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Abstract: [ Objective ] Reclaimed soil in an open-air coal mine is highly infertile due to its poor physical and chemical
characteristics. The reclamation methods usually improve soil moisture content which has important theoretical and practical
significance for the reclaimed mine soil. [ Method ] This experiment was conducted in the Heidaigou open-air coal mine in the
Inner Mongolia Autonomous Region, in which the following treatments were applied; fly ash, arsenic sandstone and dump soil. A
certain mass ratio gradient was set, including 13 blended treatments denoted as L3F1, L4F1, L5F1, L1S1, L2S1, L3S1, L4S1,
L5S1, L1F1S1, L2F1S1, L3F1S1, L4F1S1, L5F1S1, in which the L, F, S represented three kinds of controlled treatments. The
volumetric water content of each compound soil under different water suctions was measured by the centrifuge method for the
drawing of the water characteristic curve using the Gardner fitting model. The specific water capacity, field water capacity,
wilting coefficient and effective water content of each treatment were also calculated. [ Result ] The results showed that the
Gardner model was appropriate to fit the water characteristic curves of the 13 compound soils. The addition of fly ash increased
the content of fine soil particles (i.e., clay and silt) by 24.11% to 37.19%, respectively, and improved the water holding capacity
and water supply of soil. Furthermore, the addition of arsenic sandstone improved the water holding capacity of soil but failed to
improve the water supply performance. The water holding capacity of L1F1S1 treatment and water supply performance of L3F1
treatment was the best, which was 47.6% and 40.23% higher than that of the dump soil, respectively. The field water holding
capacity and available water content of LF combined treatment and LFS combined treatment were enhanced with the increase of
additive proportion. When the mass ratio of soil and fly ash in the dump was 3 : 1 (L3F1), the maximum field water holding
capacity was 18.02%. On the other hand, the maximum available water content was 13.1% with the mass ratio of soil, fly ash and
arsenic sandstone of 1 : 1 : 1 (L1F1S1). [ Conclusion ] Overall, the comprehensive utilization of fly ash and arsenic sandstone is
beneficial to improve the soil water characteristics of coal mine dump, and the soil water holding capacity and water supply
capacity is better when the clay and silt contents of the soil are within the range of 30%—35%. In this experiment, the mass ratio
of 1 : 1 : 1 is the best.

Key words: Opencast coal mine dump; Soil improvement; Gardner model; Soil-water characteristic curve; Water availability
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RN ERRIEN LS, i to Y+
BRI S AR o 3, B R BOR 2
e KAHR, POREFLBRE A, (HRBIARXT
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Table 1 Mechanical composition of the test material
HLARZH
X5 R} Mechanical components/% A 1 b
Test material Bk KL bhL Soil texture
Clay Silt Sand

HE4- 3% 1 € Dump soil (L) 4.1 18.3 77.6 b ot 44
IR Fly ash (F) 8.7 47.0 443 Ay B 45

fit#> % Arsenic sandstone (S ) 11.4 14.3 74.2 b ot 43¢

xR2

Table 2

FiX A28 S ECR 2 LRI

The composite mass proportion of each test treatment

LF Ab¥f Treatment LF

LS A4b¥f Treatment LS

LFS #b# Treatment LFS

L3F1 L4F1 LSF1 LISl L2S1 L3Sl

L4S1 L5S1  L1F1S1 L2F1S1 L3F1S1 L4FIS1  LS5F1S1

i L A1
3:1 4:1 5:1 1:1 21 3:1
Proportion

4:1 S5¢1 1:+1:1 2:1:1 3:1:1 4:1:1 5:1:1

e L Hety e F MK S: AltRPA, FIH. Note:

L: Dump soil, F: Fly ash, S: Arsenic sandstone. The same as below.
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Fig. 1 Mechanical composition of fly ash, arsenic sandstone and dump soil
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Fig.2 (a)soil-water characteristic curve of arsenic sandstone and dump soil with different mix ratios; ( b ) soil-water characteristic curve of fly

ash and dump soil with different mix ratios; (¢ ) soil-water characteristic curve of arsenic sandstone, fly ash and dump soil with different mix

