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Vegetation restoration can improve the soil infiltration capacity the way and process of the vegetation
restoration affect the soil properties in soil hydrological characteristics and it will determine the
distribution of vegetation restoration. In this paper sites with different restoration types ( secondary
acacia forestland secondary grassland) and the forestland and grassland whose vegetation restoration
years were 9 15 and 25 located in Guanshan Forest Farm in the west of loess hilly region were chosen as
research objects. We aimed to illustrate the effects of vegetation restoration types and years on the
hydraulic conductivity the wetting front penetration time of 60 cm column and analyze the factors
affecting the infiltration characteristics in soil layer of 0—60 c¢m using the constant head infiltration of
undisturbed soil columns in May 2014. The results showed that: 1) the stable infiltration rate mean
infiltration rate accumulative infiltration amount in 120 minutes and the wetting front penetration time of
60 cm column in the site of 25 years vegetation restoration forestland were 1. 86 2. 60 mm/min 387. 82

mm 23.00 min respectively; in the 15 years vegetation restoration forestland they were 1.38 1.90
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mm/min 288. 88 mm 35. 33 min; in the 9 years vegetation restoration forestland they were 0. 35 1.03
mm/min 194. 50 mm 40. 00 min. Comparatively these values were 3. 17 3. 17 mm/min 386. 43 mm
24. 00 min in 25 years vegetation restoration grassland; 1.86 2. 60 mm/min 387. 82 mm 34.33 min in
the 15 years vegetation restoration grassland and 1. 86 2. 60 mm/min 387. 82 mm 38. 33 min in 9 years
vegetation restoration grassland. 2) Additionally the universal empirical model was fitted to the
undisturbed soil columns infiltration process of all the six experimental area. 3) The soil infiltration rate
was positively correlated with the organic matter content and the > 0.25 mm water-stable aggregates
content while was negatively correlated with the bulk density. In conclusion soil infiltration capacity
was enhanced with the restoration years increased; at the same restoration year soil infiltration capacity
of the grassland performed better than that of the forestland so it is recommended to increase the
secondary grassland to improve the soil rainfall infiltration rate on the loess hilly region area where the
water resource is limited.

Key words vegetation restoration year; forestland; grassland; infiltration property
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( C]Sa) 25 ( LZS;J) N ( CZS;J) 6 1°
1
Tab.1 Basic condition of sample plots
/
, /
a
. . ( *hm~?)
) Vegetation ) . Tree Ground Canopy )
Sample . Community . DBH/ . . Stand
restoration / . height/ diameter/  density/ .
plot composition cm density/
year m cm coverage /
(treesha™")
%
+ + + Robinia pseudoacacia +
L,s, 25 o oo 12+2.5 14+4.9 17.7+6.8 90 833
Rubus parvifolius + Rubus corchorifoliu + Arundo donax
+ + + Robinia pseudoacacia +
Lis. 15 . ) o . 10+1.1 11+6.3 12.9%6.5 85 500
Periploca sepium + Ampelopsis sinica + Artemisia sacrorum
+ + Robinia pseudoacacia + Rubus
Lo, 9 . 8+1.6 7+3.2 8.4x4.3 80 1 667
corchorifolius + Arundo donax
+ + Cleistogenes chinensis +
Cosa 25 .. 95
Artemisia sacrorum + Saussurea amara
Cos, 15 A + ' + Artemisia argyi + Lespedeza %0
bicolor + Cirsium setosum
Co : A A+ + Cly:cyrrhiza uralensis + Ammophila .
breviligulata + Lespedeza bicolor
1.2
1.2.1 50 g
2014 5 6 1 min
3 100
cm 0 ~10 ¢cm+10 ~20 em+20 ~30 ¢m.30 ~40 >5 mm.2 ~5 mm.1 ~2 mm.0.5 ~1 mm.

cm~40 ~50 cm

1 cm

500 g
1 ~2mm.0.5~1mm.0.25 ~0.5 mm-. <0. 25 mm

50 ~60 ¢cm
100 em®

>5 mm+2 ~5 mm-.

