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M, B KRR I AT R A L g AR ST B S B S LT Y B AR N A TR AR R, 43 135 $1) 0.843.0.751 mm Al
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Characteristics of soil aggregates in the Shanxi—Shaanxi—Inner Monglia opencast coal dump, China

LIU Hong—tao', ZHENG Ji-yong"*, LI Gao—liang’, MA Zhang-huai', YANG Kai—qi'

(1.College of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.State Key Laboratory of Soil Erosion and
Dryland Farming on Loess Plateau, Institute of Water and Soil Conservation, Chinese Academy of Sciences & Ministry of Water Resources,
Yangling 712100, China)

Abstract: In order to explore how the characteristics of new soil aggregates are affected by weathered coal and soft rock, four new soil
masses were established in the Shanxi-Shaanxi-Inner Monglia mining area: sandy loess, sandy loess mixed with soft rock, sandy loess
mixed with weathered coal, and sandy loess mixed with soft rock and weathered coal. After 4 years, the composition of soil aggregates was
measured by dry and wet sieve methods, and analyzed the aggregate composition and stability of the new soil mass. Results showed that soft
rock and weathered coal mixed with the sand could increase the content of < 0.25 mm air—dried stable aggregates. This combination also
increased the mean weight diameter and geometric mean weight diameter, but decreased the fractal dimension to 0.843, 0.751 mm, and
2.803, respectively. In addition, organic matter content and water—stable aggregate percentage of this combination were the largest,
reaching 21.45 g-kg™" and 60.41%, respectively. In addition, it also had the lowest aggregate damage rate of 30.85%. Correlation analysis
showed that mixing weathered coal and soft sandstone with the sand increased the organic matter content, improved the soil structure, and
strengthened the aggregate. However, mixing weathered coal with the sand increased the compound grain content but decreased the
stability of soil. The study illustrates the effects of new soil aggregates on weathering coal and soft sandstone, and brings positive
significance to soil texture restoration, and soil and water conservation.

Keywords : water—stable aggregates; mean weight diameter; geometric mean weight diameter; fractal dimension; soil organic matter content
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T 0 5% 8 DX P R A R VR S b, T AR
TR e B R A 3 B T K, 0 X K T AR A b
W, AR T S R R 7 EE PR T2 M X ] RSk
RN, TR, 2 He g DX PG I b XL R g XUk K o
AR AT o0 A KR TR A v i 1 R K
TR FEEAIE . T iZH XK R B
B 0550 A7 A )2 (<50 em, & bR AE) |
J5 Hi KL (0.02~2 mm WP ER>70% ) AR /K AR LB 1 2% A
JIAREE () R, 7 T BRI TR A AR R SR R N R
BRI B Ana] fin Rk 437 5 - RV R 4 e
DA AR 1 o Ry R A 55

- 458 P R (A2 - 3R R 1 S AR G, LA 2 A
HfeoE R e H AL B kR R . [RlR,
PR AR A SRR ) SRR P RS A, TR - 4
IR R PR 3R AR i B i, 52 25 38 04 R 1 AL Ik
PECO WEGE R BL LRD A A B FURL A AN, SR R
A1 W5 T B B A R AR, [RIE #iE D 1 ) 37
SRR, TS K s A, A FL B Ik
45.91% , HA R 47RO RIERE 17 Yt s
W HIRG G FER IR E W VERTS iR 5 8
r 2 ()38 3 e 45 4 R B SR A FLRE 4548 FH 143
R, BUAb, 24 Hb i A AE R I R AR, XUAE
SRR — A AR - M R R R R, A B R A R o
LR Z AL AR, T DL 2 T A R A
HE P R R e PR, b X A R - R A
I ek RASCR, R4k, 2R E O T
E b 5 ek A v LI ORK ORI R B B S
AR ARSI+ A TR ik X -3 B WS AL aD
AT R B s (LK XUAL AR Rt b
FO NSV IR R AR A VDB A Ok
N, RS FIRIL D 5 4 18 AR (R AT A ke e b HE 1 37 3
2+ AR IR R e Y s i b . Rl R RD
A By 5 K il PR R HbIBRIBERE T, AR ARk RS A
L KA 28 BB ALK L2 A, A e e o A
FHALAD A5 KALE VD38 -G LA A BT 2 b 2
S R ARGE R TE AT R A A AR A 2 17 X 22
ARGV RA ML . ST, AT N 5T HETE
FIHE+ Sk s alivh o + Vb + St s Vit
5 RS U0 SRS I XA AR TR 4 FhoBike -+
T X X AT e R, BT He A 6 4F 5 BT e HE
Y+ 3 2 A R AIRARALARAE , B ERFFE At ab A AL
SHECR VS It - 398 P SR AR AU A S ), 835 4 oAl £
A = 398 T PR S N K - BRI

