2% 14.54%~45.22%. 13.94%~40.84%:;
5@ S RIEABEAH L, B CCF1. SH1 il SH4 4b7
Gb, HARAFR 2 R B, EESIRIE | A8, AR
EERE I HERTEZRE GRS T
4.52%~26.78%. 2.1%~22.96%. MIEILE IR | 4 Fh
LbFE PR DAE Y, %FF CCF1. CCF2 il CCF3 Ab ¥ ()
MAANREZE R EARE, M CCF4 LB 1A UK
B, 2k CCF1. CCF2 Al CCF3 4bF i 21.3%
(P<0.05) . 7.52% (P<0.05) #18.48% (P<0.05) ;
MIESESIRAE 11 4 FhabEE BT UG H, SH2 AbFH 1)
HHUBRE B, 4 ) B SH1.SH3 AT SH4 &b 7 155 23.6%
(P<0.05) . 7.61% (P<0.05) #120.44% (P<0.05) .
PR ZVRAN 1. JEIERIRAT 1A [R] it 0 A 36
5B T HOKIE A YLK IR0 S CK AR Hs 2 5
&, i CK 47 63.5296~145.6%. 76.44%~266.12%;



SRR S5 AR IR B B A WU SR R PR i

5@ IRAEAL AL, B CCFL1. CCF4 il SH1 &b
AL, HApAb B 2= R B, i B e 2 TR AR AL B
FRE 2.02%~34.98%. 73.27%~101.22%. MRS IR
AE 1 4 FhAbFEAR AT LA, CCF2. CCF3 AbHE/KIE

47.1%~50.19%7#11 29.58%~32.31%; i MK JE & VR A
Il 4 FpAbFERRTDAE H, SH3. SH4 AbEERIKIEER
BB & f5t 15 » 49 1 B SH1. SH2 4b 7 15 98.71%~107.5%
F111.21%~16.13%.

VG MLk E B =, 4l CCFL 1 CCF4 A3
A1 2AMALRET LR LEEAMEK, KEWAMEK, MEDEK, & EEAMKBE L&A MK
Table 1 Total organic carbon, water-soluble organic carbon , microbial carbon, total labile organic carbon and labile organic carbon of

different components of reclaimed area under two kinds of coal-derived compound fertilizers

ST HUBKR Total IR TEA UK e _ e i PR WU Highly PO PR B S TEA HUK Total
hb i ) A YRk Microbial . . . . . . .
organic carbon/ Water-soluble organic 1 labile organic carbon/ Mid-labile organic labile organic carbon/
Teatments 1 1 carbon/ (mgkg™) 1 1 1
(g'kg™) carbon/ (mg'kg™) (gkg™ carbon/ (g'kg™) (g'kg™)
CK 5.0240.60d 157.9+13.0e 59.04+2.11d 0.53520.07c 1.1440.04d 2.8340.59d
CF 5.7530.22¢c 287.3+30.3d 89.40+1.68¢c 0.52520.09¢c 1.9040.13b 3.850.35¢c
CCF1 6.0140.34bc 258.2+61.3d 123.05+6.13b 0.67120.19b 1.6440.56¢ 3.900.39¢c
CCF2 6.7820.42b 387.8+18.5¢c 158.6 +5.69a 0.63420.02b 1.8240.12b 4.8940.38b
CCF3 6.7240.10b 379.0+£10.7¢c 163.419.56a 0.69240.13a 2.7440.28a 5.0940.91b
CCF4 7.2940.63a 293.1+33.0cd 132.39+8.67b 0.71340.04a 1.8740.18b 4.8940.36b
SH1 5.7240.48c 278.6+24.7d 105.08+3.23c 0.59040.05b 1.7040.33c 3.7240.62¢c
SH2 7.0740.47a 497.8+35.5ab 128.78+7.19b 0.71740.03a 2.0940.21b 5.5940.23a
SH3 6.5740.38b 578.1+37.1a 168.48+8.86a 0.542490.02c 1.4440.22¢c 5.0340.25b
SH4 5.8740.34c 553.6+66.7a 139.24+8.97b 0.407290.12d 1.560.16¢ 3.8140.42¢c

I RS EARNG FREOR Z R B (P<0.05) » R,

Note fferent lowercase letters after data in the same column in the table indicate significant difference at 0.05 level (P < 0.05). The same below.