*3 TRLETHIFEKIFEMEBEFRE

Table 3 The curve fitting equation of soil moisture characteristics under different treatments

Qb7 WA , Qb7 PG 7 e ;
R R
Treatment Fitting equation Treatment Fitting equation

F §=0.253 39" 0.9750 L3S1 §=0.148 50**7! 0.969 8
S §=0.207 06°'4 0.982 0 L4S1 §=0.143 96727 0.961 1
L §=0.130 86°3% 0.947 6 L5S1 §=0.139 36731 0.972 6
L3F1 §=0.184 643> 0.992 6 LIF1S1 §=0.203 46 0.9929
L4F1 §=0.181 66 °*% 0.993 0 L2F1S1 §=0.182 36" 0.982 1
L5F1 §=0.166 96 %" 0.990 0 L3F1S1 §=0.178 86" 0.986 9
L1S1 §=0.173 5¢°*% 0.972 3 L4F1S1 §=0.169 563 0.9812
L2S1 §=0.155 46°>° 0.960 0 L5F1S1 §=0.163 663" 0.980 2

22 ARMESHRTEHLLKETE

FIRE 2 KRRt £k, 530 & i 3
IKERMMXSEIE . S8 A HAE—ERAE FRAE
T HIERKREIIR RN, R 3 AL, LS A 405
6] A {8 AYHERF i L<L5S1<L4S1<L3S1<L2S1<L1S1<

S, B ALAD A B L A3 R, 4 B LSST 4bF
1 0.139 3 ¥4hnZ L1S1 4b#fAY 0.173 55 LF 4&4k
PHIE A {9 HEF A L<L5F1<L4F1<L3F1<F, H 4 {H
KT B L% LS 404 Ab 38 ; LFS 45 403 4
HAAL RS LF 4154080, LS 4IA 4RI, 4

http://pedologica.issas.ac.cn



404 +

T 60 %

{l 1 LSF1S1 23 0.163 6 H4Am % L1F1S1 AbFEAY
0.203 4. 13 FhAfic -3 L5S1 AbBEAY 4 {EH /N A
0.139 3, MK TH L L4 (4=0.130 8) #&T+ T
6.50%, LIF1S1 ZAbBEY) A HE KN 0.203 4, HHET
HE1+3 TR T T 55.50%.

A'B {H AT R S IR BB Ty 09 R/ . ik
SR WK B 4T, A-B {E°R 0.070 9, Zlifitib s 4-B
FIMEAL R 0.029 0, /NFHEL 31 4-B {H 0.042,
PR PRI 22 JFS A A Ab B &2 e 35 A-BAEHET M -
S<L1S1<L2S1<L3S1<L4S1<L5S1<L, A-B HJ{H Fiiftt
b2 Jo at LU A5 A 348 Jin i sk /) 5 26 kb 38 LFS [R] (9 4-B
FE T LSF1S1 ZEFEAY 0.050 6 #/ % L5F1S1 AbBH
) 0.057 8, A-B (MESHLEN A . By GIR A L
AREMNEELR, HEHETBR y=0.007 91x+
0.048 72 (R*=0.982) (Hirh y MALEDE . By K
RE TG, x HSE 4B 0ME ). S5 (B+1)
T LK 258 K W ) AR fe et i R P LF G
AR BRI ( B+1) i Bl oy FRE DK S Jn L 7] P 4 o3 T 34 K
LFS 4G5 AL BFN LS 1A b BENESFAH B, B AN

