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Abstract: The type of vegetation present in an area directly impacts soil characteristics and has a significant influence on
the formation and stability of soil aggregates. Water-stable aggregates are the best indicator of soil stability and reflect the
ability of a soil to resist erosion on the Loess Plateau of China. Soil samples were collected from both forest and forest steppe
vegetation types in the Dong Zigou and Zhang Jiahe catchments which are located in the Yanhe Catchment of the An Sai
Hilly-Gully Region. This study investigated the characteristics of soil water-stable aggregate using the Le Bissonnais ( LB)
and Yoder methods; the results of three LB treatments ( fast wetting ( FW) slow wetting ( SW) and wetting stirring

( WS)) were then compared and the mean weight diameter ( MWD) of soil aggregates and erodibility factor ( K) value were
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20 : Le Bissonnais 6671

calculated. The comparison of the three LB treatments showed: 1) the WS treatment was the most destructive to the stability
of soil aggregates and the soil water-stable aggregate particle size was mainly concentrated in the <0.2 mm size group; this
illustrated that heavy rain and/or irrigation were the main factors destroying soil aggregates in the Loess hilly region; 2) the
SW treatment was the least destructive to soil aggregate stability and soil water-stable aggregate particle size was mainly
concentrated in the >2 mm size group; this shows that light rain or drip irrigation did not have strong damaging effects on
soil aggregates; 3) the destructiveness of FW on soil aggregate structure was intermediate between that of the WS and SW
treatments  indicating that the soil water-stable aggregate particle size was evenly distributed. The experiment shows that the
primary destructive mechanism of soil aggregate structure in this region was dissipation and mechanical slaking. Aside from
considering the impact of natural factors one should use irrigation methods that cause minimal damage to soil aggregates as
part of a larger effort to reduce soil erosion. The results of the LB method of treatment in general and the measurements
resulting from the WS treatment specifically produced findings that were close to the results of traditional wet sieving ( the
Yoder method) ; the FW and WS treatments can simulate the effects of different amounts and intensities of rainfall and
irrigation on the stability of soil aggregates. The basic principles of the Yoder method are reflected in the LB method. The LB
method can not only simulate traditional wet sieving results but can also explain the mechanisms involved in the
disintegration of soil aggregates under different conditions in terms of the stability of soil structure; the LB method provides
more comprehensive information than the Yoder method and can help determine the cause of the loss of soil structure. The
soil aggregate structure can be accurately approximated using the LB method. The LB method can be appropriately applied to
measure soil aggregate structure in the Loess Hilly-Gully Region. The MWD and the measure of the erodibility factor ( K)
are used to evaluate the water stability of soil aggregates. The results also showed that the MWD of soil water-stable
aggregates in soils from the forest vegetation type was greater than that of soils from the forest steppe vegetation type and
SW > FW > WS; but the value of the erodibility factor ( K) of soils from the forest vegetation type is lower than the value of
K from soils of the forest steppe vegetation type. In areas of restored vegetation soil water-stable aggregate varied from small
particles into larger particles. Different vegetation types have diverse levels of soil organic matter content diverse forms of
soil aggregates and differences in the degree of soil aggregation present. These differences result in differences in soil

erodibility and resistance to soil erosion.

Key Words: hilly—gully region; Le Bissonnais method; Yoder method; soil aggregate stability; vegetation types
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480.1 kJ/em® 160—180 d 88 C =10 C 3177.4 C 505.3
mm 1645.4 mm. o
(36°31°13"—36°3526"N 109°7°34"—
109°10734"E) 1166—1490 m 20.61 km’.

(36°59733"—37°2°40"N 109°11°58"—109°14°39"

E) o 1118—1505 m. 10.77 km’*.
1.2
2010 7 — . o
8 13 1
2, 0—10 ecm  10—20 cm o 3—5 mm o
LB 3 17-18 Yoder 19 o
1