1 #R5FE

1.1 ARXHELR

W DI F N 5 B IE DX RS R T 7K R 4
HE13%(39°69' N, 110°27 ' E) , Hikb 5 + &5 Fiih &, &
B i J5 5 SRR 2 e IR A T TR T MR A ke A
B DA YR 1 409.9 m, AR R
6.2~8.7 °C , 4E - ¥ F& /K FE 400 mm, 5 4E i 7E 7—9
H L AEAEZE K729 2 000~3 000 mm , *F-2 H B I8
72 900~3 100 h, # 42 Wb KA, 4 X 3.4 m-
s, I BT A SR 8 2 T BB 2 KA e i X
1.2 Rt

TERFESHE L33 FUR b HE L35/ N X, 20 #r 4
RO Ak 1 e A R AR E VAR A . ARSI E 44>
AbBR BRI 3ANEA

AEFRE1:0~50 em Vi [l AR 4% 7 : 3 (VD -
MDA mem) HL 5 V08 1R ARt fs Bk,
Jiti FH A R 27 t-hm 2, g5 LSW; 4bFE 2. 0~50 em 4E7D
B, KA Rt e B iR o8 27 - hm 2, SR 5
LW ; Zb 3 3:0~50 cm {5 [l ARG ALRD A 4% 7:3 (Vb # 4
AP mem) OB 5 V08 £IR1B 4 LS 4B 4.0~
50 cm 4iVbiE +, g5 Lo AbEEHR LA 1, SR
FAADA, W AR KA s T I3k 1.

PRI /N X FEAS A 4 mX5 m IR 50 em, 124,
HF 2013457 H o BT T KR )2 356
RFNE (3,25 t-hm?) EIE (4 DU E DR IE,
60 kg-hm) FI{LAE (BEFR 4%, 600 kg-hm™) . {56 T
FAVD#E 4 RIS B 24, AR AR B 520 SRR
Z WA A A S R Ya E X, RS &8 27 -
hm™, F LT &0 5.85 g-kg ™, TIN5 2 2t ) #4
o VB AR SR BT AN R 2 R .

1.3 St A&
I RARRIAR A R F B ISk, Tk ()

1K

Table 1 Design of experiment

b3 Wikt kb s AL S
Treatments Sandy loess Soft rock Weathered coal
LSW + + +
LW + - +
LS + + -
L + - -
TR AR
Note: “+” means existence, “—" means inexistence.
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Rtk SRR f KT B9 AR 2T, BUHE 500.00 ¢ 1
FE A FLAE /54 7.5.3.2.1.,0.5 mm £ 0.25 mm [
i, Ph60 UK - min™ W5 2245 5 E 170 43, 40 IS
F|>7.7~5.5~3.3~2.2~1.1~0.5.0.5~0.25 mm 1] + 3%
AR AR, 8 45 G 1 1 A T SRR s 43 31 ik e O
F0.01 ) IE TR A R G B RENE
Oy FEHCA A H L B 2 03 5 50.00 g (1 R,
DLAS TR 3 A A o IR 0 v D 2 = K AR M A 2R
TRBCE: F 2 By LA AR SR L, K iR
30 min J& , B o B B9 ERE AR R LR (5.2.01.
0.5.0.25 mm) B E it , FF &= /N O ATTRERT,
TR, 30 s I EEGH , i i A i e
i g A5 8 E A S LR R A SO . H
R TR 2R T - AN I - A LA
1.4 iR IE

