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Figure 1. A schematic of the simultaneous wind, rain and runoff simulator used in this study.
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Table 1. Some physical and chemical properties of the soils.

s ekl slas L St s ekl slas L St b el slas L St S Sa
(Dg mm) fv‘JL:‘ A (D475 mm) fv‘JL:‘ £/ve D2 mm) fv‘L;L:‘ Y Soil property
7.68 7.83 7.69 pH
3.75 3.7 3.35 EC (dSm™)
lee o
13.5 13.5 14 Joles pdSil S
Calcium carbonate eq. (%)
" .
1.47 1.47 1.47 G e
Bulk density (g cm™)
T
0.39 0.58 0.195 oS
0C (%)
73.4 69.4 553 o
Sand (%)
o
16.6 20.0 30.9
Silt (%)
10.0 10.6 13.8 o
Clay (%)
Sl o S5 Sk
1.082 0.455 0.206 b B A5y o

MWD (mm)
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Table 2. The range of flow hydraulic parameters obtained for the three soil samples.

D8mm D4.75mm

Domnm

oSole sl JURE ool Sl Bl
Mean Max. Min. Mean Max. Min.

oSl Sl Sl
Mean Max. Min.

Ssode sbe el
Hydraulic parameters

0.030 0.064  0.0082 0.034 0.073 0.012

0.77 1.59 0.24 0.74 1.38 0.16

0.038 0.078 0.012 0.036 0.068 0.008

8.2 10.7 52 8.1 10.7 5.1

1.5 32 0.41 1.7 3.6 0.62

0.040 0.085 0.018

e
Velocity(m s™)

e

0.53 0.98 0.18

Depth(mm)

0.026 0.048 0.009

Shear stress(Pa)

O o,
7.9 10.3 52 4 >
Stream power (x10™ W m™)
J?U ULL_)’ Q)J\E
2.0 43 0.88

Unit stream power (x10* m s™)
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Table 3. Analysis of variance for hydraulic parameters affected by three factors of soil, rain intensity and wind
speed (values in the Table represent the mean square (MS)).

ol Soydd PNt ) ) e I s
SER B, i .
ol Al O ok~ Shear ol 4y Ol Sl ey
D .
Interrill Unit stream Stream stress Water flow Flow of Source of variance
erosion power power depth velocity o
g . - - - - iy
7.1x10 2.5%10 1.2x10 0.001 0.62 0.001 2
Soil (A)
- - - . . - SB{AINR
3.6x10% 1.5x10% 6.3x107 0.001 0.126 0.001 2 oo
Rain intensity (B)
6.2x10* 2.6x107 4.5x107 0.011 4.63 0.011 3 =
Wind speed (C)
6.5x10710 5.8x10710m 2.7x10°" 1.3x10°™ 0.005™ 2.4x10°" 4 AxB
0.001™ 4.1x10°" 3.6x10°"™ 0.001” 0.158™ 0.001” 6 AxC
2.5x10°" 6.1x10°" 1.4x10°%" 9.9x10°" 0.041™ 0.001” 6 BxC
0.001™ 2.5x10%" 1.9x10°™ 0.001” 0.077" 0.001" 12 AxBxC
-10 9 9 -5 s Lo
3.1x10 1.3x10 4.2x10 7.2x10 0.03 5.4x10 72
Error

.L;JJL;'M 6.1.9 ).<;Lg s Aoy ;.<;~ K] @ JL«:}‘ da.ﬂ BE )lJL;.M J."l Jfglf gﬁglﬁm -
* and ** indicate significant at 5% and 1% levels. ™ means non-significant.
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Table 4. Mean comparison among the values of hydraulic parameters at different levels of soil, rain intensity

and wind speed.

