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Abstract: Water-stable soil aggregates are an important factor affecting soil fertility and erodibility. Reports have suggested
that vegetation restoration may affect water-stable soil aggregates, but few studies have assessed vegetation restoration in the
mining area on the Loess Plateau. This study was performed in the Heidaigou opencast coal mine dump of the Loess
Plateau, which has been restored by vegetation reconstruction for 18 years. To study the effects of vegetation types and
landforms on dump soil aggregate characteristics, we assessed three vegetation types ( grassland, shrubland, and bare land)
and two landforms ( platform and slope) with 6 treatments and 126 samples. The water-stable soil aggregate composition was
analyzed by wet sieving. The aggregates were separated into six size classes: >5 mm, 5—2 mm, 2—1 mm, 1—0.5 mm, 0.
5—0.25 mm, and <0.25 mm. Macro-aggregate content (R,,s), mean weight diameter (MWD) , geometric mean diameter
(GMD), and fractal dimension (D) were used as evaluation indexes. Soil particle size distribution was determined by an
MS2000 laser granularity analyzer. Soil organic carbon (SOC) content was determined by potassium dichromate volumetry.

MWD, and

Results showed that vegetation restoration promoted the formation of water-stable soil aggregates. The R, s,
GMD of the 0—20 cm soil layer were significantly higher in revegetated land than in abandoned land on both platforms and
slopes. The R,;, MWD, GMD, and D in the 0—20 cm soil layer of revegetation land were 31.1%, 0.70 mm, 0.26 mm,

and 2.91, respectively, on platforms, and 13.3%, 0.37 mm, 0.17 mm, and 2.96, respectively, on slopes. The soil
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aggregate quality was better on the platform than on the slope. Artificial grassland had more significant improvement in soil
aggregate quality than the shrubland on the platform of the dump, but the shrubland was better on the slope. The soil
aggregate quality was lower in the surface layer than sub-surface layer on the platform. SOC content and soil clay content
were significantly related to soil aggregate quality. Higher SOC content was noted with vegetation restoration on the platform
than on the slope. The distribution of SOC content changed in the order grassland > shrubland > bare land on the platform,
but in the order shrubland > grassland > bare land on the slope. The clay, slit, and sand contents, respectively, averaged
10.52% , 54% , and 35.48% on the platform and 7.68% , 42.82%, and 49.50% on the slope. Significant and positive
correlations were noted between SOC content and soil aggregate indexes and between soil clay content and soil aggregate
indexes. Correlation analysis showed that water-stable soil aggregate properties were better with higher SOC and soil clay.
Further, soil clay promoted the formation of water-stable soil aggregates, while the high SOC increased the particle size of
water-stable soil aggregates and changed their size distribution. Our results suggested that soil aggregate quality improved
significantly after 18 years of vegetation restoration, and vegetation types and landforms had significant influences on soil
aggregate properties in this mining area on the Loess Plateau. In addition, our results showed the positive effects of
vegetation restoration on water stability and soil structure of an opencast coal mine dump on the Loess Plateau, which

reduced soil erosion and improved soil quality in this region.
Key Words: vegetation restoration; dump; soil aggregate; fractal dimension
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Table 1 Basic soil properties of the new dump

Bzt FE 15 Sample Ty
Indexes 1 2 3 4 5 6 7 8 9 10 Average

Hiki Clay/ % 10.08 7.85 10.17 883  10.40  9.36 776 1127 8.96 7.24 9.19+1.31
kL Silt/ % 45.61 4821  47.47 50.84 57.58 4523  40.74 48.76  46.55  34.70 46.57+6.01
ki Sand/ % 4431 4394 4236 4033  32.02 4541 5150 39.98 4449  58.06 44.24+6.92
HHLBE SOC/ (g/kg)  1.82 1.78 1.62 2.04 1.43 1.99 1.49 2.19 1.49 1.59 1.74£0.26
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Table 2 Basic status of the study sites
B sBORIRE D5 TR