K -2 5 EAR (MWD)" R LA - 34 B AR
(GMD)"'\TF My 1A R R Fa e MR FRRAE , R FH 20 8 4k 5
(D) P M 38 43 T8 25 4, R 1A 3R A ik 4t %
(PAD )P PEAHr 18 i A1 28 1A e 0 1 40 7 &, ff
TACGR AN 7 b 8 3 0 2 J AR HAR LA 5K
(1)~(3) 5 x5 253K (4) B 515 20 /420 (5) |, SR et
a1 5 43 B 745 30 45 33 T 4 501E

ri-1 +r;

n+1
MWD=3, == Xm (1)
1
CMD=eXp( Z% lgR; ) (2)
_ M( i) > 025mm ™ M(;ﬁﬁﬁ‘;poz,ﬁnm
PAD_( M(q:gﬁ) > 025 mm XlOO% (3)
r<R)_( R\~
mirx i ;
13 — 13 4
(] @
<R R
Ig ’”(’M_ )_(3—0)15R - (5)

P MWD Y8 e HAR , mm; GMD Ry JUAA] 44 i
it HAE , mm; PAD Ry P AR 1 7035 i, %5 D o
TEYEEL ; m, 45 R T E 50 3 5, Yo 5 WS i T
HFLAR KN, mms n R 0 1 B R 5 MR RE Y S

L WS R A RAKR B R, g5 RoA Hokr g
R  mmym (r< R) AR/ R A H R4k
Bt g3 Ruw 0 B RARI B RRLAR , mm o SR FHHAL I 2
ﬁ%ﬁ}’*ﬁ(One—way ANOVA) #1 Duncan £ 5 (P<0.05)
XiF 4 BB AL - (A SRR B R A T A . i B 1Y
K F Excel #1 SPSS 16.0 #£47 4t i1 43 #7 , {#i A Origin
8.0 AT A .

2 HRESW

2.1 FHTELEAREESE
2.1.1 MR REE 5

A AR IR R R E Rk 3. AT
BT, F 8 >0.25 mm KT B4R 1 & A
68 L>LWSLS>LSW , it 0 5 A XA 3 14 i A 45
<0.25 mm ARG, 3% 0] 585 AL AD 2 R AR e 4 |
WAL 25 A 6, RAIARSEE 1622 B
B BRI RS 0 BT Ak B AR X RICRD 5 T 8 4 1A T
ST, KB AR K /N A 0.01~1.25 mm, At
W02 B I A o8 7542 TE 4 R A 4L B 1) A M T 7%
45 5 5l E SR ok X AR A A RV - TR Y
LR 2 B AL BT IR 45 R — 3. BE A LD T
SATEUR BN, B AR R A BOR W AR . IEAh,
IR SRR T+ SR AT R AR TR B, 2 T RRAIR T
R ENE, P, 1 VD A s i XU R AR
T S BEAS D38 D B 0RO G H 25 S ) B, fi Akt
BESh R AR HIBRAR T TR ARG Fy R M, s T
AU AE T
2.1.2 JKFRME R AR E 43 i

MR IR AR PR, AR - A K B R AR A A
SRR R WL 4. INF 4R nT LIE H 180 b B
T - 4Er>0.25 mm BIR AN 5 R LSW>LS>L>
LW (P<0.05) , i /IME R LW (56.05%) , A1 3R 14k
RN LSW (30.85% ) <1.8(35.38% ) <1.(36.67% ) <LW
(38.24%) (P<0.05) . #EHFLL T, #>0.25 mm K 4]
AR R KR A, Wi <0.25 mm (1) AR AR TR K
Tl A SR AR o T 0 0 R O 3 Ak B AT SR R 5

=2 il T ERERMER
Table 2 Physical property of tested soil

A IgEe IR [T = TR BT 234 BORL TS5 AT
Soil type Soil texture (0.02~2 mm)Sand content/%  (0.002~0.02 mm)Silt content/%  (<0.002 mm)Clay content/% Organic matter/(g-kg™)
ey e S 34.55 59.08 6.37 1.88
Soft sandstone  Silty loam soil
Ut [ == 70.14 16.41 13.45 1.73

Sandy loess  Sandy loam soil
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2, 3R BIR R R PR, ZEVD B TP AL
A0 R XA R AT DA J 5 18 o 1 S RS e T SR AR5
i, AR R AR %, 45 B SR AOK RRUE ok T B
— USRS I B A 14 3K AR b AT SR AR B AR
2 AT SR AR B b T R I, KA A SR AR 1 3 0K B e
o BRI, VB A S A b A R R RE A5 14
- HEIK RS E PR A R AR R, el AT R AR A, (H L —
TSI XA IR B i H
2.2 #FM Lk T IEA R E T
2.2.1 ¥R EA AU R R

