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Fig. 1 Sketch location map of the test area
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WHIE , ABWERIIESG, AR
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Table 1 Particle size distribution of the tested soil

Rhhr

- e T3 Y
BR (=0.02~2mm) (=0.002~0.02 mm ) ( <0.002 mm ) R
Soil type Soil texture
Sand content ( % ) Silt content ( % ) Clay content ( % )
fiLibE b L
34.55 6.37
Soft sandstone Silty loam soil
Wl B
70.14 13.45
Sandy loess Sandy loam soil

1.3 HuEAE
B R FHExcel 20074k BEF1SigmaPlot 10.0
WAFERE, SEAISPSS 19.08E47 )7 2% B LK 1
(Duncan) . HHEAEEKEITTEARXMA (1), K
AP ARX I (2)
V=3V Vi=0,xh (1)
A W=P-ET-D (2)
K, VAERHOKS B AFRE (mm) 5 Vo2 E
KA AR (mm) , i=1, 2, ;3 BN LEE
B (em) ;3 O HBEREKE (%) 3 AWHE
Ak 12 (mm) 5 PAHREME (mm) ; ET
J A ERE (mm) 3 DR HIEKSEEBRE

(mm) .

2 4 R
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0 ~ 50 cm 21t 7K 1 fifi B[R] 22 £k a0 I 2 B
A HEAK G5 1 Bl 25 A8 Ak = S U B RN B B S B A
AR EAE R, B RERS0 em, T
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W) AR AR — 80, HB R A ZE 00 A Ay
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ETEMETRENSBEX, KASWER. AR
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F20144E7H—9 A R4 L (189 mm, 4R
WAERAT70.68% ) , FTLI20144E7H—9H & fid +
fA A JZ2 A 7K ik S LA ) 1 e v L, LA A 1
IR K i — ELAL TRARKE . 120 —34E4 )], i
TAEERT SRR N T, LMK RSB —E 4
o BEAFET MK, 6F HIREKEETI K
MR A L-S-PP > L-SW-PP > L-S-SP > L-W-PP
>L-S>L, S5XEPE ML, L-S-PP, L-SW-
PP, L-S-SP. L-W-PP+ &4 4E %K &t 43 51 &
13.00% . 11.05%. 9.65% . 5.42%, L-S+t{kfi/K
HRTLEK, HERARE.
22 AREREAEKSERENTH

T &/ N SRt b4, Hi N RO,
WK S5 430 B A B R K AR . AR 13
KA AR MBI RD=P-ET- AW, 1T K
51 IF1E] N ZE O B 1 Bk Ak F 808 H 9
H—9H20H A ZE W 0 ) ik 5. i
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L-S and L indicate sandy loess+soft sandstone, sandy loess+soft sandstone+weathered coal, sandy loess+weathered coal, sandy loess

respectively, and the same below
K2 ASRBER A PF T K i sl 5 4
Fig. 2 Temporal changes in average water storage in soil as affected by natural rainfall
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Table 2 Soil moisture regime in soil relative to composition

ik A4k

b N o o B
Variation of water storage Evapotranspiration
Treatment Rainfall ( mm ) Leaching loss (mm)
(mm) (mm )
L-S-SP 44.51 85.11 137.6 7.98
L-S-PP 52.46 86.89 137.6 -1.75
L-SW-PP 42.61 97.16 137.6 -2.17
L-W-PP 41.28 98.85 137.6 -2.53
L-S 21.60 79 137.6 37
L 19.51 98.09 137.6 20

EREMBR (7.98 mm) , HBIKEEIZ/NTH
ABE R, BB A N B8 2 B AR
AT PUTRER B A 0 Bid 2 0 = Fh KK 08
Tt g (R, 25 3 T [ 2% 4T 50 0 o 5% 2 S5 ufe
MR RE R, AT LA IR B, UL TR B A
eIk T KB, WA BIE)EL AR RML-S+
RIRI T TR KRBEERNK BT, 535312520 mm .,
37 mm, SV ARRL-SEERMNBRERKTER
PR WL, HIEFE T RRTE T &MtV A B iR 1
P RALBE e B i TR B BT 8 s, S EUR
22 17K 53 38 3 A0 2P Bt PR3 38) 38 i 2 T U K

