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Abstract

Introduction: Soil is an essential part of the environment. It is important for the production of
food and other crops. Soil erosion and sedimentation are complicated and least well-known
environmental problems worldwide (Mahmoodabadi et al, 2014). Recently, the application of
compounds that modify and improve soil quality and also reduce soil erodibility has been more
thoroughly researched. These compounds are known by the common name of soil amendments
with a relatively high variety such as gypsum, basanite, zeolite, chemical amendments, organic
additives, a variety of chemical, biological and composite polymers, soiltac, fungi, polyvinyl
acetate, vermicompost and cattle manure, biochar, straw mulching and cyanobacteria and bacteria
(Behzadfar et al, 2017). The objective of this study was to investigate the influence of bentonite
clay and slope gradient on runoff and sediment concentration and some hydraulic Characteristics
in the Loess soil using a rainfall simulator.

Materials and Methods The experiments were conducted using a rainfall simulator at the Soil
Erosion and Conservation Laboratory, Gorgan University of Agricultural Sciences and Natural
Resources, Iran. The soil used for the experiments is taken from the surface layer (0-30 cm depth)
of loess lands from Golestan province (37° 55’ N and 55° 29’ E). The soil sample at first was air-
dried, thoroughly mixed and then crushed to pass through 10 mm sieve size. Experiments were
done as factorial based on the completely randomized design with three replications. The factors
were the bentonite clay at four level (0, 2, 5 and 10 % weight) and slope steepness at three level
(10, 20 and 30%). In all experiments, each soil sample was put in the flume, then was saturated
from the bottom for 24 h. Afterward, the drainage water was removed out of the tray, and the
experiment lasted for 45 min. For each rainfall event, the sediment-laden overland flow was
sampled at selected time intervals and volumetrically measured. The sediment-laden overland
flow was sampled at several time intervals and the sediment concentration was determined.
Different hydraulic parameters including flow depth, shear stress, stream power, and unit stream
power were measured.
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Results and Discussion: The result showed that the sediment concentration decreased with
increasing levels bentonite at all slopes. At 10 % slope steepness, the mean sediment
concentration varied 32.48 in the control treatment to 24.67 kg m™ at level 3 bentonite treatment.
At 30% slope the corresponding values were 474.52 and 224.14 kg m™. Therefore, with
increasing slope steepness the sediment concentration increased. The use of bentonite at level 10
% weight could decrease 46% of sediment concentration in comparison with control treatment.
Defersha and Melesse (2012) found that rain intensity and slope gradient had significant
influences on sediment concentration. The slope gradient is important as more soil particles are
splashed down-slope than up-slope (Dunne et al. 2010; Grismer 2012). According to Fig. 2, the
obtained flow depth was 1.92x107, 1.92x107*, 1.92x10~* and 1.92x10* m for 0, 2, 5, 10% clay
treatment, respectively. Also, the depth flow ranged from 3.6x10" * to 1.96x10™* m on 10 to 30 %
slopes. The depth of flow decreased with increasing slope steepness for all treatments. In fact,
due to higher flow velocities at steeper slopes, shallower flow depths were achieved. Statistical
analysis (Table 2) confirmed significant positive main effects of application levels of bentonite
and slope on shear stress, power flow and unit power flow. The clay treatment showed significant
reductions ranging from 2 to 50% compared to the control treatment for all slopes. Unit stream
power varied from 0.0084 to 0.0095 ms™, 0.0176 to 0.0241 ms™ and 0.030 to 0.057 ms™ for 10,
20 and 30 % slope, respectively. Totally, with increasing slope steepness, all the hydraulic
parameters, except flow depth, increased. While with an increasing percentage of bentonite clay,
shear stress and depth flow and stream power, decreased. Consequently, the maximum values
were observed at the steepest slope (30 %) and control treatment (0%).

Conclusion: Based on the results obtained during the present study, it can be concluded that the
bentonite can be considered as an effective modifier of soil physicochemical properties leading to
better performance in soil and water conservation in loess lands.
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Table (1) Some physical and chemical properties of the studied soil.

Sl s AL
Value Unite Parameter
24.2 ds.m* EC) K S eulua
7.28 - (PH) a4l
16.54 Ccmol(*)/kg (CEC) 558 Usls b b
0.195 % OC) JT op S
23.48 % Sand) .»
50.67 % Silt) cd
25.85 % (Clay)
15.25 % (CaC0y) s’ 2y S
Silty loam - 0 L

Textural class (USDA)

CEC: Cation Exchange Capacity

O3l 3590 Caigiiy Do gas 3 (A (V) J9o
Table(2) Some properties of the used bentonite

Sl doly b
Value Unite Parameter
75 Cmol kg™ (CEC) 4558 dsls s b
1.05 dsm® (EC) S SIheylua
132 % Pl) oz Lol
35.5 % (PL) (6 a4~
167.54 % LL) gl =

Ol (S S sl Fa0 Jolge Wby 4 o @ (V) Jour

Table(3) The results of analysis of variance of factors affecting on hydraulic parameters flow

.,\>-\j ol = oy by S B oy U Gas &)}ﬂﬂjh&:ﬂm—& 35T 4y RS CL‘.»
Unit stream sh Sediment Degree of Source of
ear stress  Stream power Depth flow - .
power concentration freedom Variation
A

173x10°%%  0.0689**  132x10°**  00178**  14365.7%* 3 ( )c]”
ay
B) .

