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Effects of forestlands and grasslands on soil aggregates under different vegetation
restoration ages in loess hilly region
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Abstract: With the implementation of national Grain for Green plan vegetation coverage changed dramatically in many areas. Wide attention has been
paid on the variation of soil aggregates in the process of forestlands and grasslands restoration. In this paper sites with different restoration types
(secondary acacia forest and secondary grassland) and ages (10 a and 25 a) in Guanshan Forest Farm in the west of Loess Hilly Region were chosen as
research objects. The effects of vegetation restoration types and ages on the contents mean weight diameter (MWD) and fractal dimension (D) of soil
water-stable aggregates in layer of 0~30 c¢m were investigated using wet sieving method. The results showed that Macro-aggregate content (R;,5) MWD
and D were 57.60% 1.91 mm and 2.73 for 10 a forestland 60.17% 1.88 mm and 2.74 for 25 a forestland 59.89% 1.82 mm and 2.74 for 10 a
grassland and 72.69% 2.71 mm and 2.61 for 25 a grassland respectively. Obviously soil aggregates stability was enhanced with the restoration ages
increased. Additionally there existed some interactive effects. With the same restoration age of 10 a soil aggregates stability of forestland performed better
than grassland while when restoration was extended to 25 a the aggregates stability of the grassland were better than forestland. The parameters of Ry, »5
MWD and D were correlated with the content of soil organic carbon (SOC) and the clay content. In conclusion vegetation restoration types and ages have
significant influences on soil water-stable aggregates.

Keywords: vegetation restoration ages; soil water-stable aggregates; mean weight diameter; fractal dimension
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2 (Materials and methods)
(Duiker et al. 2001). 2.1
N ( 107°15° ~ 107°45°E
2007; 2011; 2012; 35°11°~35°31°N) 1072~ 1351 m
2013; Wang et al. 2014). N .
10 C 174 d 553.4 mm
(MWD) 7—9
1181.6 mm .
(2005) 1999
20 80
10
(Lal et al. 2000) 10 25a .
10 a 25 a
( 2016; 2009; Liu ;
et al. 2014;Gao et al. 2013) 10 a
( (Locust) ~ 25 a
) . 10 a
(L)~ (C.) 25 a
10,25 a (L)~ (Cy) L.
1
Table 1 Basic condition of plots
/ a /m /em /em /
Liga 10 + 8.0+1.6 7.0£3.2 8.4+4.3 80%
Las, 25 + 12.0£2.5 14.0+4.9 17.7+6.8 90%
Cion 10 4 - - - 85%
Cos, 25 + - - - 95%
2.2
2.2.1
3 50 g
0~10.10~20.20~30 cm 3 1 min
2
1 cm >5.2~5.1~2.0.5~1.0.25~0.5.<0.25 mm
2.2.2
( 500 ¢) >5. 2 mm