6)%:4\}«&@_)3 J?U[)Liﬂ;;)u\ﬁ [)Liﬂd)).,\ﬁ JI:_}.:J.ZVJ %""*—i‘yé"& ul{f\:,&jw J“L;C}J‘“" J&LF
. . Unit stream Stream Shear Water flow Flow Factor
Interrill erosion . Factor
power power stress depth velocity levels
0.000101a 0.000201a 0.00079b 0.026b 0.53b 0.040a Damm
Sk
0.000083b 0.000170b 0.00081ab 0.036a 0.74a 0.034b D4 75mm Soil
oi
0.000073¢ 0.000149¢ 0.00082a 0.038a 0.77a 0.030c Dsumm
0.000053¢ 0.000160b 0.00066¢ 0.030b 0.62b 0.032b 30
ALl s
0.000087b 0.000164b 0.00085b 0.036a 0.74a 0.033b 50
Rain intensity
0.000116a 0.000197a 0.00091a 0.034ab 0.68ab 0.039a 75
0.000043d 0.000078d 0.00082a 0.056a 1.15a 0.015d 0
0.000053¢ 0.000121¢ 0.00094a 0.043b 0.89b 0.024c¢ 6 .
HENGIC
0.000099b 0.000190b 0.00083b  0.023c 0.47¢ 0.038b 9 Wind speed
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Similar letters for different levels of each factor (i.e. soil, rain intensity and wind speed) indicates non-significant differences

at 5% level of probability using the Duncan’ test.
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Figure 2. The relationship between wind velocity and mean flow velocity in soils with different particle size

distribution and various rainfall intensities.
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Figure 3. The relationship between wind velocity and flow depth in soils with different particle size

distribution and various rainfall intensities.
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Figure 4. The relationship between wind velocity and shear stress in soils with different particle size

distribution and various rainfall intensities.

'Yy



g3llageme dme g i)l 2L, iz,

12 D2 mm 12 - D475 mm
10
E
38
2%
A
p) TX:G
28 L 4
£a -
g
2 ----@--- 30mm/h
2 = % =50mm/h 2 1
—tpy— 75 mm/h
0 : . . | 0 '
0 3 6 9 12 0 3
b oe g
(Wind velocity (m s

Soe g
Wind velocity (m s?)

T | o ; ; : )
9 12 0 3 6 9 12

Soe g
Wind velocity (m s?)

Il glise SLSAS 53 5 il S5 I a5 b GBS 3 Ol Sy g sl b o Al -0 S

Figure 5. The relationship between wind velocity and stream power in soils with different particle size

distribution and various rainfall intensities.
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Figure 6. The relationship between wind velocity and unit stream power in soils with different particle size

distribution and various rainfall intensities.
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Figure 7. The relationship between interrill erosion and flow velocity in different soils affected by wind-driven rains.
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Figure 8. The relationship between interrill erosion and flow depth in different soils affected by wind-driven rains.

J_{\ (O J.(.L) A 6)@;04 JZ,{L,:J.e

3 05 e Ol Lo 53 5 S

Bl

S (b R9) Qb Ges 2 ede alple
aslie (0Y) sl i ol JES s s 0L~
R jlais) Ol ool b a by o s el
SN 4y bgrye olin 5 508 (LAY B4 E oy
oo Sl Ol Ges s Ghn A
o s b SO S olea s (ol
s kalS 5 Kos b gl s 0L s e el
Codd Sl 5 mlep Sl s 0L Ges
LU OL 2 op B szl cnl (g5 o 4 0L
B (GFSa S oS ) s
S SAR A Ol Gas (el 53 s e
Sl 0L oodd JzS s 0L > o @
Sdd eSS g geias s yls oLl fL:a oLl co
O alie Ob o o8 Al G s Al b
S ol G S 5 Db e s B

"

SAE Ol Ges (IS0 6 L alis

5 oS bl o s A5 okt Rl
sy olis bl ol b (LK) et
foam g b Ol 5o W3 &S boles (4 IS5
e e tlesl ples s ook D3 OLSS 5 b
Sl s ey Ol Gee Sl e les b
YL Sislie 559 b 5l ayls ol wlie g ls,
gli o2 Gl S RY el oyl
N5 b B LS A S e
el oldine Gulep wals J s L S
slaexls 5l S Olpeay oo R odate &b
ol 53 4 350 g0 at s O o SAole b g
ol 3l 55 hle s syl gl b gladas
Sk 3l b S Al 481) 35 (YY) el
ol g Sdd falS e 0L Ges A
WL L5 0L Ges @IS 51 LY &S 3 (ol
ALl b Sol b A5 2 esdle Al S
Cdd alS el plie ke 0 (Ss s