4.21x103** 0.228** 3.3x107%* 0.0403** 327862** 2 ( ;I T
ope
1.21x10™** 0.03** 4.3x10""™ 0.0051"™ 10687.1** 6 A*B
Lo

1.6x10° 0.0055 2.8x10° 0.00277 1206.5 24

Error
Sl o 2
15.44 16.88 10.35 21.78 20.79 - Coefficient
Variation

)l.su,_:a.ax'ancMJJ\jbcbﬂjsjl;@an%j@%%j%

*and ** significant at 0.05 and 0.01 probability level; respectively; ns: non significant.



\55

ey Sl sy CBlE  E sy ey S6 0L 5 6 el

O S il 3L ST Ws ges Ol LOT L3l Cillas
o 53 5 Pl Ol (o ST o 5a ST
oAl 1y el ol s T sl hals gy Sl
SlE T 5 ol s S S5 Cs g
oMLl Shlpl Cel gty ) Sl ealizal oS s S
w53 4S 345 oo (a5 LaalASTI
Ol (M) 70 o s b e STl e b malS el
ol S B b ) G S5 03 50 iomy &7 s
&S sl G b 5l STl mha (55 1 Vo Gl
Sl ol 55 e S 1 Lablows b Y
el b sladn T8 gy 5 adal Ol e 4 Slily
o ladeMe b b 4 e 5o 5 Ll Clblwe
(MO 5 35050 das o S2alS |y oSl b,y
s Gl g 1B b cd g5 S s S 518
S Ole o Ll 5 e 5 s o S 1) STl S,
OLL o a3 &S & Ll 55 ge oS 2
odd o A 9 1S b wl e o et 4 DUl

55 o3lizul
St ool (B 3 iy ) LS

Ob 2 (S
JERC PPN E-PH RIS [} S (S

LY Ji_.zu?j\{.@\euuuowogﬁw
13 e b an 0L e ) e Rl )
Gos llie (oS gy sb 4 ol asl 2alS (P</40)
o e=as e ) 50 Y i )l s 0L
A ZAL TR 77 S PR 7L P PO S I A S
V)P0, Ken 5 Salo . i etalie e VAYXY: T
S ag Lo g oS #Ool 035531 487 dzils Ol
s SUls) e 53 4z 5 B fals sl
0203 (F1) (oo 5 ol il iomen 303 o0
Slacas 55 S oS Sl Calien o

3- Ayoubi et al.
4- Morgan
5- Sadeghi et al.

Slly) Dgwy ks

L gt g e s Bl 1 IS )
Ol ime 55 el 0 0313 OLES Oy gy Sl
e osb ey CBlE ot BIFIL L
S Gosb 4Ll @l A3 Ao)5 0 sl 53 65l
O glacis s Olly,y Osmy Chle wals s s
SIVY/FD OFV/PA L ol s 5 as despa ¥ 5 Y
doyn Ve 535 e e 3 p S LS FVF/OY
Rl i oS de gt Gl So ) S
e e 3 p S LS YYENF 5 AV YF/55 L
Sl LS 5 S 0L Olg o S0 (gam ST s
a5k o SUls) g Sl ik gl a5 90
Ay et 53 b e R VF 50 S0
LT3 gamms 5 (o3lamintian )l 5 (V) ks 5 Li s
Ftr s JHB PSU b am)s 5 s ST 0L (F4)
r_@ﬁ)%%@):wl.:)bgy)wolk
4l VL ) (g ST 15 oS g5k 4
(i 55 (VF A) L5 n Oledl b b Coar
Rt B S b e o g 0L Ol
S 4o Oladil O seo 4 S5 13 by e Ol e
13 JST Ol 4t 53 5 b ol

Ol Rl L e ot o 53 K03 (g pm
Ol (ials di gy pmy Sl b g S )
Sy Sble o3 Vel 348 g5k 4 ol
S s ) (S8 e V't 50Y Gho gl p DU,
YE/PV 508/ ) QAP FY/FA Ly ol 5 i
Ao )3 ¥ b s T s 4y a0 S LS
3wV 50 Y lasles 5y g,y ShIE
5 (e i) bl Hlas 4 Sl 5 5
sdalie 2alS Aoy BYVE 5 YV FVAY L 0,

OV 0L 5 LS s L Laasil ol s

1- Defersha and Melesse
2- Gailani et al.