LB, K 2 e B A I ) 728 AL R B T el 1

4 R AL PRI L 3 AE 1~1 000 kPa /K1 /)
KRR AR, FEPRKE S (1~500 kPa)
ZMFF, LF G403 | LFS 44 A3y oK 2 &
B IELEI RS, (B LS 4l& b3 2 3
FUEEAI L, oK 28 B b o oo B 490) (%) 488 Jon i
Pk o AN [ b ] K 2SR E] 1072 B0 G X
1 + 8K W S AN, LFS 4145 \LF 4148 4b A F] 1072
BORG +HEK W 14 100 kPa, IEET 1 4K fE
ik, TEMHR K SR, LFS 414 b3tk
KREART LF A4 LS 414 kb P AT S 80 A4 L
IEAFAIR, 3RF] 107 Fm Gt 1 i)+ HEk k1 5
HE 37 5 —Fh 50 kPa, I 435 AR MRk
AIRE T AR A, PR Y FK 2R ik 3 1072
BF, KA T BB W RS KRR, R+
B HEIK RE 1 AN FERE K o i AR AR KA Y
KW KT 500 kPa B, B ARBRAY KB HEY
BE 107 B g, bR TRoE, RE R+
b (R 7K o3 BEA L TR WE LA T IR

x4 TRKBRAOTAELBER TIERELKAE /[ mL- (100 kPa-g) 7]

Table 4 Specific water capacity of soil mixed with different mass ratios of arsenic sandstone, fly ash and dump soil under different water

suction
Kb ¥ + 38K F1 Soil water suction/ ( kPa )
Treatment 3 5 7 10 30 70 100 300 500 700 1 000
F 2.32 2.20 2.13 1.35  3.31x107" 1.72x107" 1.42x107" 1.06x10™" 8.03x1072 7.04x1072 1.02x102 8.89x10°*
S 1.09  9.12x107" 6.01x10" 5.00x10" 1.14x10™" 6.39x107% 4.35x102 1.56x102 6.28x10° 4.63x10° 3.01x107° 1.65x10°
L 1.49 1.41 1.35  8.48x107" 2.02x10" 9.94x102 6.69x107 2.33x107% 9.00x10> 6.15x10> 4.55x10° 2.01x10°*
L3F1 1.75 1.69 1.63 132 2.99x107" 1.50x10" 9.54x10" 9.54x107% 9.01x10° 6.79x107> 5.44x10° 5.33x10°*
L4F1 1.83 1.72 1.60 1.04  2.54x107" 1.31x10" 1.02x107" 8.51x107% 5.31x1072 8.95x10° 6.58x10° 5.12x10°*
L5F1 1.89 1.75 1.58 1.05  2.52x107" 1.30x10" 1.16x10" 8.41x107% 5.30x1072 8.22x10° 6.43x10° 5.02x10°*
Li1SI 1.19 1.10 1.00  6.47x107" 1.69x10" 9.03x102 5.98x107% 1.72x107% 7.01x10> 5.40x10° 3.70x10° 1.75x10°*
L2S1 1.25 1.13 1.08  6.91x10" 1.75x10" 9.24x102 6.07x107% 1.75x107% 7.84x10> 5.20x10> 3.74x10° 1.78x10°*
L3S1 1.29 1.20 1.18  7.51x10" 1.86x10" 9.71x102 6.33x10% 1.85x10% 7.96x10° 5.20x10> 3.98x10° 1.82x10°*
L4S1 1.32 1.25 1.19  7.58x10" 1.87x10" 9.77x102 6.36x10% 1.99x10* 7.98x10° 5.42x10° 4.01x10° 1.85x10°*
L5S1 1.42 1.38 1.34 113 1.98x10" 9.99x102 6.49x10% 2.03x10% 7.58x10* 5.90x10> 4.32x10° 1.98x10°*
LIFIS1 1.87 1.81 1.76 LT 271107 1.41x107" 1.21x10" 9.2x102 5.66x107% 7.31x10° 9.52x10° 5.33x10°°
L2F1S1 1.72 1.75 1.66 1.05  2.46x10" 1.32x10" 1.28x10" 8.2x10 5.00x107* 6.83x10° 9.11x10° 5.23x10°*
L3F1S1 1.77 1.70 1.64 1.03  2.55x107" 1.28x107" 1.25x107" 7.58x107% 4.52x107% 9.03x107° 6.59x10° 4.86x10°
L4F1S1 1.76 1.71 1.61 1.01  2.43x107" 1.26x107" 1.11x107" 7.5x107 3.89x107% 6.28x10° 8.56x10° 4.23x10°*
L5F1S1 1.7 1.68 1.60 1.00  2.44x107" 1.25x107" 1.10x107" 7.20x107% 3.21x107% 6.15x10° 8.23x10° 4.12x10°*
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Fig.3 Field capacity (a), wilting coefficient (b ), rapidly available water content ( ¢ ) and delayed water content ( d ) of soils mixed with fly