g3llageme dme g i)l 2L, iz,

25 = E h ¥=-0.402In(x)- 0.9519
_ D3 mm e30mm/h ¥ 0;‘—':':’(;)27;-6992 2.5 9 Dyzsmm °20™m/ =g s
i 4 msomm/h y=-0.7In(x)- 1.7206 W50 mm/h y=-0.493In(x) - 0.8745
o =-0.7 -1 R* = 0.9805
=2 2 “ R*=0.9704 2 4 A75 mm/h y=-0.779In(x)- 1.6161
7 2 5 A75mm/h y = -0.876In(x) - 1.9706 5 R* = 0.9561
‘_j & R*=0.9136
_'_’L\ ; 1.5 4 5
3 &
u =
)8 1 -
9 2 1
~ 8
92
205 05 -
<
g
0 T T T ! 0 T T T )
0 0.02 0.04  0.06 0.08 0 0.02 0.04 . 0.06 0.08
[C XS (€S
Shear stress (Pa) Shear stress (Pa)

15

0.5

D ©30 mm/h ¥ =-0:402In(x) - 0.9519
gmm / R? = 0.9925
50 mm/h ¥ = -0.685In(x)- 1.5748
4 R?=0.9626
L Y
] \‘ A75 mm/h y=-0.841In(x) - 1.8994

R*=0.9289

1 a~.A
= L]
0 0.02 0.04 0.06 0.08
o G
Shear stress (Pa)

.:Q}I;‘L’a SLOLL cov il S s L3 A8 5 obdom Shle  Odd e dal, -4 IS

Figure 9. The relationship between interrill erosion and shear stress in different soils affected by wind-driven rains.
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Figure 10. The effect of stream power on interrill erosion of different soils affected by wind-driven rains.
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Figure 11. The effect of unit stream power on interrill erosion of different soils affected by wind-driven rains.
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Abstract

Background and Objectives: Many natural rainstorms in arid and semiarid regions accompany by
wind blowing. However, so far no comprehensive research has been done on the influence of wind
on rain-induced erosion under laboratory conditions in Iran. The present study was conducted to
investigate the interactive effects of different wind velocities and rain intensities on flow hydraulic
parameters and on the interrill erosion rate of several agricultural soils. For this purpose, a
simultaneous wind, rain and runoff simulator was used, which has been designed and constructed for
the first time in the country.

Materials and Methods: Various combinations of four wind speeds including 0, 6, 9 and 12 m s,
three rain intensities of 30, 50 and 75 mm h™' were introduced on three cropland soils with different
aggregate size distributions with the largest particle sizes of 2, 4.75 and 8 mm, each at three
replications. Different flow hydraulic parameters including mean flow velocity, flow depth, shear
stress, stream power and unit stream power in addition to the rate of interrill erosion were measured.
Afterwards, the effects of wind velocity on the flow hydraulic parameters and also the influence of
the measured parameters on interrill erosion rate were assessed.

Results: The results showed that depending on wind velocity, the rate of interrill erosion varied from
0.021 and 0.22 g m™ s™'. In this research, the wind velocity of 6 to 9 m s was introduced as a
threshold value. With increasing wind speed particularly those speeds higher than the threshold, the
flow parameters of velocity and unit stream power increased, whereas, flow depth and shear stress
decreased. In addition, stream power increased as wind velocity increased up to the threshold wind
velocity and at the higher wind speeds, the reverse trend was observed. The result indicated that
wind velocity can control interrill erosion rate through affecting on flow hydraulic parameters.
Interrill erosion increased with increasing the velocity and unit stream power of flow, while it was
reduced when flow depth, shear stress and stream power increased. This was attributed to the
expenditure of raindrops energy for passing through water depth. In fact, the opposite relationship
between flow velocity and water depth affects the other hydraulic parameters. Moreover, the
presence of coarser aggregates at the soil surface increased water depth and decreased the flow
velocity and unit stream power of flow, resulting in interrill erosion reduction.

Conclusion: The findings of this study showed that in wind-driven rains particularly at those wind
velocities higher than a threshold value, interrill erosion rate increased sharply due to increasing in
rain erosivity and flow velocity and decreasing in flow depth. It was found that with appropriate soil
management in agricultural soils for increasing the size and strength of surface aggregates, flow
velocity and consequently soil erosion can be reduced. From another point of view, the presence of
stable and coarser aggregates at soil surface decreases interril erosion. Overall, the findings of this
study revealed the importance and necessity of more studies on soil erosion processes due to wind-
driven rain.
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