23 FEERLALIEFNSKENTRNE
R RE (CV) ZHRRAE LK i A8 e
B, AR R RO, SRR SOK e g
0] DLAE— 8 A2 B b ROl RAF R E K AR ik
6 A2 it R - SR AR S K AR S R BN EI 3R o
T LUE Y, 455 B0 A A T - AR K
AN S RBUBE TR W, R R, R
TG IR Ko A S B o h S AR o 6Fh AR B oK
P RRER/N (82%~10.2%) , (B85 RZBHRK
(52% ~71%) , HUBHTEREIS, Tk
SR A SR B KR KA R R . TE A SRFE
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PP, L-SW-PP - {& A5 5 2 K bl U 3 45 i
FREME, 40 ~50 cm B THERAIBG . ML-W-
PP, L-S. LEARTEREAHIEO ~ 50 em T RS
K AR S 2R B TR R I 8 AN, R A Ak oy
WA E, KR AN EEEEY . LR
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e/, LA RS C VAR BE TR B R 2 - A2k
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B/ SLAEMEAHLE, B FHBENERE, L-S-
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FE R R SRR E T
24 TEARBIKEFNESH

- ) AR SRS K = I E 4T R . AT L
i, oFf LK R R
0 ~ 30 cmifl] 17 3 PR R 5 7K ok Bt - 9 % 5 A 34 i
e, HIGMRUIE, mKMERHAE40 ~ 50 ecm)iE)Z
(17.4% ~ 18.9% ) , 1 K 5343 AR B ARIE T
SRR E KRB RE ) . L- SHLAL, B
0~10 emZFEJZ4L, BT A FEGRE [E LR 5K
A PEAR SR, HoAth 2 K AR b R A R o —
B, TS T A R RS K I A B L - S B AL
B53% ~ 34%, TTEO ~ 20 em/Z2IKL-S-SP. L-S-PP
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K3 52T A S AR 5 A i s S 28 B T 3 A

Fig. 3 Distribution of variation coefficient of soil water content in the profile of reconstructed soil relative to composition
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Fig. 4 Average annual soil water contents of the soil profiles
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HEK BT E L. 6 ER K40 ~ 50 cmi§
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- g v AR R B K o I A ) A R AN TS e
2852 T - RO [R) R B 38 7K 4 Bt ik 1] 20 A 5L AT 358 5
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KR, &80 AH ARSI EH LT
P HpRE AR S KESIEREA S, BT+
HEK A WSS R, L-S-PP S5 L-SW-PP + 145K )2
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Fig. 5 Distribution of soil water content by volume in the soil profile
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PP (8.08% ) . L-W-PP (8.12% ) TIE{RRIE Kz
FRETLEM (8.95%) , HAEMELEF B E.

SLERME, L-S+K0~30 cm+ )2 -4
G KETREEZN., &% +14K30~40 cm+ )2
IR E K K/MERIRCH L-SW-PP > L-S-SP
>L-S-PP>L-W-PP>L-S>L, S5Lt&MIL,
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T, KRR GRS S AR N, X R R
K 7 R — o S . L-SW-PPY
L-S-PPH #30 ~ 50 cm+ 2 + R TR &K B A 2
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AP+ K40 ~ 50 cm/ZIR HIERE /K EFEW TS
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SRR I Vb o I AF s 2 1Kk g, AHEVEY) e 22
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15, KA R M, TR TV B b e L Bt R
HE+ e A 4
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UG K & TR RL R, ARPRAEK BT 2L+
K& H9.65% ~ 13% . I HL-S-SP, L-S-PP,
L-SW-PPALFH +4K0 ~ 30 em/K43 & HEEn TLAMK,
TE30 ~ 40 cmZ RSP A+ 0K R &K B 3 5
FLAM . - rp w4 2 B AR fh 2 4 3 1 K o 22
S EBEEN, MRA T AR E A L30% 8 5
A, ERA R VR KT, R
T SRR A 5K 85 G J5 LUZ BIKIE FLE, A
Xt V08 - HAF K RE A B0, T 76 &2 i 4 14
5yb k- m b e A E oK s 2 R, RN
A AL A BRI R RS KR (R
10 ~30 em/ZK) m TP #E L.