2

0.25 ~0.5 mm. <0.25 mm

0. 15 mm

Tab.2 Basic soil properties of sample plots

>0.25 mm

: 2 mm

Sample plot

Initial moisture content/%

Soil density/( g*cm ~?)

Water-stable aggregate

Organic matter content/

content/% (gokg™)
Los, 17.73 £0.29 1.25 +0. 01 58.97 £1.63 8.75+1.33
Lis. 15.96 £0. 34 1.26 +0. 02 57.20 £3.76 7.87 +1.09
Lo, 18.20 +0. 54 1.29 +0.03 47.77 £2.74 6. 15 +0. 80
Cos, 14.07 £0. 67 1.26 £0. 04 54.20 £3.87 7.77 £0. 63
Cisa 15.82 +1.04 1.27 £0. 04 49.82 +4.41 6.74 £0. 64
Co, 18.78 £1.38 1.31 £0.03 43.66 £3.01 5.85 +0. 67

1.2.2 60 c¢cm o
( 20cm  0.6cm 65 cm)
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Tab.3 Formula and parameter description of the four models
Model name Formula Parameter description
Kostiakov Kostiakov model A0 =a b (L- mm/min; b a means initial infiltration rate mm/
min; b means decay factor
fo f. mm/min; k fo means the initial
Horton Horton model ) =fo+(fy =f)e ™ infiltration rate and f, means the stable infiltration rate  mm/min; k represents
parameter
1
] /min7; /min s means soil moisture
Philip Philip model A0 =(1/2)s L va s mm ]mm a mm/min s means soil moisture
absorption rate mm/min2; a represents the constant mm/min
Uni | il o /- mm/min; a o means the initial
del fiversal empirica ) =f.+(fo=f) ™" infiltration rate and f, means the stable infiltration rate mm/min; a represents
mode
the parameter
1.2.4 161
—— OAFki -+ - 254k
Excel 2013 T 14 9 years forestland 25 years forestland
60 cm SPSS £ 12 o R o250
o E 10 9 years grassland 25 years grassland
18.0 BE e ISR AL
. _B% E 8 {.’ 15 years forestland
Pearson SigmaPlot 12. 5 NE & e 15
<g 6
= 15 years grassland
° 0
= A — A —A— A
2 E | - _A_——:_" :_ —A - a
1 1 1 T ]
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2 .
( 2) R Fig.2  Soil infiltration process of the forestland and grassland
. under different vegetation restoration years
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o N 1.3 mm/min 120 min

N 120 min 100 mm o

3 N

Tab.3  Soil infiltration characteristic indices of the forestland and grassland under different vegetation restoration years

120 min
Sample Initial infiltration rate/ Stable infiltration rate/ Mean infiltration rate/ Accumulative infiltration
plot ( mmemin ") ( mmemin ") ( mmemin ") amount in 120 minutes/mm

Lys, 13.94 +1. 89ab 1.86 +0.33b 2.60 £0. 34bc 387. 82 +46. 63b

Lis, 8.85+1.27b 1.38 +0.29hd 1.90 0. 16ac 288. 88 +14.31ab

Lo, 20.23 £4.36a 0.35 £0. 12a 1.03 £0. 17a 194. 50 £23. 29a

Cos, 11.57 £3.21b 3.17 £0. 13¢ 3.17 £0. 32b 386.43 +85.98b

Cisq 12. 60 +2. 14ab 2.03 £0. 75bc 2.73 £0. 81bc 377.77 £96.78b

Co, 13.28 = 1. 48ab 0.78 £0. 25ad 1.55 £0.25a 270. 70 +29. 20ab

N (P <0.05) . Note: different letters in the same column mean significant

differences between the soil infiltration characteristic indices of forestland and grassland under different vegetation restoration years at P <0. 05 level.

