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Effects of Vegetation Restoration on Soil Infiltration and
Runoff in the Gully Regions on the Loess Plateau
MA Xueyan', MU Xingmin*®, WANG Shuangyin', BAI Yungang', NIU Fangpeng'

(1. Xinjiang Institute of Water Resources and Hydropower , Urumqi 830049, China; 2. State Key Laboratory of Soil
Erosion and Dryland Farming on the Loess Plateau, Northwest Agriculture and Forestry University , Yangling »
Shaanzi 712100, China ; 3. Institute of Soil and Water Conservation s Chinese Academy of Sciences and
Ministry of Water Resources, Yangling , Shaanxi 712100, China ; 4. College of Water Resources and
Architectural Engineering , Northwest Agriculture and Forestry University » Yangling s Shaanxi 712100, China)

Abstract: [Objective] To study the effects of vegetation restoration on rainfall infiltration and runoff is of
great theoretical and practical value for rational utilization of watershed water resources and ecological
construction. [ Methods ] Taking the Nanxiaohegou Watershed in the Gully Region on the Loess Plateau as the
research area, the double-ring infiltration experiments and slope surface simulated rainfall experiments were
conducted to analyze the effects of vegetation restoration on infiltration and runoff processes and
characteristics on slopes. [ Results ] (1) Vegetation restoration significantly increased the values of soil
infiltration characteristics and capacity, with the order of artificial forest > natural grassland > corn
farmland. (2) Compared to bare ground, grassland increased the transformation of rainfall into soil storage,
reduced surface runoff, and led to the appearance of multiple layers of interflow. (3) Compared to bare
ground, grassland showed more rapid changes in soil moisture content, richer runoff components, and less
runoff volume. (4) When the intensity of rainfall on bare ground was much greater than the infiltration

capacity of the land, surface runoff would be formed rapidly., and the amount of infiltration would be small,
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and there was a shallow and relatively impermeable layer in naturally restored grassland, and there was a big

difference between the infiltration capacity of the upper and lower soil layers, so as to form a loamy mid-

stream. [ Conclusion] Vegetation restoration alters the hydrological properties of the soil, changing the runoff

mechanism on slopes from predominantly overland flow to a combination of overland flow and interflow.
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Table 1 Basic information of the double-ring infiltration test
sample points

FeHL o AEE) ZENND R /m HE/O
35°42'08"  35°33'17" 1133 34
FH3E  35°42'06” 35°33'16" 1123 37
a0 35°41'59"  35°33'18" 1 144 38
Chk ) 35°42'04" 35°33'17" 1131 39
Bidk  35°41'58" 35°33'17" 1 146 36
35°41'55"  35°33'17" 1 141 35
35°41'57"  35°32'38" 1125 36
PP 35°41'53" 35°32°41" 1 142 34
#HIFE W 35°41'50" 35°32'44" 1125 44
(B4 35°41'56" 35°32'39" 1124 38
BHyE  35°41'53" 35°32'39" 1133 41
35°41'50"  35°32'43" 1126 35
35°41'42"  35°33'08" 1294 2
‘jﬁﬁ 35°41'43"  35°33'10" 1294 2
(A 35°41'43"  35°33'11" 1 294 2
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Fig.2 Artificially simulated rainfall runoff test on slope surface
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Table 2 Simulated rainfall intensity rate determination results

under different combinations

HeE mgﬁ/ﬁ WS/ % w2/ %
(mm=+h")
5% X10 cm 1.22 87.8 2.3
5% X15 cm 1.82 87.9 2.2
5% X 20 cm 2.54 89.5 1.6
5% X 25 cm 3.48 88.1 4.0
8% X5 cm 4.12 95.8 3.5
8% X10 cm 4.80 93.1 3.1
8% X 15 cm 6.14 95.7 2.9
8% X 20 cm 7.25 94.5 2.2
87 X 25 cm 7.62 96.1 2.5