Table 1 The description of forest sample sites

/m /(°)
Code Altitude Slope Aspect Slope situation Main vegetation community
1 1259 28 Lower gully N N N N N
2 1301 30 Lower gully + N N
3 1284 35 Middle hilly + N . N
4 1334 21 Middle hilly .
5 1346 27 Middle hilly N N N N .
6 1372 8 Upper hilly N N N
7 1348 28 Middle hilly . . .
8 1351 26 Upper hilly N
2
Table 2 The description of forest-steppe sample sites
/m /(°)
Code Altitude Slope Aspect Slope situation Main vegetation community
1 1309 37 Middle hilly .
2 1356 9 Upper hilly
3 1345 30 Middle hilly N N
4 1265 45 Lower gully N N
5 1307 31 Lower gully N
6 1338 35 Middle hilly N
7 1355 9 Upper hilly N N
8 1312 Middle hilly N
9 1315 38 Lower gully N
10 1315 27 Middle hilly
11 1307 27 Lower gully N . .
12 1349 39 Middle hilly N N
13 1380 1 Upper hilly
Quercus liaotungensis Acer ginnala Maxim. Acer buergerianum Miq. Platycladus orientalis ( L.) Franc
Robinia pseudoacacial; : Spiraea chinensis Maxim Abelia biflora Turcz. Syringa pekinensis Rupr. Rosa xanthina.
Sophora viciifolia Hance Clematis fruticosa Turcz. Periploca sepium Bunge; : Carex lanceolata Boott
Lespedeza floribunda Bunge Carex lanceolata Boott Solanum cathayanum C. Y. Wu et S. C. Huang Bothriochloa ischaemum
(L.) Keng Artemisia gmelinii Web.ex Stechm. Lespedeza davurica ( Laxm.) Schindl. Stipa bungeana Trin. Artemisia
giraldii Pamp. Thymus mongolicus Artemisia scoparia Waldst. et Kit; LB 0 3—5mm 40°C 24h
(FW) (1) 5—10g 3—5 mm 7(2) 50 mL 250 mL
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10 min; ( 3)
0.05 mm 1 (4) 5 5(9)
;(6) 40 C 48 h (210.50.20.1 0.05 mm) 0.0001 ¢
(SW) (1) 5—10g 3—5mm 3 cm
250 mL 1 (2) 2.5 em 60 min; ( 3)
0.05 mm 1 (4) FW (5)—(6) -
(WS) (1) 5—10g 3—5 mm 7 (2) 250 mL 50 mL
30 min; ( 3) 50 mL ;
(4) 200 mL; ( 5)
10 30 min; ( 6) 0.05 mm i (7)
FW (5)—(6) .
1.3
(MWD mm) K 02t
MWD = i)(iwi / ia)i
K=7.954x{0.0017+0.0494 Xexp —O.SX(W 1}
GMD=exp( ( Zwiln)(i/z ;) )
X, (mm) o,
( LSD) LB 3 Yoder
(MWD) > 0.2 mm Excel 2007  SPSS
16.0
2
2.1
3—5 mm
1 20 1 0—10 cm SW >2 mm
74.47%—96.95%
0.24%—9.17% ; FW >2 mm
6. 20%—68.50% 2.72%—41.87% WS
>2 mm 4.57%—50.43%
3.91%—42.45% o
2 : 10—20 em 3 0—10 em SW >2 mm
82.81%—97.3% o 0.19%—5.80% o FW
>2 mm 3.46%—48.58% 0—10 cm o 2. 89%—
52.21%- WS >2 mm 0.73%—31.69% 0—10 em >2 mm
4.22% —34.23%,
0—10 cm  10—20 c¢m >0.2
mm SW>FW>WS, LB 3
o 10—20 c¢m
>0.2 mm 0—10 em
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10 cm >2.<0.05 mm 1.02%—49.15% 0.71%—7.94%
4 :10—20 cm SW.WS.FW >2 mm 75.36%—95.49% .
1.64%—13.45% 1.88%—24.55%- LB 3 2—5 mm
SW>FW>WS; 1—2 mm FW>WS>SW; 0.5—1 mm FW = WS>SW;
0.2—0.5 mm FW=WS>SW; <0.2 mm WS>FW>SW,
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0—10 c¢m SW.WS FW3 94.66%+39.00%  49.00%; 10—20 cm SW.WS FW
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Fig.4 Size distribution of water—stable aggregates of forest steppe soil in the 3 treatments by Le Bissonnais method in 10—20 cm depth

