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Table 1 Basic soil properties of the grasslands rehabilitated under “Grain for Green” during the plant growing period
Bk H ¥ Date (MM-DD ) /& Growth period
F I I Iir v \Y VI Wi
Grass type 04-18 05-24 06-18 07-18 08-15 09-10 09-30
g R Eilipe IHiE Toft 5 1A USSR I U i SE Y e Fil 7 Hilvs A9
Leymus Regreening Earing Flowering ~ Seed maturing Early seeds Peak of seeds Late stage of
scattering stage scattering seeds scattering
AL BH FERIE I, AR THiE 43k il I il 5 A A Y
R Regreening Side branch  Budding Flowering Podding Early seeds Late seeds
Alfalfa forming maturing stage maturing stage
Xof R TR P 4y - R S 40 — FPROE 4] J Y]
(7)) Before Seedling Heading and Grain forming Maturing stage
Control planting stage filling stage stage

(‘millet )
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L, SAKFEIYIS) (Pa) , p K (kgm™)
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Fig. 1 Design of the flumes in the experiment
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%0.023 kg m> T 2P, ARWERAN, N
15%, TERFREEKR (JLAK) FNREERME
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M S B R AR A AR R R A W g AR
b, I EL i 5 %) 138 53 B BE T - (/)
Fox BERE bl - 35 B BRI I, X AT e SR
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A4 0 M 2 R N [ A 26 o AR F 9% 3k 56 33
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e YRR R, B AT 1 56 1 AR Ak Y R
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AR 56 B B SE R B R Zhang 25 U WRSY A SER
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Fig. 2 Seasonal variations of soil detachment capacity in leymus and alfalfa grasslands
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Fig. 3 Seasonal variation of soil properties of the rehabilitated grasslands
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LR . WIATE . R RAAKAL
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M, HJE, B R e AR ) Sy AR
HE B, AR HF A 1 0 B RE ) Y
AR AR R T A

A FE R FHARLAE U 53 A D7, ) Tt -
SR MR AR MK Y U ) RS B AU 1
oy B ae I iy A= AR A
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Fig. 4 Relationships of soil detachment capacity with soil properties and root density
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Table 2 Parameter values of the simulated equation of soil

detachment capacity

B K

Grass type

a b ¢ d R’ ME

i 17.8 -6.486 -0.295 7.202 0.73 085

Leymus

EWER 0528 —2.477 -2.21  4.185 0.81  0.88
Alfalfa

K5 e B Re s BLME S SEIME R OC &R
Fig. 5 Relationship between the simulated and measured soil

detachment capacities

http: //pedologica. issas. ac. cn

$ 2016-7-1 9:51:14 ’7




+Jindd 1053

41

GRS R e e WA ol R A

1053

3 45 i

T HERGZE T 25 EE AR AR P R AR A 4 e
(14 ) 28575 A R R AR 2R 198 A K S 52 i 9 - v D X
IR HF R A B RE ) T AR R B R . PR
N7 TR AR AT RIS 7 i ) - 48 53 B R ) 247 B 5t - RS
501, AE L KFRAE R R AR RIR 2R % R 08 0 2 15
BRI BOY BEAK . A PR [R] R B A7 PR b 1
WEASTE | MR F R UK BB Y 7 S G b s AR AL
FpRs b ) £ 3y B Re I = ARk, (R, i Fix
B R 8 T HIEAE . MR R EHKIRET VI
JIXNE TS ArBE R I RE R, R AR R A A S A
R, Ot , 2B e A — 2 1 M 25 F
JRIBR M . RPN [ AR AR A B A AN AR K R Y
B0 B RE 1 S8 2 i S i BERE L (T )+
BB RE S BIME16.32%M14.79% , 3% Ui B 7F i
- e J b DGRBS B A R T X K AR

2 % 3 #f

[ 1] FuBJ. Soil erosion and its control in the Loess Plateau
of China. Soil Use and Management, 1989, 5 (2) :
76—82

Kheir R B, Cerdan O, Abdallah C. Regional soil
erosion risk mapping in Lebanon. Geomorphology,
2006, 82 (3/4) : 347—359

Shi H, Shao M A. Soil and water loss from the Loess
Plateau in China. Journal of Arid Environments,
2000, 45 (1) : 9—20

REsamm, AREHR, R 2 b KRB L B3R Y
WESEIRIE. Bz, 1998, 43 (2) : 200—203
Tang K L., Zhang K L, Lei A L. Study and proof of the
upper limit slope for cultivation in the hilly region of the
Loess Plateau (In Chinese ) . Science Bulletin, 1998,
43 (2) : 200—203