JRECASTIRAN 1. B RAE 1A [R] it AU b 3 X
BRSNS CK A Y Z R B3E, 4
It CK #275 108.42%~176.76%. 77.98%~185.37%:;
5 RNEA AL, Br SH1 Abish, Hpubrd
WEREZE, LT ELZRELHEES
37.64%~82.77%-. 17.54%~88.46%. MBEILEIRAC 14
FhabF G AT LA H, CCF2. CCF3 AbFR [t A Mk &
B, 20k CCF1. CCF4 AbFw; 28.89%~32.79%
F1 19.8%~23.42%; MJEIESIRAE 11 4 Fhab3E day L)
A th, SH3 A B S A HLIK & i =, 00l B SH1L SH2
H1 SH4 kb3 60.34% (P<0.05) . 30.83% (P<0.05)
A1 21.01% (P<0.05) .

SO A ML e 4 43 T DL s B o 38 i 1) AR
o, FHS5EAEY) . MY R DI, &
TR RO, R ERAE 1.
SRR 1R i &AL R A R 3 S T WU
My CK fHELIZE RMERE, /40lth CK &5
37.81%~79.86%. 31.45%~97.53%; i@ & IRACLL
FHAHEL, [ CCF1 F1 SH1. SH4 AbFHALN, HAxkb3 Yy
ZRMUHEZE, LT ERERIELHERES
1.3%~32.21%. 30.65%~45.19%. MRS IRAE 1 4 Fh
AbEE A DA, CCF3 AbFE 1) s i 1 AR S B i »
/3 lEk CCF1. CCF2. CCF4 43 30.51%. 4.09%
F14.09%, HAVS CCFL Ab¥izs i 2, 1 MJHIE

SURME 14 PR AT LLE H, SH2 AbBR ) G
WURR & B, 0 kb SH1.SH3 Al SH4 4b ¥ 7 50.27%
(P<0.05) . 11.13% (P<0.05) #1 46.72% (P<0.05) .
PEIEEIRAE 1. IR VR AR 1A [ it 2 2 b 2R
2 R A L ik B 340 I it 2R Y 0 T St 3
Jaib, HARERAFEAR S I8 SE A DR E —
o BEEEIRM 1 BRI 1A [ i g AL B
5 CKAHEL, 38 520 i A ALaR AN s P AL
W, 2P 18.5%~33.27%. 1.31%~34.02% 1
43.86%~140.35%. 26.32%~83.33%, LLrhiG 4 4R
R oK. 5 S VR AR AL EEAR L, IR TR AR 1.
PILEIRAE 1 AbEE G B I s A WL R i
PR 20.76%~35.81%. 3.24%~36.57%; % iE A
HUBR S FR520, A CCF3 AbHE X H B 2t iy MR
SRAE 1 4 FhALIE A AT LA H, CCF3 Ab B (1) i A
Bl s AR E B Es AR SRR 1 4
FhACFE T L Y, SH2 ALBR A mid A AL . s i
AU E R SRS, SIE T o R I hiEvE
A B> =TS A LB -

22 2 MREESRIEXE R T IRREEIRIEHAVE T
2 Foir A VRO [) FH 0o 52 R - 498 e A L 4
sz 2 fros, B3R 2 nrAlL, SRR 1.
FILERAE N AR EGEYS CK Mt ER R
¥, b CK #£% 71.69%~223.77%. 64.29%~306.13%:;
77
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5@ B R IRAL BRI L, CCF3. SH2. SH3 Ab¥i %= 7
PR 2, 2 B I SR B AL B R I 79.62% .
125.31%711 84.62%. MJEILEIRAL | 4 Fhhb3dny L
F i, CCF3 Ab B [y I o B 48 Hi e =i » 439 b CCFL,

CCF2 Fl1 CCF4 kb7 88.58%. 19.4%7/1 40.98%; M
JEILSTIRAE 11 4 FhAbBE 0T LAE Y, SH2 b3 il i
PR B, 20 B EL SHLLSH3 F1 SH4 AbBH = 147.2%
(P<0.05) . 22.05% (P<0.05) 1 142.19% (P<0.05) .

k2 2ARALRIET R L3R4 EEFHISH

Table 2 Carbon pool management index of reclaimed area under two kinds of coal-derived compound fertilizers

Kb¥E Treatments A3 A HLB% Non-labile organic carbon/ (g-kg™) TREEVERE (A TREEFREL (CPD) TREEE PR E (CPMD)