N T ARHL S [ 8% 5 1+ 5600 b A8 %5 5 R
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min, FH4 A B F M 3.53 mm/min 3255/ 11.89,9.99
mm/ min, A EE A T 8% 500 00 1 38 RBLA
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Table 3 Characteristics of soil infiltration under different land use types

o A A %)J!z‘a)\?ﬁ%%/ *2’%)\@%/ ;wA@%/ FHABH/mm
(mm * min ") (mm * min ') (mm * min )
NS ] 37.58+3.85a 7.6741.83a 11.89+1.64a 214.01429.58a
H SR B 31.6343.37a 6.32+1.22a 9.9940.73a 179.78+£13.20a
EoRA H 8.9643.34b 2.62-+0.04b 3.534+0.51b 63.5249.26b
Sig. of ANOVA <20.001 0.008 <<0.001 <<0.001

TE B T B {E AR IE 22 5 TR 81 R/ 5 B R AR [R] 3t ) JH 286 280 1) 22 52 4825 (p<<0.05) .
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Fig.3 Soil infiltration process under different land use types
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Fig.4 Simulation of soil infiltration processes under different land use types
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Table 4 Simulation of soil infiltration under different land use types

- A 2R A Y 5 R* RMSE
Kostiakov #& 4 f()=230.33%% 0.983 2.106

Horton 15 % F@)=7.67+ (64.97—7.67)e "™ 0.965 2.680

AT A Philip #& 14 f()=0+30.98:"° 0.973 2.648
e AR F) =04 (33.75—0) /¢t % 0.958 3.287

Kostiakov £ F () =25.28; %% 0.967 2.309

e Horton £ % f()=6.32+ (48.41—6.32) e "% 0.970 2.224
Philip 1% #4 f()=0+25.44;"° 0.968 2.289

VB R A A F)=04(29.94—0) /¢t " 0.891 4.216

Kostiakov £ % F()=7.92¢ %% 0.936 1.019

. Horton £ % f()=2.62+ (18.40—2.62)e "1 0.918 1.152
EAAKH Philip £ %4 f)=0-+8.08:%° 0.930 1.066
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Fig.5 Processes of soil water content change during simulated rainfall on natural grassland and bare ground slopes

2.2.2 ¥ FmadAR W& 6 L FARIKE A T
T RCHE I AE 110 min B9 77 50 & HP R Al 2 Al i 4

oL BB AR AN B 7E 0—10,10—20 em HJEFH
P AR AN = R B T AR . I B B R

http: // stbexb.alljournal.com.cn



% 6 3

Th S e A B RV AR DR UK A2 ) R 3 B U B 95

FrUE A B . TE AR F BT b R 4G
ZIART I »5 min J5IFURIE 78 7 U B AR e, 5~
20 min F=HRF M 0 #2155 5)0.07 mm/ min, B J5 7= 7 3 R
TE 0.07~0.08 mm/ min,fE 61 min, #3272 7 3 R R R K
/NIEETE 010 em )2 ITFLG I b e i R
VA o AEL B RE B DN B AR E TR 0,015 ~
0.017 mm/min, 5 MR RAH L, BATE 1/5 £47,10
0.15 (a) HAEM

—— 0—10cm
—— 10—20cm

e

—

[~
T

PR/ (mm » min™)
=
=)

20 40 60 80 100 120
P 7N BY [8]/min

20 cm +JZ7E 76 min BRI G (2 7 e
WOE , PR AN 0.000 8 mm/min, 7 A XS B M3 T
b BRI AR 5 7 A R AR, AR A A AR I R
PRI I L U R AR A e ) B TR P 3 ) 0.11 mm/
min 47, J5 4% 8~30 min 7R HURTE 0.10~0.12 mm/
min, 30 min J5 & #i & ELE 0.08~0.10 mm/min, # H &
e b AR TR b R T R KRR LAY 1.4 £%
| (b) B8 o MEEWE

e
=
=)

PP/ (mm  min™)
(=1
=)

0 O 1 1 1 1 1 J
20 40 60 80 100 120

P R I [E)/min

6 B AAE AN MK T RO AR

Fig.6 Runoff production processes on natural grassland and bare ground slopes
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Fig.7 Mechanisms of infiltration and runoff production on grassland and bare ground slopes
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