Scherer U, Zehe E, Tribing K, et al. Prediction of
soil detachment in agricultural loess catchments: Model
development and parameterisation. Catena, 2012,
90 (3) : 63—75

[ 6] Nearing M A, Simanton J R, Norton L D, et al. Soil
erosion by surface water flow on a stony, semiarid
hillslope. Earth Surface Processes and Landforms,
1999, 24 (8) : 677—686

Zhang G H, Liu B'Y, Liu G B, et al. Detachment of
undisturbed soil by shallow flow. Soil Science Society of
America Journal, 2003, 67 (3) : 713—719

Zhang G H, Tang K M, Zhang X C. Temporal variation

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

in soil detachment under different land uses in the
Loess Plateau of China. Earth Surface Processes and
Landforms, 2009, 34 (9) : 1302 - 1309

Nearing M A, West L T, Brown L C. A consolidation
model for estimating changes in rill erodibility.
Transactions of the American Society of Agricultural
Engineers, 1988, 31 (3) : 696—700

Ghebreiyessus Y T, Gantzer C J, Alberts E E, et al.
Soil erosion by concentration flow: Shear stress and
bulk density.Transactions of the American Society of
Agricultural Engineers, 1994, 37 (6) : 1791—1797
Morgan R P, Quiton J N, Smith R E, et al. The
European soil erosion model (EUROSEM ) : A
dynamic approach for predicting sediment transport from
fields and small catchments. Earth Surface Processes
and Landforms, 1998, 23 (6) : 527—544

Zheng F L, Huang C H, Norton L D. Vertical hydraulic
gradient and run-on water and sediment effects on
erosion processes and sediment regimes. Soil Science
Society of America Journal, 2000, 64 (1) : 4—11
Knapen A, Poesen J, Govers G, et al. Resistance
of soils to concentrated flow erosion: A review. Earth
Science Reviews, 2007, 80 (1/2) : 75—109
Knapen A, Poesen J, De Baets S. Seasonal variations
in soil erosion resistance during concentrated flow for a
loess-derived soil under two contrasting tillage practices.
Soil & Tillage Research, 2007, 94 (2) : 425—440
Yu Y C, Zhang G H, Geng R, et al. Temporal
variation in soil detachment capacity by overland flow
under four typical crops in the Loess Plateau of China.
Biosystems Engineering, 2014, 122 (3) : 139—148
Nachtergaele J, Poesen J. Spatial and temporal
variations in resistance of loess-derived soils to
ephemeral gully erosion. European Journal of Soil
Science, 2002, 53 (3) : 449—463

Van Klaveren R W, McCool D K. Erodibility and
critical shear of a previously frozen soil. Transactions
of the American Society of Agricultural Engineers,
1998, 41 (5) : 1315—1321

Bryan R B. Soil erodibility and processes of water
erosion on hillslope. Geomorphology, 2000, 32
(3/4) : 385—415

Li Y Y, Shao M A. Change of soil physical properties
under long—term natural vegetation restoration in the
Loess Plateau of China. Journal of Arid Environments,
2006, 64 (1) : 77—96

Angers D A, Caron J. Plant-induced changes in soil
structure: Processes and feedbacks. Biogeochemistry,