N N Lis, 1 min; Ly, 60 cm
120 min o Cos.
N 120 o
i 4 60 cm
Tab.4 Wetting front penetration time of 60 cm
~ 120 min Sample  Max. / Min. / Average/ SD/
( P <0. 05) ° 9 15 plot min min min min CV/%
. Co, Los, 27 19 23.00a 4.00 17.39
Ly, 0.43 mm/min CISa Lis, Lis, 40 28 35.33a 6.43 18.20
0. 83 mm/min C,, L,s, Lo, 45 33 40. 00a 6.24 15.61
Cos, L,s, 1. 57 mm/min, Cos, 29 15 24. 00a 7. 81 32.54
2.2 60 cm Cisa 35 34 34.33a 0.58 1.68
5 N Co, 45 28 38.33a 9.07 23.67
60 cm ° : N 60 cm
N 60 c¢cm (P <0.05) . Note: different letters in the same
L25_ Lli- N L15~ LQ‘ column mean significant differences between the wetting front penetration
12. 33 4.67 min C C C C time of 60 cm on the forestland and grassland under different vegetation
. . 25a 152> ~15a 9a
. restoration years at P <0. 05 level.
10.33  4.00 min. ’
6.50 min 2.3
20% C,s, 4 Kostiakov
7.81 min C,5, 0.58min C,, 9.07 min fo 7.7~19.9 Ly, L, ;b
Cs. 1.68% Cy, Gy, 20% 0.3~0.7 b Cos,
° ClSa L9a ’ R2
. C. G, 0.772 ~0.939 C,s,
60 cm o Horton £ 0.4~
. C,, 60 cm 3.2 Jo =1 9.8 ~

L,, 1.67 min; C,,, 60 cm 14.2; k 0.1~0.5 k

a



Cos, L, ; 0.882~0.974 L, L,
R>  0.702 ~0.940 Lis, ° f.
o Philip a 0.5~3.0 Ly, Cos.
0.3~2.1 C,, Css, ; s fo 1. 9.1~13.2 L,s,
13.6 ~28.2 L,s, L, a 0.2 ~0.9; R’
Co, ; R’ 0.905 ~0.983 L, ,
5 4
Tab.5 Regression results of 4 model parameters
Kostiakov Horton Philip
Sample Kostiakov model Horton model Philip model Universal empirical model
plot a b R oo So-Le k R a s R Jooo So-Le a R
Lys, 13.2 0.3 0.925 2.2 14.2 0.2 0. 830 1.8 13.6 0.901 1.9 14.4 0.3 0.929
Lis, 7.7 0.4 0.904 1.4 9.8 0.2 0.702 1.3 14.3 0. 883 1.5 9.1 0.4 0. 905
Lo, 19.9 0.7 0.982 0.4 9.9 0.5 0. 809 0.4 25.7 0.974 0.5 10. 1 0.6 0.983
Cos, 11.7 0.3 0.772 3.2 13.8 0.1 0. 855 2.1 15.1 0. 882 3.0 13.2 0.2 0. 946
Cisa 12.3 0.3 0.939 1.9 10.9 0.2 0. 847 1.5 21.4 0.935 1.7 10.9 0.4 0.941
Co, 13.6 0.4 0.927 0.5 11.5 0.4 0. 940 0.3 28.2 0.909 0.7 11.9 0.9 0. 950
R’ Pearson ( 6)
R >0.25 mm .
0.905 ~0.983 N
o Kostiakov Cos. ~>0.25 mm
5 N
L5, Cy, Philip o
0.900 Horton C,, o
5 >0.25 mm
2.4
6
Tab.6 Correlations between soil physical and chemical properties and soil infiltration rates
>0.25 mm
Index Soil bulk density/ Organic matter >0. 25 mm water-stable
(geem™3) content/( gokg ") aggregate content/%
Initial infiltration rate -0.606" 0.681" 0.532"
Stable infiltration rate -0.782* 0.719* 0. 646"
Mean infiltration rate -0.704* 0.658" 0.555"
e (P<0.01);" (P <0.05) ., Notes: ™ means extremely significant correlation ( P <0.01) ; * means significant

correlation ( P <0. 05) .
3 ( Hippophae rhamnoides) . 3

21 23

> ( Triticum aestivum) > ( Malus

pumila) o 2 .
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170 3) Kostiakov » Philip .
o Horton
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4 25
0. 900 o o
Kostiakov t—o  f{t) >0
« Horton 7. 2012 26( 6) : 249-253.
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o Zhang
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ecological restoration practices in the typical arid-hot valley J .
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