ash, arsenic sandstone and dump soil in different proportions

http://pedologica.issas.ac.cn



406 +

=

60 %

KRG TR R K R S A Sio, Al
ALO; 2 R AKAAMERRFF KA Eamsl e F
LD AR A5, LA AN OOR B3 AR, 33K
BAMERE R AR, T E A Y A LK B 1 SR A
WY E, BRI E, TRt R, KKhE
o B, YRR 254 O i 1R Y AR A
e HE 3 HEA R K R ERY

FEHE 3 1 8 v i iRy A5 sk 25 A5 I L 4 At
W0 o B BRI TR B 4 D0 R 0% AR i b it Rk 4 1 45
K PERE, HASIN B8, K ReBR Gy, i
MR A A RE M R HE £ 3 e ik ke . Hp
LIF1S1 4b¥ | L3F1 4y 4-B {H& K05 K
0.0539. 0.0589, AHA THE -4 -3 aliem T
28.33%. 40.23%, XUl M+ 5 5B IKE
FeELBiA 3 0 1 B, RIEAK M RE s, HE 4 14
WY . BB 1 1 1 B LR A B RE ISR
T H ek B S KPR RE  (ARCR 5 AR R AH L
IR Z o B2 P R B I A B A8 T HE 37 3
FLBRZERE , /INBLAR 1R B I R 2L AT 3 & 1 /N LB
FE KA H R A, (A5 L B2 ek 20 1 B A FL B
Fef kst R e ARk 7 (1~500 kPa) 4%
T, S C - 400 BUK 75 o B VS 0 5t LU f51) 4 38
B K, K 2k 8] 107 B gt i + 3K T A
100 kPa (fE+3 144 10 kPa ), it +IEHK AR
e, TIEAUKEE R, X5 Mg AR 2 E|
25—, HIRALBRACRAL Y BB SN, Hrb
7K A PR/ IR ) Rk Re R, B R HERFLBR B
SEAEAXT R 2 K 5y, FERE AR TRI K W% g B A5 5L T
ReHE R 2Ky, M R3Sk A et ik,
PAIEIK W /NS K B R, HLH K 25 Sk bl 7K
W 77 0 AR b At e e, AR i 7K W ) 1 28 4 T v
T HERALBR K B HE R, SRS R K% Ty B
BB /INFLBRAE R 2K, AR/ INFLBR P 2R K I L 5 R
LB A I, P ARG /K W 4k S s fn, ke
KRN, H AR B A T .