1998, 42 (1/2) : 55—72

http: //pedologica. issas. ac. en

2016-7-1 9:51:14




+Jiindd 1054

1054 + o oE 53 %
[21]  E%0t, 2, |E%, % BTKENIIES (3/4) : 425—432
R R AT S e B o8 B O AR R, [26] Coote DR, Mc Govern M C A, Wall G J, et al. Seasonal
2011, 48 (6) : 1133—1140 variations of erodibility indices based on shear strength and
Wang J] G, Li C X, Cai C F, et al.Quantitative ageregate stability in some Ontario Soils. Canadian Journal
relationship of detachment rate of red soil in of Soil Science, 1988, 68 (2) : 405—416
concentrated flow with soil aggregate charcateristics [27] Govers G, Everaert W, Poesen J, et al. A long-flume
and soil shear strength (In Chinese ) . Acta Pedologica study of the dynamic factors affecting the resistance of
Sinica, 2011, 48 (6) : 1133—1140 a loamy soil to concentrated flow erosion. Earth Surface
[22] Angulo-Jaramillo R, Vandervaere J P, Roulier S, Processes and Landforms, 1990, 15 (4) : 313—328
et al. Field measurement of soil surface hydraulic [28 ] Barthes B, Roose E. Aggregate stability as an indicator
properties by disc and ring infiltrometers: A review and of soil susceptibility to runoff and erosion, validation at
recent developments. Soil & Tillage Research, 2000, several levels. Catena, 2002, 47 (2) : 133—149
55 (1/2) : 1—29 [29] Gyssels G, Poesen J, van Dessel W, et al. Effects of
[23] TImeson A C, Kwaad F J P M. The response of tilled cereal roots on detachment rates of single and doubled
soils to wetting by rainfall and the dynamic character of rilled topsoils during concentrated flow. European
soil erodibility//Boardman J, Foster I D L, Dearing J Journal of Soil Science, 2006, 57 (3) : 381—391
A. Soil erosion on agricultural land. New Jersey: John [30] Zhang G H, Tang K M, Ren Z P, et al. Impact of
Wiley and Sons, 1990 grass root mass density on soil detachment capacity by
[24] Ghorbani Dashtaki S H, Homaee M, Mahdian M H, et concentrated flow on steep slopes. Transactions of the
al. Site dependence performance of infiltration models. American Society of Agricultural Engineers, 2013, 56
Water Resources Management, 2009, 23 (13) (3): 927—934
1573—1650 [31] Burylo M, Rey F, Mathys N, et al. Plant root traits
[25] De Baets S, Poesen J. Empirical models for predicting affecting the resistance of soils to concentrated flow
the erosion-reducing effects of plant roots during erosion. Earth Surface Processes and Landforms,
concentrated flow erosion. Geomorphology, 2010, 118 2012, 37 (14) : 1463—1470

Seasonal Variation of Soil Detachment in Fields under “Grain for Green” in
Hilly Regions of Loess Plateau of China
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Abstract [ Objective] Soil detachment is the initial stage of soil erosion, providing sediments for
subsequent transport and deposition. Yet, it is governed by dynamics of the flow on slope, soil properties,
and growth of the vegetation root system. During the season when vegetation grows, the growing root system
may cause changes in soil properties and the seasonal variation of soil properties may affect soil detachment
processes, which has been reported in just a few of the researches on loess in Europe. Most of the researches
in the past used to focus on soil detachment on gentle slopes, leaving mechanisms affecting soil detachment
processes on steep slopes still in haze. In hilly regions of the Loess Plateau, the growth of grass roots in
rehabilitated grasslands under the practice of “Grain for Green” was found to have caused changes in soil
properties of the lands and consequently in soil detachment processes. However, it is still unclear how they
are related to each other quantitatively. [Method] In this study, an experiment was carried out using water
flumes with adjustable bed gradient to investigate changes in soil detachment processes during the plant

growing season and their potential affecting factors and especially effects of changes in soil properties and
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growth of grass roots on soil detachment capacity in two tracts of rehabilitated grasslands different in “Grain
for Green” history. One ( Tract A ) had been planted with Leymus secalinus for 3 years and the other ( Tract
B ) with Medicago sativa for 17 years. [Result] Results show that soil detachment capacity of the two tracts
of grasslands declined significantly during the whole growing season (p <0.05) . The mean soil detachment
capacity was much higher in Tract A (0.076 +0.036 kg m™> s™') than that (0.057 £0.055 kg m~ s™")
in Tract B. They varied seasonally and were mainly affected by hardening of the soil, formation of water-
stable aggregates, and root growth. With increasing soil cohesion, bulk density, content of water-stable
aggregates, and grass root density, soil detachment capacity in either soil declined exponentially. Seasonal
variation of the soil detachment capacities of two soils could well be simulated with soil bulk density, root
density, and flow shear stress (R*>0.73, ME >0.85) . Dynamic changes of the soil properties, such as
soil cohesion, bulk density and water-stable aggregates, and growth of the grass roots are the main factors
that affect the seasonal variation of soil detachment capacity in the two tracts of rehabilitated grasslands in
hilly regions of the Loess Plateau of China. The mean soil detachment capacity of Tract A and Tract B during
the whole plant growing season was only 6.32% and 4.79% of that of the control tract, respectively, which
suggests that the practice of “Grain for Green” in hilly regions of the Loess Plateau of China is conducive to
soil and water conservation in that area. [Conclusion] The findings of this study may serve as theoretic basis
and data support in elaborating hydrodynamic mechanisms of the soil detachment processes, evaluating effect
of grass roots in fields of “Grain for Green” on soil and water conservation, and rationalizing arrangement of
soil and water conservation practices and measures in hilly regions of the Loess Plateau of China.

Key words Soil detachment capacity; Seasonal variations; Soil hardening; Root growth; hilly regions

of Loess Plateau
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