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Fig. 1- Location of study area and a sample of experimetal plot
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Fig. 2- @) An experimetal plot and b) M easuring flow velocity
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Table 1- Descriptive of hydroulic parameter s of surface flows
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*Flow hydroulic index Equation
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Mean flow velocity Vm =XT
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Flow velocity near bed surface
Sile () cupd
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Manning's n
Obs> P r RS awsie Z'ZpgDS
Mean shear stress
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Flow depth D=qV
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*V,, is mean flow velocity (m s™), T is time (s) distance traveled, V is velocity in soil surface (m s™), a is 0.67, g is acceleration of
gravity (m s?), D is mean flow depth (cm), n is maning coefficient, S slope of water surface (m m™), 7 is shear stress (Pa), p is fluid

density (kg m™) and q is discharge in with unit (m? s).
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Table 2- Some physical and chemical properties of studied soil
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pH OM

EC  u»b &

(%) (%) (dsm™) (gem®)
Clay Silt Sand Texture class Bulk density
(%) (g em™)
56 31 13 ) 7.5 028 047 1.38
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Table 3- Variance analysis of hydroulic propertiesin different rock fragment coversand surface flows
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Sour ce of variation &3l ol B ol “f’w Siilo (5515 cu g Ol o
Degree freedom (cm s ) Manningsn (Pa)
Flow depth flow velocity Flow shear stress
03 ) Siaw by 3 1.623% 2.290% 1.904* 0.119%
Rock fragment cover
b by 2 1.768°** 0.464"** 0.428™ 0.169***
Surface flow
b bys X 05y Kiw L 6 0.227*" 0.208™ 0.006™
Rock fragment coverx Surface flow
e 24 0.042 0.219 0.005
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Table 4- Mean comparision of flow hydroulic propertiesin rock fragment cover treatment

Sy s S5y
_ . Hydroulic properties
832 y N gy b o -
Rock fragment cover (cm) oU o Gos el N > Siilo g 1) o o ORI RO
(ems?) , (Pa)
Flow depth ) Manningsn
Flow velocity Flow shear stress

0 0.738° 1.255° 0.077° 0.226°

10 0.964° 1.029° 0.283° 0.274°

20 1.300° 0.437° 0.740° 0.394°

30 1.713° 0.171¢ 1.101° 0.479°

85 ool o[+ 0 pdaw ;> S5l g0l 51 ookl b Loy Silie dunlios:
* comparision of means were done usind Duncan test in 0.05 level
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Fig. 3- Interaction of different rock fragment cover and surface flow on flow velocity
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Table 5- Coefficients of relationship flow depth and velocity with rock fragment cover in surface flows

b sl > oL (os Ol G
Surface flows Flow depth Flow velocity
(L min) ar br RMSE  R? as bs RMSE R?
2.5 0.477  0.022 0.075 0.931 1.279  -0.082 0.123 0.948
5.0 0.634  0.036 0.153 0.897 1.335  -0.051 0.352 0.654
7.5 0.872  0.044 0.070 0.985 1.395  -0.031 0.367 0.465
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Table 6- Coeficients M anning's n and Flow shear stresswith rodk fragment cover

P s Sisile ) w0 Ol (MRS
Surface flows Manningsn Flow shear stress
(L min) ax by RMSE R? as bs RMSE R?
2.5 0.149 0.038 0.139 0.935 0.138 0.006 0.027 0.879
5.0 0.002 0.039 0.131 0.722  0.205 0.009 0.041 0.884
7.5 0.005 0.028 0.315 0.542 0.290 0.012 0.033 0.952
1.4 i ol s
GRy% e 1.1 Flow depth
ESER Flow velocity 33 - e .
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Fig. 4. Efect of rock fragment cover on hydroulic propertiesin surface flow 2.5 L min™
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Table 7- Variance analysis of rill propertiesin different rock fragment covers and surface flows

a3 Ol nbe
M ean sguare
- 8315 ob; o . Jeb R Gos
e e (min) (m) s (cm) (cm) (cm)
Source of variation fDegree ] ] Number )
reedom Time Location Length Width  Depth
o) S by 3 27383% 423" 10.25"  439.4™  9.41™  0.680"
Rock fragment cover
e ol 2 708.6™ 89.0" 3.11™ 217417 60.17**  1.002%
Surface flow
aw by X 05, K Liide 6 416.1™ 32.4% 322" 214.0™® 821"  0.127%
Rock fragment coverx Surface flow
ks 24 449.8 20.8 2.64 274.7 5.13 0.189
Error
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Table 8- Mean comparision of rill propertiesin rock
fragment cover treatment