FEHE 3 8RR K | AR B A
i ARILED A L R TR A 3 nT LA R T
R K, HA ORI ROR e BARHILRD A B
g o R Y H ek, (RO R T HE 3 1 4
B oK S, XD A BRI T B+
ey ERK R, B THEMAR 2 0 1 B HZ
¥, SIZEMEEE RS, BAMRAMagT, &

IR A A5 5 45 55 RO RIS S AR ), KRR T
THEMEERY, X ST R AR K
SEREAS ;s AEHE 3 B TR OB B K B S A L
MIRLED 2 . B IR G )E . AT DA s Y
H )RR, WAT Dt A 0K & &, L1F1S]
A L3F1 AR EEA RS KB 5100 13.10% . 13.9%, #H
BTHEES AR T 11.7%. 18.8%, HIEABUK
SR, AR T ERE S 5 KA Z R P JE
TVE A K AR A K oy S 4T

4 4 %

(1) Gardener #i#l ( S=a-0") REFHLILE T Ak
WA K S HE £ 3 4 LS K S FRIE I 42
RE MR FAE S BC 3K o e . fEHE 37 g
DN IR B S S5 3 T a0 o i, HohoReRL . B
RLE IR 30%A A0, UHEI RIS K BT E
BIASHEEE 3 ¢ 1 B, & 3 AR5 K A K 1 Rl
KA I L B B £ = s e HE R B3R R
T FL BN T S0% b ED i, A G R EA R
GFREAKE, BLACRILF IR s m i sy, (AR
i Ak MERE . BEBUK SR T %, (2) 1E
HE 3 b R m 4 e F R K L fbab A, BR
REPRIIE AT i 4 0 R K M SCRB 3R itk b, R g
XA DXHE 375X — B FORL L Ry R E AR i A
e (AR ST 108, HEREZRG L HT A ok s A
PR ED 2 E AT IR, M AR
WHRL T BAE 30%~35%3E BN ET, 8K R
MR RO B, AR = H R E R HI 1101
BF, 2 EC 3 0 REK HE K BE ) e, 2 T RE R F
B MR IR . AR A B, i T i — A5
T .

£ 3 Hk ( References )

[1] Bai Z K, Wang W Y, Li J C, et al. Ecological
rehabilitation of drastically disturbed land at large
opencut coal mine in loess area[J]. Chinese Journal of
Applied Ecology, 1998, 9 (6): 621—626. [ #},
ESCYE, 2R, A B ORI AR i 2 2 4
AR AIIAD). NS, 1998, 9(6): 621—626.]

[2] Zhang L, Han J C, Luo L T, et al. Water-holding
characteristics of compounded soil with feldspathic

sandstone and aeolian sandy soil[J]. Journal of Northwest

http://pedologica.issas.ac.cn



2 3

K OMSAE: R AR R HE 3 K IR B R BB ST

407

[ 10 ]

[ 11 ]

[ 12 ]

A & F University ( Natural Science Edition ), 2014, 42
(2): 207—214. [3KE&, 588, PG, & mabes
5 RD A S HE L SRR AR R PE AT ST ] P LR AR S,
K22 ( ARBIERR ), 2014, 42 (2): 207—214.]
Wang Z H, LiuZ B, Chen J P. Research on plan of land
reclamation and ecological reconstruction in Hei Daigou
Open Mine[J]. Opencast Coal Mining Technology, 2003,
18 (1): 19—21 [E&E, Xk, BaTr. BISWHE
KRG 32 B R AESTEMVIR[I]. 8BRRH
A, 2003, 18 (1): 19—21.]

Wang S F, Cao Y G, Bai Z K, et al. Spatial characteristics
of reconstructed soil texture in dumping site of loess
open-pit mining area[J]. Journal of Northwest Forestry
University, 2020, 35 (6): 40—51. [L4F3E, B4R,
FRE, A5 B AR K IXCHE 37 T A R i s 1] R
TERFFE[I]. PEAbMRZEBE 224, 2020, 35 (6): 40—51.]
LiuZ, HanL, Wang DY, etal. Soil physicochemical
properties and quality assessment in the coal mining
area of Loess Plateau in Northern Shaanxi Province[J].
Journal of China Coal Society, 2021, 46 (5):
1555—1564. (X4, #é, TFHA, 4. Bt L&
P DX S PV BT BRI [I]. B, 2021,
46 (5): 1555—1564.]