2~5.1~2.0.5~1.0.25~0.5.<0.25 mm

; 0.15 mm
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2 2
2.2.3 10.25 a N
0.25 mm (Ros) (MWD) . Cioa  Cos,
(D) 10~20 em  L,,, Cy, 20~30 cm
- (43 ”» (43 »
: Vv \ Cys,
m;, =M,/ M, x 100% (@)) <0.25 mm
Ross =M, oos/ My =1 =M, _,0/ My (2) 30.9% ~49.11%. C,, 0~10 c¢m Cioa
KIS " 20~30 cm >5 mm
MWD = 2 (R, m,) /2 m, 3)
= = 2~5 mm 1~2 mm
Mr < R, ( ]i. ) b 0.5~1 mm Cioa  Cos,
v le (4) 0~10
~10em L, 10~20 c¢m
MT R"lilx IOd
- - 2%. 0.25~0.5 mm 13%.
Mr < R, R,
lg|l———| =(3-D) Ig (5) >0.25 mm (Rozs)
MT Rmax
m; i M,
! ! (Zhou et al. 2008).
L () M
R 0.25 ! Ry s 0~10 cm Ry s
>0.25 mm
(&) Roxs 60% 10~20 cm Ryas 59% 20~
R, i (mm) R, 30 cm Ry s 50%.
(mm) M(r<R;) R, A
0~10 cm L,s.
(- C R 0.05 1o
224 Excel 2013 250 025 (p<0.05); -
SPSS 18.0 LSD 200 em - Cos, 3 Rozs
; 20~ 4
Pearson ’ 0~30 em Roos
SigmaPlot 12.5 25a
Ry s 10a . Cosa Ry 55
3 (ReSUItS) C 10a . LlOa LZSa
3] 0.25~0.5 mm
10.25a . : Lis 0~ 10cm
2
Table 2 Aggregates content of forestlands and grasslands under different vegetation restoration ages
/em
>5 mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm Ry s
Lioq 18.93%+2.62%"  11.25%+0.73%" 13.64%=+1.04%" 12.94%+0.81%"  8.05%+x0.33%*  35.19%+1.52%* 64.81%+1.52%"
0-10 Losa 23.57%+2.75%*  8.99%=1.25%*  11.88%+1.27%" 13.10%=1.09%" 11.56%+1.39%"  30.90%=0.60%" 69.10%+0.60%"
Coa 13.00%+3.23%*  10.65%=%1.19%*  18.48%+1.17%" 12.80%=+1.14%*  6.47%=1.32%"  38.61%+2.09%" 61.39%+2.09%"
Cas, 18.01%5.06%"  20.44%=+2.53%"  23.54%x1.70%° 12.93%+1.81%*  5.97%=0.77%*  19.11%1.39%"° 80.99%+1.39%°
Lioa 20.42%+5.28%"  9.44%=1.13%™  9.57%=0.56%* 11.45%=%0.71%*  8.57%=+0.64%"  40.54%=7.40%" 59.46%+7.40%"
10~20 Los, 10.68%+3.96%"  8.34%+0.74%*  10.92%=1.12%" 13.88%=1.56%" 11.65%=0.64%"  44.54%=+2.37%" 55.46%+2.37%"
C0a 17.23%+2.47%*  11.69%+1.69%b  11.25%+1.14%*  10.80%+0.52%"  9.30%+0.95%*  39.73%+4.37%" 60.27%+4.37%"
Cos, 28.23%+2.12%"  17.03%+0.63%°  12.60%+0.75%" 10.77%=0.60%"  6.85%+0.38%°  24.52%=1.44%" 75.48%+1.44%"
Lioq 10.78%+3.85%"  7.17%=+1.20%*  9.21%0.79%"  11.55%=+1.08%* 12.18%=1.35%"  49.11%=+4.56%" 50.89%+4.56%"
2030 Lys, 14.84%+4.48%"  7.00%+1.33%*  12.17%=+1.48%"* 13.04%=0.94%"  8.92%=1.00%"  44.03%+4.70%" 55.97%+4.71%*"
i Coa 11.30%+4.02%*  11.67%=1.28%" 12.32%+1.33%* 13.03%=+1.64%" 9.69%=0.93%*>*  42.00%+3.11%" 58.00%+3.11%*
Cas, 21.38%+2.11%*  12.96%+1.23%" 10.81%+0.93%"  9.58%=0.76%"  6.97%+0.59%°  38.31%=+2.39%" 61.69%+2.39%"