- g8 A SR A1 i AR (MWD) Fl L] SF- 25 Jo
i AR (GMD) J2 s e 35 A SR AR 5.4 R/ INFn T 43
AR 25 F8 PR . MWD B{ERRK , R 11 A R
A A A2 AT SR R ot i 358 R 5 GMD D2 3ot %of
AT SR AR EAR IO B TIBGK R, 5546 T 1 R Ak
ELAR RN, B A P SR A 25 R G B 1 R R
ENEERINGE IS Sl iRy DRI S S R
AR WL 1, MWD {H 4 0.676~0.843 mm, GMD
AI{E M 0.711~0.751 mm, MWD F1 GMD 4 3B 7 LSW =~
LS>L>LW (P<0.05) o7& -3 AR RS 7, vl A4
R R IR, B — I A XA, SRR E AR
M/, B 25 5 KPR TR & T AR s A SRR A%
(ERSEER N R = €
2.2.2 IR 4EER

ST IEYEEL (D) 5 —Fh 43 B - 8 25 7 A 41 5 i) B
Bk DN R KRB RAE GRS ZE , 1IN E
N, R, AR A, B2 2 AR

1A 4 38 50 T8 4 K0 D (H (R £ 0.733~0.892) , Hi{H 7
2.803~2.835 Z [0] A5 4k, H LSW=LS<LW<L(P<0.05) .
Horfr LSW % DE IR /)N, 47 2.803,
23 TEFNREE

Kl 3 ANTA] 14 2014 . 2019 4F - HEA AL & 7
XA 4K 20142019 4F 145 0~10 em A WL &
BRI, S AR B ek B IR LR S S R
Fhia#h, Hrr 2019 4F H3EA LTS a8 b e oy i
LSW(21.45 g-kg")>LS(16.09 g-kg")>LW (11.54 ¢-
kg )>L(5.01 g-kg") (P<0.01), X FLSFIL {4 ,LS
TR EA YL S R E S T L A i A BE
S H R AL X AT AR B TR S A
IO i AEA BRI RCRY . KA A £
BB T, 1) AR I A XA, 1% 2 LR T
A BTG H LW ARG LS S E AR
FLAEAS AL 25 09 LS 44, — 5 i v] g i T XU AR
H P BRI AR HE T SRR R E R O — T
[ AT S LW AR Z AP R . B, ] A
[ B 0 XA ARE R R A2 B T DA v - A AL %
i, MRBGE 1R IR ORI 22 45 ) R, T R -
BRZEE) , K i A S A SRARTRE A

3 g
WF9E Kk B0 A B 2 A LR 1 R B AR E 3 T, A AL
e 2 DT SR8 A DAY g 3 e 5 0y 5, LB A A A

FRRE TR S TEAH OG5 2R A HILAR ) 18 i A1) 1 A1 2R
PR BT 180 P SR ARG R PR A B e XA A S —

R3 FALETEARGSE(FHE) (%)

Table 3 Composition of soil aggregate of new mass (dry sieving method ) (%)

AbPE Treatments >7 mm 5~7 mm 3~5 mm 2~3 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
LSW 19.82a 7.04a 10.15b 5.36b 10.33b 19.56h 16.23a 11.51a
LW 19.78a 8.46a 11.44a 6.04h 10.85b 18.52h 15.47a 9.44a
LS 16.43a 7.70a 10.84a 5.70b 10.54b 22.85ab 15.66a 10.28a
L 16.82a 8.67a 13.14a 6.98a 13.16a 23.12a 10.63a 7.48b
T [F) G AN [ 7 B R R AN [ Ak B ] () 22 538 1 35K P (P<0.05) o T Tl o
Note : Different letters indicate significant difference, among different treatments(P<0.05). The same below.
F4 LK IRAREHBRGRIFE) (%)
Table 4 Composition of soil aggregate of new mass (wet sieving method ) (%)
ot 7S S 12mm 03twn 0205w 02w GO
LSW 3.96a 4.63a 8.99h 21.76b 21.07a 39.59h 30.85d
LW 1.76h 3.62a 7.58h 20.28b 22.81a 43.95a 38.24a
LS 3.62a 4.77a 10.50a 23.42a 16.39h 41.30ab 35.38¢
L 4.72a 3.88a 7.09h 19.35b 22.95a 42.01ab 36.67b
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Different letters indicate significant differences among treatments. The same below
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Figure 1 The mean weight diameter(MWD) and geometric mean weight diameter diagram(GMD) of