Y TH AT TH B
X Sample number .
Landform Vegetation types Vegetation
and area

R HRMKE , TN T 5t , Dk 55 BE G, 05 ( Leymus secalinus ( Georgi) Tavel).
V-4 Platf b 3 20 mx20 s ’ ’ N ° X
P4 Platform Bt mx =0 m 25 ( Bothriochloa ischaemum( L.) Keng) 55
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adsurgens) , VKE (Agropyron cristatum) , HE( Glycyrrhiza uralensis) s 6 JER
. s W N b K 2 . . .
WA 420 mx20 m ANTHEAR  SEMRE IR AR, 32 T AT 4 28 YA VD ( Hippophae rhamnoides) ¥y 5%

( Caragana Korshinskii Kom) EFEML (Amorpha fruticosa ) 55
14 Slope T 3 20 mx20 m FSRIRE , JoN T A, M0k 35 BE G, K i e ™
NTH L, YK (Agropyron cristatum) (53, BT (Artemisi asacrorum) . H

Y 4 20 mx20 v e e, i
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Kom ) [ 2EARFNTR I
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Table 3 Aggregates content under different vegetation types and landforms

e Wi *ﬁ@ﬁ;”étﬂ B A E H Content of aggregate/ % jigéﬁg
Soil lyer/em Landform " £ e
) types >5mm 2—Smm 1—2mm  05—Imm  025—0.5mm  <0.25mm Ro.as
0—10 & i 5.71x1.17a 5.29+1.26a 6.70+1.83b 8.56x1.36a 6.38+1.64a 67.36+7.93b  32.63+7.93a
HEA 4.49+1.07b 3.06+1.18h 9.70+1.73a 6.79+1.89h 6.45+1.78a 69.50+12.90b  30.50+12.90a

30 0.25+0.35¢ 0.66+0.34¢ 0.68+0.71¢ 1.15+1.09¢ 1.54+1.47h 95.71+3.39a 4.29+3.39bh

sk Fih 1.38+0.39a 1.57+0.64a 1.76+0.18h 2.00+0.84b 1.98+0.87h 91.30+1.24b 8.70+1.24h

HEA 1.93+0.75a 2.27+0.41a 2.73+0.3%a 5.61£1.29a 5.50+0.50a 81.96+2.84c  18.04+2.84a

B 0.65+0.22h 0.32+0.07b 0.12+0.07h 0.21+0.14¢ 0.37+0.19¢ 98.22+0.32a 1.78+0.32¢

10—20 T Fih 2.87+1.88a 3.79+1.17a 6.47+1.97a 9.69+2.28a 9.32+2.68a 67.86+4.96b  32.14+4.96a

HEA 2.03+1.45a 3.16+1.42a 5.59+1.92a 9.63+2.58a 8.73+1.34a 70.86+4.87b  29.1414.87a

B 0.43+0.75b 0.27£0.41b 0.42+0.64v 0.95£1.15b 2.07+2.41b 95.85+4.18a 4.15:4.18b

sk i 1.37+0.81a 0.92+0.36h 1.26+0.67h 1.46+0.46h 2.14+1.34b 92.86+1.82b 7.14+1.82b

HEA 1.78+1.28a 2.02+0.66a 2.52+0.29a 5.04+2.04a 7.70+1.69a 80.93+3.12¢  19.07£3.12a

Hih 0.70+0.39b 0.33+0.12¢ 0.23+0.10¢ 0.25+0.10¢ 0.22+0.14¢ 98.20+0.34a 1.80+0.34¢

AF/NG FRFRAFIE T RS L R R R 2 22 52 B3 (P<0. 05)