(p<0.05)
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RO.ZS C 10a RO.ZS ; 3 '3
R().ZS . L25u (D)
C,s, 0~10 em 2~5.1~2 mm
20~30 cm 2~5 mm .
Lo Ci 0~10 cm 1~2 mm N C 2)
20~30 cm 2~5 mm Li.~Cron Cos
0~10 em 10~20 cm
3.2 20~30 cm 0~10 cm
(MWD) L  0~10 cm 10~20
MWD cm 20~30 cm
MWD( 1) L., MWD Co. Cpm  0~10cm  10~20 cm
(p<0.05).
MWD Cioa Cos, Lo
L,s, <0.25 mm 10~20 cm 10~20 cm L,s,
. Lys, 10~ Ly, Ly,
20 cm MWD L, MWD 20~30 cm Co. il
; C 10a CZSL\ CZSa ; L251\ CZSu 10 ~ 20 cm
10~20 cm MWD (p<0.05). (p<0.05).
Lo, 0~10 em  10~20 cm 10~20
MWD C,, 20~30 cm MWD cm 0~10 em 20~
Cioq s Los, MWD Cos, 30 cm
MWD; L, Co. 10 ~ 20 em
—iL, =L, =mC Cos
MWD (p<0.05). 30r R
a a " i N £ ab abb
MWD MWD o o A5
MWD 2T 2
9
V
Q 20 4%
V]
35 1, =1L, EmC Cos ;
150 V]
30k T ;
25 abaf ,: T 7 1.0 s 17 ' 4
= 2 Y # 0~10 10-20 20~30
E 20t 7 . 2 R em
z 15 / /
/ / 2
/
1.oF ; 2 Fig.2 Fractal dimension (D) of soil under different vegetation types
0.51 7 ? and restoration ages
0 1 ; 1 a4 é
0~10 10~20 20~30
s em 34 SOC.
1 (S00)
( (Virto et al. 2011). .
(p<0.05) )
Fig.1  Mean weight diameter ( MWD) of soil under different ( 3)
vegetation types and restoration ages
v L. L, 0~10 e¢m SOC

(p<0.05). .
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soC Co, (p<0.05) ;
SOC Lo, ;L. 0~10 cm 10~ Cia  Cos, 0~10 cm
20 c¢cm SOC Coys, 20~30 cm 20~30 cm
SOC C,s, 0~10 em  10~20 em N N
30_ : LlOeL : LZSH - ClOn C25e1
N 3%
25 7
/
~ 20F ? « 9 SOC Ry
E / (p<0.01) D (p<
&5t %
[®) a
S| wg, P ) 0.05).
10k / bc b 7 b
/ a 4 ac c
/ / 17
. 4 ’
5 ’ ;
L LAY | 7 | 17
0~10 10~20 20~30 4 R,,;~-MWD.D SOC
F IR E/em Table 4 Correlation among Rj,s MWD D SOC and soil particle
size distribution
3
SOC (<0.002 mm) (>0.02 mm)
Ro2s 0.775* * 0.152 -0.345
Fig.3  Soil organic carbon soil under different vegetation types and
) MWD 0.433 0.338 -0.482
restoration ages
D -0.607" -0.285 0.461
T **p<0.01 * p<0.05.
¢ 3)
4 (Discussion)
4.1
15.58% ~20.37% 37.23% ~39.97%
39.80% ~ 46.80% (
L,,, Lo, 10~20 c¢m
02 T2 2012; 2008; 2011).
3 N (
Table 3 Soil particle size distribution of forestland and grassland under 2005)
different vegetation restoration ages
; 10 a MWD
fem 10 a 25 a MWD
Lig, 16.29%+0.57%* 37.74%=1.47%"  45.96%=2.03%" 25 a ; 10 a
0-10 Lys, 18.67%+0.41%" 39.16%x0.36%"  42.17%x0.73%"* D 10 a 25 a D
Cioa  15.58%+0.30%" 37.62%+0.30%" 46.80%=0.54%" 25 1
Cos,  18.47%+0.15%"  39.80%=+0.78%" 41.73%+0.92%"
Liga 18.80%%1.07%" 39.50%+1.79%" 41.71%+2.86%"
10~20 Los.  19.30%+0.87% 39.23%=1.04%" 41.47%+1.90%"
Cioa 17.52%0.53%" 37.66%x0.79%"  44.82%=1.31%" 4.2
Cosa  20.22%0.36%" 39.97%=0.51%* 39.80%=+0.84%*
Liga 18.09%%0.53%" 38.33%x0.79%"  43.58%=+1.07%"
Lose  19.65%+0.43%" 38.27%+0.30%"  42.08%+0.42%"
20~30 ‘ , b MWD D N
Cioa  17.78%+0.25%"  37.23%+0.46%" 44.98%+0.70%"
Cose  20.37%+0.48%"  38.90%+0.60%" 40.74%+0.88%"
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2) 0~
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