F 5 Hp A i K B Bl A W B P AR 8l &
it +{KL-S-SP, L-S-PP, L-SW-PP{ & T L+
A, RIU R RRE KB Vg L abk & 5
BTSN 2, LK RE R 2,
SEBRAE KRR /N . — A N0 ~ 30 em 7 HO ~
20 om "8 F T K 4347 AE M ORI 2 ] M6 1 D
JZ K3 28 5 % B A AR IX R R0 . X )2 AT
T, RHOKS R SE W T A SRR TR AT b T v
7% o RHFEHO0~20 emZR, HEARHSKE
HL-S-PP>L-SW-PP, L-W-PP>L, & +I&L-
W- PP, L- SW- PPEZHIEKZEHH it T+
FEZRE (10%) LIT, BEHA XL IEGS s b 17+
RERZEKE, Bk 2oz B )y KA &3 +
HE K R P SR TR M RE A A R 0 (R R
2 LRI 1 o B TR N T BOK ik . KUk
MR IN S, R A ST AP AREE 5 S 1 4 3 TR A
N, B o B AR AR i H R F 78
RAFIT AR E KR
3.2 BREREX T RK 5 3N B 20

FERR A AN IRIR BT M ST A B R G, %
M TEHADAN K - 4h s, HIEEE KIS S EE
HEH oK KEHRE, RN WK ESE
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PR32 AN FEIR BT R A, M 1A T A2 A1 R R 8 Y
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SP. L-S-PPHIAWIHEAH20.5%, L EER, ¥
0% 1 RIERD 5 BT 98 2 R T AR B 98 A 7 3 BUK &
SR L E R, Bl EIRL-S-SP, L-S-PP,
L-SW-PPf#0 ~ 40 cm+ 2|1 M L-W-PP, L-S,
L A3 A 50 T = SRR 5 K A S R B A
TRERa, BRPEEFRE, AR R
BK, BLWIARX PSR mAY, Mg 2
A FAYL-S-SP, L-S-PP, L-SW-PP, L-W-PP+
RFITHI40 ~ 50 em T AR TR E K P 8 LA A s
21.60%, FoKEAIEIEEHR17.74% ~ 19.62% .,
4R B R I AR AR S R ETE36.01% ~ 40.96%
Zh, LA R13.65%, LRER LKL TR
B R FEEIE40 ~ 50 cm BUKFTEL, R EARB
JZ ) 2 TE 1A R 7 [ TN 55 38 KRN 45 1A R
KAy, R E, L-S-SP. L-S-PP., L-SW-
PP, L-W-PPAb 3 + &7 3 + 5 /R L5 K i AE
15.05% ~ 16.25% 2 1, W& FLEMK, ML-S
HLAEEWERARE, UOIE Y MR ik 0 S SR
T, RARBE B R E KA TR A . KRR
4 I b B R TN R X AR A AR A K R
BB 2 & B+ A L-S-SP, L-SW-PP, L-W-PP,
L-S-PPI &= TP B R A B LML-S & (73
mm ) , UiBHE A R BEAT AR R K i
B EREKE, b KR KR E R B
AR AT RO T R, R TRLE TR
AW . R Rk, NI RErE. BK
RRORRTE, i EA B A o B[R] i S
B4R (BPL-S-PP. L-S-SPH1k ) HA Ko mik
I FH 8 5

4 4 K

670 52 L = Ak = 48 R AR K S ) 1 ) A HA B
AR, KR A R AR, 2K
B BB ZRsm, I AT H —9 H B i ik
ARZS o TEAKIF SRR 22 TR 2 X, 8 BB 7K 43 14 B
B2 FUEE K 3 BRI AD S B R I R K it
BHEAD A B s T A A REK B KBE ST, 0~30 em
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Study on the Water Retention Effect of Earth Disposal Site’s Soil Reconstruction
in Soft Sandstone Region