CK 2.1940.12a 1.2940.37d 1.0040.01c 100.00e

CF 1.9040.03b 2.0340.15¢ 1.1540.04c 180.25cd
CCF1 2.1140.21ab 1.8540.13c 1.2040.05hc 171.69d
CCF2 1.8940.02b 2.59+40.08bc 1.3540.06b 271.17bc
CCF3 1.6340.22¢ 3.1240.12b 1.3440.08b 323.77b
CCF4 2.4040.24a 2.0440.14c 1.4530.01a 229.65¢c

SH1 2.0040.01ab 1.8640.03c 1.1440.01c 164.29d

SH2 1.4830.34c 3.7840.75a 1.4130.09a 406.13a

SH3 1.5430.49c 3.2840.58b 1.3140.08ab 332.77b

SH4 2.0610.06ab 1.8530.06¢ 1.1740.01bc 167.69d

33 ® R, B R E>m A>T A, BT a3 E

A HUBAE VPN L3RR ) i Sl bR 2 —, i
B4 BT B HURR S N AR A5 i 2 [ () 3h 25T
718, S P A AR T L — AR e
MUBRIR o &, AR, SRR LR 2 Bl =
SR RN A A P RSO S R O A g R
(9201 W&, AR TR AR S R 4y
AT R e AR A, R A VR A P A R A 5
M -39 MU R LR R

AWFFRI, ML R RAE | AL IR AL 111y
AT (i S B MLk 0 B A SRR RS
e R VR AE AL FRAR B, R VR | AL I
BB 45.229%71 26.78%, RS IRAT 1 kb3E
P2 40.48%F1 22.96%, X5 2 Rl IE S IR ACHI LR
B RALKE . JETER G %, — T, B ERIEALR
SN ET ST, R, EREERA SR 2 H
MURE R, AR R 5 LE I E
MUR RS0 55— 77T, KA. REREG I
BHEIN, Y 55— 7 A FUEHE I EY AR K,
FEVEPTR A FIAR 22 43 WA 38 n, b it 48 n -39 WL
g NP, R SRR | 4 FhAb B, R 225
kg/hm? FIREIE A IR AT | AbBE 1 A WUBR B e e, A
FRH, AL P B E 27 000 kg/hm? TEFE . 5 B+
A HUT RO BE S ALt P B 88 48 im0, 7
FREIEATIRAL 11 4 FhbFR b, il %R 135 kg/hm? 3L
STVRAE 11 A3 A LA i e v, A LR B 2 e Y
NG vk Rt A TR W AR 52 3 A
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AR IKT-A 90, 225 kglhm? I, 35 ks &
T 9Bk 2 - A LR (105 B 3 4,

WRA RN, 57 0 A0 5 i 3 30 53 VR I Ak 38 A
bb, it R AR AR | AL IR AR 11 3B B (it 5
RAHUKEEA N SRR 1A PUR &S
s E AU IR UL 1 SR AR, T AR
STIRAE N PSS AR TF R B B i R TR AR 1.
— 7T, JHIEEIRAE | BT 0 AR R 3 S T R
e, AR EAREAE T, AR 10 i R — AT
S5 B B ARSI E R, BN
OB 22, 08 I oA s S A LA Bh A g
R A SR 11 P 235 SR 200 T A R A VR 5 U
A FLARL, 385 et & B 4398 v [ R 45 4 (1 7
B SN EIEGOK R KM B, AT g
TR AE P AR BT, AR WITE 2 i FH I R
B2 KA U . 2R WL AL 1
N5 387 B P 7t 45 SRR, TTRER i T ont
G W3 AN LA AR F BB, T 43 8 A LA B
R R 2 PSR AL 43, RIS AR 2R 3 WA PO 0 1 e
MBI, T B R R, 5y,
PREEEATIRAE 1 2 1R JE BRI A 20 5 2 B L e 11
FasE Mk« K/ SIBIE RE SR a3 7K R 25 LA R 1)
TR, BEhs s g R Y, i LR AR A
A MR AT, AT LR RIR R s, A
T2 38E A A A B 2 A R K I DR 5 T R 7
BB S DREHE I, ot F mT LA I 47 0 3 A i 2
ThEeRY, MR SRR 22K MK AT LR -
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B 2 7 LA BV D s e 9 S AR A T S A
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FIF 52 B A B B R A A s, S AN I A FE A
3 5 VR AR AL By B3 R 306.12%F1 125.31%. 3R
BRI e 45 R, A WU S HLIEHLIERD & i
) 40 5 A i I B B A IS S5 5 8 v - A e A LA
K, AW S ML, MR B e Bt
HAXATHA, ok EEEE PRI EE 2 s
A HUBR G LT+ AT G35t e mse i B K b T+,
FLARIE A HUBSR BN B T S 850 ey 22 B R A
Tt B HURR RS HLRRR RS M BB S
Hr AT 5t U 135 kg/hm? (R IE S VR AL 1 A B A