soil water stability aggregates in new mass
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Figure 2 The soil fractal dimension of new mass
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s INE AL, S AR i T L AR P T A
] s, 76 7K B ik P R A rh | LW i) [T 38 1R i 46t % ik
38.24% , /KK Mk A AR B AL T 5K X — 7 I
2 B KU 2 A A SR AA S (4 T B, T T
RARARE ) LW = 1 Bt SR AR 45 R >7 mm [
RAIRBCR e 2, BRI AR5 1 b 2 2 3 m
69.03% , & i 55 3G 0. FLUROR K A R AR sz K
S PENE R, TR AR SRR a2l R 3k %
RIRK BRI H . LLA, B RACRE ) LW 35
HHLT A AR 11.54 g- kg, AKFaPE B 8k
AT AR . TALED A A B & S 03R4y, BRI fE
1, S INALRD A BENS M st + IR SS F R4 & R 4y

251
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Figure 3 Soil organic matter in 2014 and 2019

TR RV R — I AR RS S S,
HLB & 55 51 16.09 g~ kg™, K B A1 544 24 o
B4R RN L AAr S X5 5T R AR 3 0.031 mm A1 0.022
mm, 2 EHETF3.811% F13.096% ., X — )5 16 K A a8 i
AL A B T R AL &, AR AR e S LU
o MRS A/ NEURL 2 VD St A 2
[y R A5 VE 0 3 T A R AR R e e . S
SEIE L TR RS BT h & B, SRS AR TR
OB L 50% B RIS 5 TP B 4 22 A 23 A
N A7, T (A5 A2 i /N S S ok 2 . T
JINJSURE ) e TR A 2 IR B 4 R AR
TSR . BARAILED A BN T -8R RN,
IR TR AOK R, B T AU SR,
BREEFAT LI GE

FEVD ¥ A v [ I AR A N XUE AR, LSW +
R DL & ik B fe iy, 21.45 g-ke™, AKER MR
RARBCE e R AR R A, RO i i
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B LAT 2 5 E AR 0.16 mm F10.04 mm,
IR T 23.72% F15.65%. fLRD A E KR, S8
KA TARSy it AHRIERD 5 A B 1) Ca™ 55 KA o i
BT ( F2 R AR ) 45 5 T8 AN AT 3 BROIRAS , I i
PEIET FIRAR M HPTRE J1 o R B AR v L) 1 1
I3 HUB (B S AR R R, R AR I e
NS, PR E AV R . BIe b ARLED 5
AR AR AR RS e M feit , 12 HLA e s 14738
Jo R EAR L2 R EAR A/ N A T 4R (R
B LSW I MWD .GMD DB LS TR TR /N, 3% &
BRI A RACEE G 2 1 T 1820 A R AR S R0
TE R, LSW - A 52 b7 500t 8 38 0, 1 A ] SR8 A PR
WA Z KRB R, UL R AT I RUK 2R 1
SR A AR e 6 o0 i, S O AR E R bR
TN

4 it

(DA REET 7SBS0 IXHE -3 70 i
T B R AL AUXUA R e % Pk B2 T - A L
(2145 g-kg) , E RS $E A R IR RS E
L w57 A B < 3w N I S e
A B K B T SR A 5 R T 3R R e e P B
MWD F1 GMD BI85 514 0.676 mm F10.711 mm , 135
ST A5 T (2.803) o

(2) KACKEAE R —Fh A AL, 26 V0 2 4 P B i iR
JnReaSHE & LI AL 5 (11.54 g-kg ™) (H L AAK
T AT 2R A B3 i 0 A SR AR 1 FE b (MWD . GMD)
SRR . A8 AR AR RE i Uk + IR F e
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