2.2 MK AV HBIE X HE 137 1- 48 MWD Fl GMD %521

Y E R AR (MWD) FLF-1 542 (GMD ) 2 5 e - 58 A1 AR /N3 A IR 50 1 I A, MWD Al
GMD {E#E R 7R - A R AR P 3 3 e s, AR MR Ay, LRI B 5 °F & R A Bl &2 28 78 3 MWD
I GMD( & 1) ,MWD F1 GMD ZE AL HA B —B AL, 16 50 B g 2 15 4% 12 MWD F1 GMD
P R 2 T AR E T 0—10 em /2 MWD F1 GMD 4351 FE AR 135 5 339.84%F1 100.91% , 10—
20 cm 43R 221.65% F1 75.75% ; HBEFE WK E T 0—10 cm +)Z MWD Fl GMD 4351 HL 4R 2 =5 104.23%
F130.44% ,10—20 cm 43 5I1HE 5 85.08% F1 27.31% , F WA MK &2 £ 5 17 HE -3 13 MWD Fl GMD,, HbJE X
He+3% 115 MWD Fil GMD 3 B 2520 AR T 765 138 MWD Fl GMD 3 8 3 /& Tl . A Bl &2 25 7
XHHE+37 + 5 MWD Fil GMD 4 i 520, MWD 7575 45 1 J2 ¥ 3R 30 B > EAR S e & 12
RIOMPEA ST >BEHD , 22 55 B 35 (P<0.05) ; GMD 7E°F & 45 LR YR T >TEA S, e I & + 2
PIFRIMVEA > > Y FEA S SRR 2 8 25 5 (A B3 = TR (P<0.05) o “F- 5 R AE AR YK
T MWD ¥RINEZ (0—10 em) BFETIREZE (10—20 em) B HIKE FER)Z 5KEZE MWD 57
AN GMD A [R] 4 J2 Ml -t 2 B AR R HL A (H B 4 )2 I LA IR 22N MWD, 9 2 [ 22 AR K,
2.3 AHBLK ST 2R A X HE 1 37 380 T8 4R E) )

- AR ZE A 1 53 TR AE RO e T KRS R TSR AR i 0 I A A SR e M sE e kA B B AR S5 ) 4y
TEAERGE /N, 1388 BAT AP 25 SA0E 1 DUl Be ) s . LLECT- & SR AR Bk & 28T 4 58 0
TEAEE (K 2) P8 SR E T 4 )20 45082 0 20 TR, R 2 K T HE 3%
A R TIEAEEL . HIRE T T 6B RIZHIR R 2 BRI T 4B AR 2.908 F12.922, 13 2 )2 FIRE
253 MR A 2.966 F1 2.968, 155 B A1 R A4 73 T8 2 4548 0 35 A8 T3 b, R AR 52 %o - 5 L e 4 4 e R RNCR:
BT, T & EERIR B ABUR PR RE SRR T, ANFAERIKE RN 5 & 12 LR R
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Fig.1 Mean weight diameter (MWD) and geometric mean diameter (GMD) under different vegetation types and landforms
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Fig.2 Fractal dimension of soil aggregates under different vegetation types and landforms
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Fig.3 Content of soil organic carbon under different vegetation types and landforms
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Table 4 Soil particle size distribution under different vegetation types and landforms

+)2 HIE HH PR +IEWOR 434 Soil particle size distribution/%
Soil layer/cm Landform Vegetation types Khr Clay FkL Silt Wk Sand
0—10 5 B 10.38+0.94a 54.55+6.82a 35.07+7.72b

HEAR 10.16+1.00a 51.76+5.11a 38.08+6.01b
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Fig.4 Relationship between SOC content and soil aggregate indexes
2R
+ 2 K Ak 2 T T UKL 434 Soil particle size distribution/%
Soil layer/cm Landform Vegetation types Kk Clay Bk Silt ki Sand
P 5.99+0.29h 31.53+3.19b 62.47+3.47a
b7ib 3 i 7.33£1.73b 43.32+9.04b 49.34+10.61b
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Fig.5 Relationship between soil clay content and soil aggregate indexes
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