4 &5

B L TR AT | RS VR AE 1 e = 3,
2R R PR 250G M A LR &
(P<0.05) , HHIEMHANIRKA S =R HEES
BUR> EE A AR, 1T ERERE SR AR 11 )RR 2
B TR IRAE 1o R VRAR 11 Ab B 5 A it A Ak
HAHE, HISE R KEEE IR FEY R
SOVE A LB & 5 B 3R 13.94%~40.84% .
76.44%~266.12%. 77.98%~185.37%. 31.45%~97.53%:
531 50 A R AE AR B AH E S A HLAR . AKIE A HLAR . 3k
AWk, SIEMEA VS SRR 2.1%~22.96%.
73.27%~101.22%. 17.54%~88.46%. 30.65%~45.19%.
135 kg/hm? [ 5652 VRIE 11 A B 5 ) 40 B L de i
JEAE BRFR BB iy 55 A it A Ak B R 3 A VR A A 3
3R Er 306.12%411 125.31%. MAAH K, Hi%EN
135 kg/hm? ({0535 52 VAR 11 % 52 B - 47 HLBR S
TR BRI MR A
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The Effects of Coal-derived Compound Fertilizers on Soil Carbon and Its
Formations in Reclaimed Soil in Coal Mining Areas

FAN Xiaodong®, LIU Bing®, MENG Huisheng', HONG Jianping"", ZHANG Jie'
(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China;

2. Taiyuan Landscape Construction Quality Supervision Station Shanxi Academy of Forestry Sciences, Taiyuan 030012, China)

Abstract: [ Background ] Economic booming in China over the last two decades has escalated its demand for mineral
resources and the exploitation and mining of coal has generated a huge amount of industrial and mining wastes such
as weathered coal, coal slime and fly ashes. Accrual of these wastes not only took lands and contaminated
environment, it also destructed soil structure and deteriorated soil quality. Compared to long-term cultivated soil, soil
in coal mining areas is characterized by poor structure, low fertility and lack of microorganisms. Therefore, turning
these wastes to useful soil amendment is important in developing sustainable economy. [ Objective] The purpose of
this paper is to investigate the efficacy of using compound fertilizers derived from these wastes to restore soil quality
in coal mining areas. We compared the efficacy of two such compound fertilizers used with different fertilizations to
improve total soil organic carbon and carbon formation in a reclaimed coal mining soil. [ Method] Field experiment
was conducted in a coal mining-induced subsided area which has been under reclamation for four years at
Xiangyuan County, Changzhi City in Shanxi province. Coal-derived compound fertilizer 1 and Il were used with
four nitrogen fertilizations: 90 kg/hm?, 135 kg/hm?, 180 kg/hm® and 225 kg/hm? to study their combined effects on
total soil organic carbon and carbon formation (carbon pools). [Result] With the application of either of the two
compound fertilizers increasing, the content of total organic carbon and active organic carbon in the reclaimed soil
increased significantly; the content of moderately active carbon was higher than the content of highly active fraction.
The compound fertilizer 11 was more effective than compound fertilizer 11 in boosting soil carbon increase (P<0.05).
Compared with the control without compound fertilization, amending the soil with Compound fertilizer Il increased
total soil organic carbon, water-soluble organic carbon, microbial carbon and total active organic carbon by
13.94%~40.84%, 76.44%~266.12%, 77.98%~185.37% and 31.45%~97.53% respectively, while compared with
fertilization with conventional compound fertilizer, the associated increase was 2.1%~22.96%, 73.27%~101.22%,
17.54%~88.46% and 30.65%~45.19% respectively. Compound fertilizer 11 coupled with 135kg/hm? of nitrogen
fertilization was most effective to improve soil carbon pool, increasing by 306.12% and 125.31% compared to that
without nitrogen fertilization and that with conventional compound fertilization respectively. [ Conclusion ]
Amending soil with the two coal-derived compound fertilizers both increased soil organic carbon, and the most
effective fertilization was coupling the compound fertilizer 11 with a nitrogen application of 135 kg/hm® The results
presented in this paper have wide application for using coal-derived compound fertilizers to reclaim soils affected by
coal mining.

Key words: Coal-derived compound fertilizer; soil reclamation; total soil organic carbon; labile organic carbon;
carbon pool management index
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