Huang Y H, Cao Y G, Pietrzykowski M, et al. Spatial
distribution characteristics of reconstructed soil bulk
density of opencast coal-mine in the loess area of
China[J]. Catena, 2021, 199: 105116.

XiM Z,Zhao Z Q,Bai Z K, et al. A review on soil carbon
sequestration in reclaimed opencast coal mine[J]. Chinese
Journal of Soil Science, 2019, 50 (3). 748—756. [Ji§
MEAT, BBk, R, A 8RR X R R R
WEFE k(7). L3, 2019, 50 (3): 748—756.]
Li H K, Zhang Y N. Evaluation of soil quality in the
dump of Heidaigou mining area, Inner Mongolia[J]. Soil
and Water Conservation in China, 2014( 10 ): 63—66. [2=
MFFE, SRR, 958 RS I XCHE 13 IR E A
[71. " EK AR, 2014 (10): 63—66.]

Shan L. Plant water use efficiency and agricultural water
regions[J]. Plant
Communications, 1994, 30 (1): 61—66.[IL¢. ¥
K3 IR A R X ol FHK (0], R4 2 Bl
B, 1994, 30 (1): 61—66.]

Vos C, Don A, Prietz R, et al. Field-based soil-texture

use in semi-arid Physiology

estimates  could
Geoderma, 2016, 267: 215—219.
Wu L, Zheng Y H, Zhang Z G, et al. Assessment of

nutrient and pollution risk of fly ash as a soil

replace  laboratory  analysis[J].

amendment[J]. Environmental Science & Technology,
2020, 43 (9): 219—227. [RHk, HKLL, HKIAHE, 5.
3 SRR A - S8 00 R 50 B9 5% 43 RS B U PFAR (D], 26
BREEHAR, 2020, 43 (9): 219—227.]

Zhao L, Tang ZJ, LiuF. Laboratory tests of fly ash as a

[ 21 ]

sandy soil amendment and its effects on soil water[J].
Acta Scientiae Circumstantiae, 2009,29( 9 ): 1951—1957.
[R5, JHEEZE, X005, BB R b BT 43Kk 43 1 2
PERRAY 2 IR (0], BRIERE 224, 2009, 29 (9):
1951—1957.]

Song G L, Han L B, Li D Y. Hydraulic conductivity
characteristics of rootzones at different ratios of sand to
soil[J]. Journal of Beijing Forestry University, 2008, 30
(4): 89—94. [Rieje, whglfs, ZMEH. ARV> LA
AR R 2 SRR 2 (1], dbatbloll K224, 2008,
30 (4): 89—94.]

Gangloff W J, Ghodrati M, Sims J T, et al. Impact of fly
ash amendment and incorporation method on hydraulic
properties of a sandy soil[J]. Water, Air, and Soil
Pollution, 2000, 119 (1/2/3/4): 231—245.

LiuHT, ZhengJ Y, Li G L, et al. Characteristics of soil
aggregates in the Shanxi-Shaanxi-Inner Monglia opencast
coal dump ,
Science, 2021, 40 (1): 137—143. [XIM3%, MLH,
s, . EPREEE R M  HE 13 L A R AR A Ak
R[], Al PR RL2A2E 0, 2021, 40(1): 137—143.]
Tang J, Dang T H, Xue J, et al. Effects of vegetation

China[J]. Journal of Agro-Environment

of an
opencast coal mine dump in the loess area[J]. Acta
Ecologica Sinica, 2016, 36 (16): 5067—5077. [J#52,
SIEWE, BETL, AF. REREIR S B DO HE 137 1
PR AE B R 1], A S 2E 4Rk, 2016, 36 (16):
5067—5077.]

Ge L, LiJ,

characteristics of soft

restoration on soil aggregate characteristics

Peng B. Study on microstructure
in Ordos[J]. Land
Development and Engineering Research, 2019, 4 (8):
36—42. [H, B, S SRS A RO 4 1
FAEDFFE ). PUEKIF & . RHb Ik TARBFSE, 2019,
4 (8): 36—42.]