S g S5
Rill properties

L3, S W s .
)'5)"5 My g Ul") i oS
Rock fragment cover . s

(rT1|n) Number (cm)

Time Depth

0 13.60°  4.1*  1.215°

10 22,59 32%  1.253%

20 3328 2.1°  1.020®

30 54.11°  1.7°  0.652°

NS e s R

is 0.001, 0.01, 0.05 and non-significantly, respectively
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Introduction: Rock fragments on soil surfaces can also have several contrasting effects on the hydraulics of
overland flow and soil erosion processes. Many investigators have found that a cover of rock fragments on a soil
surface can decrease its erosion potential compared to bare soil surface (1, 12 and 18). This has mainly been
attributed to the protection of the soil surface by rock fragments against the beating action of rain. This leads to a
decrease in the intensity of surface sealing, an increase in the infiltration rate, a decrease in the runoff volume
and rate, and, hence, a decrease in sediment generation and production for soils covered by rock fragments.
Parameters that have been reported to be important for explaining the degree of runoff or soil loss from soils
containing rock fragments include the position and size (15), geometry (18), and percentage cover (11 and 12) of
rock fragments and the structure of fine earth (16). Surface rock fragment cover is a more important factor for
hydroulic properties of surface flows such as flow depth, flow velocity, Manning's roughness coefficient (n
parameter) and flow shear stress and geometrics properties of formed rill such as time, location, number, length,
width and depth of rill. Surface rock fragment cover is directly affected soil erosion processes in dry area
specially in areas that plant can not grow because of sever dryness and salinity. Also, Surface rock fragment
prevent the contact of rain drops to aggregates, decreasing physical degradation by decreasing flow velocity. The
objective of this study was to investigate the effect of different surface rock fragment cover on hydraulic
properties of surface flows and geometrics properties of formed rill.

Materials and Methods. For this purpose, 36 field plots of 20 meter length and 0.5 meter width with 3%
slope were established in research field of agricultural faculty, Shahrekord University. Before each erosion
event, topsoil was tilled and smoothed with hand tools to remove soil irregularities and soil sealing, update
aggregates which come from deeper soil. Then, for beginning the experiment, surface rock fragment cover is
scattered randomly on plot surface. Experiment equipment such as collecting the runoff systems installed at the
end of plots. In each experiment after setting the surface flow, surface runoff inter to soil surface and testing
continued for 60 minutes after starting runoff. Flow velocity was measured using a dye-tracing technique
(potassium permanganate) and depth, width and length of rill were measured using a ruler. Treatments were
including four level rock fragment cover (0, 10, 20 and 30%) and three rate runoff (2.5, 5 and 7.5 L min™") with
three replications that experiments were done in a factorial with randomized complete block design. Surface
runoff samples were oven-dried and weighed to determine sediment loads. Sediment concentration was
determined as the ratio of dry sediment mass to runoff volume, while the erosion rate was calculated as the
sediment yield per unit area per period of time.

Results and Discussion: The results of this study showed that surface rock fragment cover plays an
important role in water distribution. Based on the results, the positive effects of rock fragment cover on
Manning's n and the negative effect on flow velocity. Increasing surface rock fragment cover increased
hydroulic properties such as flow depth, Manning s n and flow shear stress significantly (p<0.05) as linearity.
Also, increasing surface rock fragment cover decreased flow velocity exponentially. Statistically comparison of
effect different rock fragment cover on geometrics properties of rill indicated that incresing surface rock
fragment cover decreased time, number, depth of the formed rill significantly (p<0.05). However, increasing
surface rock fragment no effect statistically on location, length and width of rill.

Conclusion: The results of this study showed that increasing of surface rock fragment cover is affected
hydraulic properties of surface flows and geometrics properties of formed rill. Threshold rill formation was
delayed with increasing surface rock fragment cover. This delay of rill formation is very important for areas such
as Charmahal va Bakhtiari that has short-term rainstorms and cross-sectional runoff.

These findings have implications for soil water conservation and soil erosion modeling under semi-humid
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climatic conditions. Similar soils to these studied here are widespread in Shahrekord region, and therefore, these
conclusions can be applied widely.
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