23
Yoder LB 3 ( MWD)
3 o o 3
0—10 em  10—20 cm MWD SW>FW>WS, 0—10em 10—20cm LB 3
> > 3
3  Yoder Le Bissonnais 3 ( MWD)
Table 3 MWD Value of forest soil under Yoder method and 3 treatments of Le Bissonnais method
0—10 em Mean weight diameter/mm 10—20 cm Mean weight diameter/mm
Code
Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder

1 3.39+0.02 2.06+0.30 2.58+0.11 1.60+0.12 3.39+0.02 1.46+0.12 1.27£0.15 1.56+0.14

2 3.23+0.04 1.69+0.12 2.71+0.46 1.13+0.17 3.39+0.04 1.03+0.27 1.72+0.37 0.62+0.13

3 3.25+0.01 1.01+0.37 2.35£0.12 1.26+0.19 3.13+0.07 0.69+0.07 1.84+0.12 0.98+0.08

4 2.72+0.54 0.75+0.10 1.75+0.06 1.33+0.20 3.26+0.04 0.87+0.04 1.56+0.31 1.26+0.05

5 3.36+0.01 0.72+0.27 1.34+0.26 2.03+0.00 3.29+0.06 0.79+0.06 0.64+0.26 1.85+0.01

6 3.36+0.02 0.92+0.20 2.28+0.23 1.43+0.19 3.38+0.04 0.74+0.08 1.97+0.18 1.54+0.13

7 3.38+0.02 1.00£0.15 2.14+0.08 2.00+0.11 3.38+0.03 0.73+0.10 1.56+0.26 1.93+0.18

8 3.42+0.01 0.47+0.06 0.51+0.07 1.89+0.12 3.40+0.01 0.29+0.02 0.42+0.06 1.83+0.10
Yoder LB 3 (MWD)

4 o ) MWD SW>FW>WS.
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MWD

4 Yoder Le Bissonnais 3 MWD
Table 4 Changes of forest steppe soil MWD under Yoder and 3 treatments of Le Bissonnais method

0—10 cm Mean weight diameter/mm 10—20 cm Mean weight diameter/mm
Code

Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 3.14+0.06 0.65+0.15 0.81+ 0.26 1.07+0.01 3.24+0.01 0.93+0.25 0.60+0.06 0.77+0.02
2 3.14+0.06 0.23+0.04 0.20+0.07 0.46+0.11 2.96+0.29 0.22+0.05 0.27+0.09 0.46+0.04
3 3.15+0.07 0.13+0.01 0.22+0.05 0.30+0.13 3.09+0.08 0.23+£0.02 0.33+0.06 0.29+0.03
4 3.19+0.02 1.19+0.21 1.95+£0.54 1.78+0.14 3.31+0.07 0.71+0.10 0.35+0.11 1.69+0.22
5 3.03+0.25 0.68+0.30 1.01+0.48 0.35+0.02 3.20+0.15 0.68+0.12 0.58+0.28 0.37+0.09
6 3.37+0.06 0.54+0.22 0.71+£0.32 2.13+£0.15 3.34+0.03 0.58+0.11 0.75+£0.42 1.63+0.09
7 3.34+0.06 0.87+0.14 1.57+0.21 1.40+0.06 3.36+0.01 0.32+0.04 0.39+0.08 1.46+0.25
8 3.35+0.02 0.85+0.15 1.80+0.39 0.98+0.13 3.34+0.01 0.79+0.15 1.05+0.23 1.40+0.11
9 3.30+0.05 0.79+0.18 1.23+£0.60 0.56+0.09 3.28+0.18 0.43+£0.22 1.02+£0.34 0.59+0.08
10 3.08+0.18 0.31+0.08 0.51+0.21 0.80+0.20 3.01+£0.09 0.25+0.06 0.39+0.13 0.47+0.12
11 3.09+0.05 0.32+0.10 0.46+0.08 0.32+0.16 3.14+0.04 0.31+0.04 0.43+0.06 0.46+0.08
12 3.12+0.01 0.61+0.03 0.92+0.48 0.96+0.01 3.11+0.05 0.50+0.18 0.72+0.18 1.17+0.13
13 2.93+0.21 0.51+£0.02 0.68+0.09 0.61+0.02 3.10£0.15 0.36+0.04 0.64+0.22 1.15+£0.06

5 0—10 em  10—20 cm LB 3
K 2 MWD
o Yoder K Yoder
LB Yoder o
5 Yoder Le Bissonnais 3 K
Table 5 Changes of forest soil erodibility values under Yoder and 3 treatments of Le Bissonnais method
0—10 cm Mean weight diameter/mm 10—20 cm Mean weight diameter/mm
Code

Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 0.0233 0.0317 0.0279 0.0441 0.0234 0.0375 0.0400 0.0453
2 0.0240 0.0354 0.0279 0.0551 0.0233 0.0422 0.0348 0.0659
3 0.0240 0.0454 0.0315 0.0560 0.0247 0.0491 0.0348 0.0614
4 0.0275 0.0478 0.0351 0.0529 0.0240 0.0457 0.0373 0.0544
5 0.0235 0.0474 0.0397 0.0426 0.0239 0.0519 0.0511 0.0440
6 0.0235 0.0442 0.0308 0.0521 0.0235 0.0454 0.0335 0.0507
7 0.0235 0.0428 0.0320 0.0434 0.0235 0.0467 0.0370 0.0444
8 0.0232 0.0508 0.0532 0.0416 0.0233 0.0553 0.0528 0.0435

6 0—10 ecm  10—20 cm K
Yoder o
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6 Yoder Le Bissonnais 3 K

Table 6 Changes of forest steppe soil erodibility values under Yoder and 3 treatments of Le Bissonnais method

0—10 cm Mean weight diameter/mm 10—20 cm Mean weight diameter/mm
Code
Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 0.0245 0.0516 0.0518 0.0584 0.0240 0.0440 0.0542 0.0636
2 0.0245 0.0632 0.0598 0.0746 0.0258 0.0630 0.0655 0.0740
3 0.0247 0.0683 0.0696 0.0794 0.0253 0.0687 0.0665 0.0797
4 0.0244 0.0419 0.0335 0.0470 0.0238 0.0502 0.0508 0.0488
5 0.0257 0.0518 0.0461 0.0768 0.0245 0.0547 0.0549 0.0742
6 0.0235 0.0528 0.0542 0.0424 0.0237 0.0558 0.0525 0.0489
7 0.0237 0.0476 0.0388 0.0523 0.0236 0.0572 0.0607 0.0516
8 0.0237 0.0474 0.0356 0.0617 0.0239 0.0508 0.0461 0.0532
9 0.0240 0.0481 0.0386 0.0718 0.0242 0.0503 0.0438 0.0694
10 0.0251 0.0632 0.0567 0.0668 0.0256 0.0642 0.0600 0.0748
11 0.0250 0.0612 0.0576 0.0786 0.0248 0.0585 0.0581 0.0734
12 0.0247 0.0519 0.0419 0.0632 0.0248 0.0552 0.0502 0.0578
13 0.0257 0.0558 0.0513 0.0715 0.0249 0.0574 0.0521 0.0580
24
7 0—10 c¢m WS KW
0—10 ecm o
7 Yoder Le Bissonnais 3 (MWD )
Table 7 Correlation of forest soil MWD under Yoder and 3 treatments of Le Bissonnais method
0—10cm 10—20cm
Soil layer Slow wetting Wet stirring Fast wetting Soil layer Slow wetting Wet stirring  Fast wetting
Slow wetting( SW) 1 SW 1
Wet stirring( WS) 0.192 1 WS 0.029 1
Fast wetting( FW) -0.070 0.781" 1 FW -0.302 0.536 1
Yoder 0.514 -0.390 -0.598 Yoder 0.376 -0.383 -0.584
* % P<0.01; * P<0.05;n=8
8 0—10 cm WS FW SW  Yoder
o 10—20 cm WS SW FW o
0—10 ¢m
( Yoder ) o 10—20 cm
o LB 3
8 Yoder Le Bissonnais 3 (MWD )
Table 8 Correlation of forest steppe soil MWD under Yoder and 3 treatments of Le Bissonnais method
0—10 c¢m 10—20 c¢m
Soil layer Slow wetting Wet stirring Fast wetting Soil layer Slow wetting Wet stirring ~ Fast wetting
Slow wetting( SW) 1 SW 1
Wet stirring( WS) 0.352 1 WS 0.660" 1
Fast wetting( FW) 0.412 0.974** 1 FW 0.590 0.939** 1
Yoder 0.638" -0.031 0.062 Yoder 0.219 0.239 0.367
* Kk P<0.01; * P<0.05;n=13
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