Li K'Y, Li Y S. Significance and application of soil

rocks

moisture characteristic curve [J]. Shaanxi Journal of
Agricultural Sciences, 1991, 37 (4). 47—48. [ZJF T,
ZE . KRR M2k i 5 SOR ORI [0]. Bk
AR, 1991, 37 (4): 47—48.]

LiYL, GuoCY, Xu M. Non-saturated layer moisture
content characteristic curve empirical formula research[J].
China Mining Magazine, 2010, 19 (8): 105—109. [2%
we, SR, WL AR A KRRt e g g A X
WEFE[I. HE ., 2010, 19 (8): 105—109.]

Yuan J F. Soil moisture characteristic curve and soil
moisture hysteresis [J]. Chinese Journal of Soil Science,
1986, 17 (1): 43—47. [, LK FFAE AN
ORI R A ], R aEE R, 1986, 17 (1):
43—47.]

Fu X L, Shao M A, Li D Q. Quantitative relationship
between mass water content, pressure head and bulk
of soil water retention

density in determination

http://pedologica.issas.ac.cn



408 + o IR 60 &
characteristics II . Undisturbed soils[J]. Acta Pedologica 1460—1471. DKkEEE, HBHIZE, R/NNI, 2. HEAFA R
Sinica, 2008, 45 (1): 50—55. [, #FW%, A 15 55 A X AR A AN 3 B KR RS D], AR
. RHERRKCRRIE I E B S KR M E = 2021, 58 (6): 1460—1471.]
FHERECR ILJFUR ). L34, 2008, 45 [ 25 ] Shang M T, Zhang J Y, Liu J F, et al. Effects of
(1): 50—55.] macropore on soil specific water capacity and unsaturated
[ 22 ] NingT, Guo Z S, Li Y L. Soil water characteristic curves hydraulic conductivity[J]. Journal of Irrigation and
and soil water constants at different depths in the Drainage, 2012, 31 (2): 1—5. [MU84E, K%, X
abandoned sloping field of loess hilly region[J]. Journal Jude, de KFLBA ij:i%ltlﬁﬂ(ﬁi&ﬂﬁ@}ﬂ@m*w I
of S(iil and Water Confervati:n, 2014, 28(i): 166—170. SCR R, K220k, 2012, 31 (2): 1—5.]
[T, LT, =R ;ﬁ‘iﬁ%li%)ﬁ;lﬂiﬂﬁj:“ﬂwk [ 26 ] Huang C Y. Coursematerials for the 21 st century-Soil
AREMZEAR HBROEERF]. K LREFHR, science[M]. Beijing: China Agricultural Science and
2014, 28 (3): 166—170] Technology Press, 2000: 24—25. [# 5 B, T 21
[ 23 ] Yang D, Ma Y D. Feasibility studies on coal-fly-ash ’ -
application in refuse dump of coal mine for soil LIRBHM L HEFIML. st AR AL . 2000:
improvement[J]. Journal of Liaoning Technical 24-25.]
University, 2006, 25 (S1): 324—326. [/}, 2 %. [ 27 ] ZhengZ C,Li W,Li T X, et al. Soil water retention curve
FH A B8 S HE -+ 3 + B B B AT AR SR [I). based on fractal theory in greenhouse soil[J].
TR AR K, 2006, 25 (S1): 324—326.] Transactions of the Chinese Society for Agricultural
[ 24 ] MiMX, ShaoMA, WuXG,, etal. The effects of coal Machinery, 2012, 43 (5): 49—54. 7, Z1,

gangues and caliche nodules on plant growth and soil

moisture[J]. Acta Pedologica Sinica, 2021, 58 (6 ):

IRRT, S BT BIE BB e K 2R i e

T[], AL, 2012, 43 (5): 49—54.]

(RERE: AAHt)

http://pedologica.issas.ac.cn