REN Zhisheng' SHEN Weibo'"" > XIE Qian' WANG Tongtong' ZHENG Jiyong" > ZHANG Xingchang'
(1 College of Resources and Environment, Northwest A& F University, Yangling, Shaanxi 712100, China)

(2 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, CAS

& Ministry of Water Resources, Yangling, Shaanxi 712100, China )

Abstract [Objective] The Shanxi-Shaanxi-Inner Mongolia adjacent region is one of the most important
coal energy bases in China, and also one of those the most fragile in ecology. In recent years, the ecological
system and the landform therein has been severely and widely destructed as a result of the environment of
opencast coal mining, which has also triggered a series of ecological and safety crises. And then how to rapidly
and effectively improve the reconstructed soil ( especially in soil water holding capacity ) on a large scale
at overburden disposal sites formed during coal mining has become an important scientific problem to land
reclamation and ecosystem restoration. At present, the soil in these sites has some main problems, that is,
relatively thin in soil layer (less than 50 cm ) , and relatively coarse in texture, (over 70%, sands 0.02 ~ 2
mm in particle size ) , which means that the soil is rather low in water holding capacity. Besides, in the arid
and semi-arid region, the precious soil moisture is mostly lost through evaporation and leakage. To save as
much as possible soil water from evaporating and leaching, a series of measures are designed and adopted,
such as incorporating soft sandstone, which contains about 30% of montmorillonite and weathered coal into
the local sandy loess, and spread a layer of soft sandstone or a water-proof plastic sheet underneath the soil to
prevent water leaching. [ Method] In order to investigate dynamics of soil moisture content in reconstructed
soils relative to composition pattern ( sandy loess, soft sandstone, weathered coal ) and impervious layer

('soft sandstone or plastic sheet) , an experiment was carried out, designed to have 6 treatments and 3
replicates for each treatment, making up a total of 18 experimental plots. [Result] Results show as follows.
(1) The overburden disposal sites are subject to a wet season ( July-October ) and a dry season ( November-
June ) in a year as affected by the climate in the region, and natural rainfall, evapotranspiration and leaching
are the main factors affecting the soil moisture content therein; (2 ) During the wet season when rainfall
is rich, the effect of the existence of a impervious layer was significant, raising soil moisture content by
9.65% ~ 13% in the soil body as a whole (p< 0.05, the same below ) and by 21.6% in the bottom layer
as compared with their respective treatments without the layer, but no significant difference was observed
between the treatments with soft sandstone as impermeable layer and the treatments with plastic sheets in
the effect. However, on the other hand, the existence of an impervious layer weakened temporal and spatial
stability of soil moisture, especially in deep soil layers; (3 ) Incorporation of weathered coal increased
soil water loss through surface evaporation, which is no good to improving soil water holding capacity, while
incorporation of soft sandstone affected soil water holding capacity reversely. So in the practice, it still calls
for further study on feasibility of the use of weathered coal as soil amendment from the view point of efficient
utilization of water sources. Incorporation of soft sandstone increased soil water content by 3.36% ~ 9.57% in
the 0 ~ 30 c¢m layer and 11.16% ~ 13.65% in the 30 ~ 40 cm layer. In addition, laying of an impervious layer

is more effective than incorporation of soft sandstone and/or weathered coal in increasing water content of the
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artificial soils in the overburden disposal sites. [Conclusion] To sum up, incorporation of soft sandstone
significantly enhances the soil water retention and water holding capacity of the soil, and the impervious layer
effectively controls soil water leaching and hence has a positive effect on soil holding water like a reservoir.
Besides illustrating the effects of the soil amelioration measures on spatial and temporal variation of soil
moisture content and the improvement of soil water regime, the study provides some references for choosing
schemes for reconstruction of farmland soil using different components in mining areas.

Key words The Shanxi-Shaanxi-Inner Mongolia adjacent region; Soft sandstone; Earth disposal site;

Soil reconstruction; Soil water content by volume
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