(*103 m) Ob > Gos

\PV

VE o Olsls ¥ o5Llos FF il (5505187 (sale dlams) (215 (ki

G (P<70) 6515 (gma sk 4 OL o Gos Ol
ACIPR S PRV P SR WS SO R TP e 1
TN N T S 5 s
Co s S s e Cs 4 20 1/48%Y 0

58 Gae bgladl o GG glacd s 25 0L~

o3 aS sl Ol SLwoll Sleslinwl L Calides
HLSa s r,?y;; e (o3 V/0) 45 lacas
Ol e 93 4> &5 J.:LE u:..alfg,&b Sl ou\;fcwl
sh e s Sl
ol S5 0L 2 Gas 5 o o oY S G

AT s Sy ool s B L S gy sb 4l 1S WSe
500
Dl a
450 - —8— 510% —4—S20% ——S30%
@ ]
g 400 b
4 2 350 4 \ b
4z
b g 300 -
L E
) 2 250 - c
— (¥ 5]
o g -
EP S 200 1 g4
h—1 4
= =
E 150 - de
T 100 A de
WD e
50 4 ¢ f £
N o— —® f
0 L] L] L] L] L] L]
0 2 4 6 8 10 12

Clay Percentage

5P M_Jb

Oguy Sle 3wl § Cadgig il = glaw WG (1) S
Figure (1) Effects of various levels of bentonite and slopes on sediment concentration

0.35
03 - a) y =0.2854¢ 004
) = R*=0.963
Eoaxs *
S Tt
¥ 02
P -8 b
g
& 0.15 A
g
= 0.1
0.05
0 T
0 2 6 10 12
Clay Percentage
) R

(*103 m) b G

035
b) a
0.3 4 Y ~ y=0.7897x 0415
z RN R*= 0.9899
. e, b
"é 0.25 - S
= 02 4 s Y b
=
@
2 015 -
z
2
& 01 -
0.05
0 T T T x x x
0 5 10 15 20 25 30 35
Slope (%)
(L))

Ol $oe 2 (0) cud 9 (@) cudgiis (o) s gglaw p3U (V) S
Figure(2) Effects of various levels bentonite clay (a) and slopes (b) on flow depth



\PA

ey Sl sy CBlE  E sy ey S6 0L 5 6 el

RPN I N S T
a3l 0L SRalS Ol 2 (B A (S s
22 0L (B AT ke Vi 0 a8 6k
S S 2 ) (FI8 A3 V0 5 0(Y o)l
i 33 o3 YO 3V A L 5w dald Hls o
Ao 3 ¥l 55 g de ) YF 310 Y up )5 ¥
o300 s YA g a8 e sl sl
"L en 5 55 s L b 4Bl ol sls 0L hals
LT oyls Coiillas (V) "ol 5 5 5 (FS)
ST ay Laod S #Olol 025580 45 s S 0L
Gt LS 5 S (g ded sl sl Eels
Ol (b p R Rl o e w53 0L
.JJ;L.SA
ﬁSlp'.@a.\.&«éulw)qJ;»ﬂ;mJ;l:
o3> 0L ¥ S 53 SUls, 0L, O, O e
S8y Ol RIBIL IS5k il o
ol RSP < 00) Hlssne sk 4 O
Lol 6l SUly, 0L > ©yls a8 (sosb &
I TR % i P P S T I - R LI I WA IS YN Y]
et Dy FE /D (/100 (/O
Lls bl e F S0 4 ar 5 T Cet
Ve 50 lasbed e 9 o) (S0 Al 0 Y
Gols e Dl 0L > D yd8 b 1 S5 Ao
L of s Goldas 805 (s 5135000 552
Sols (me sk an O o D pdd o A5
Voot 53 0L SHS Bl Ll e )58
R SRR PRV (SR SN
MY L ol oy e s s 0L D,
DI &S osb 4 el s e e D
93 554> 0L o SHdB o pn Y s )l

Syl s O Bl p o b (S 058 0l

2- Zhu et al.
3- Levyetal.

sl el glaast b mls o
L dzals Ols a7 Suils Sl gdean (F4) (630LT5 same
Gee 0L o S R0 s et )
PR S Sl e LS ol e b
S35 2T Y & pam o8 il (YY) LS
e S5 L8 e o e Ll r ST e
OL o Gae (M1 eidid> 53 0555 OLL Ol s
0L Lo g5 ok Ll © gy Ol5n 228 Lo,
23,8 o gy Chile a8 4 e e 5
S (F) (63LT5 sammn 5 (sl e )l piomas
Ol Gmes 5 Sy Sl G (st 8 aal
s ST IS
STl 4y ol 039 33) ey Ol LSU Y ISCE s
ol ST 0L (o8 0 A5 2 el ) e
b SRl L (ST b 4 (S e 5 Ll
als Hlas 5ol il 0L o5 JAS
Loy Yo e O slacd js 0L b S
5 JSul ATV 5 /R /P L Ll s S
G O s ) (P e N Hled )
Lol ess oS sl gl = ol
AT s ISl /FAY 5 o /YYS /Y
Ll o P8 e Yol 53 i
PY- LU ARSI SR PPV - P
s¥F g e Gos e VLl 5o s Loy PR

ﬁgs;t’.'w o als Olid Al sl u s ys VY

oL L STl g 5 55 05 Ol (FY) (65LTs e
PR NS IS RPN RPN P
3 b S s Rl B L ol e Ul
o5 ST 4 ST 515 b oo Jiul5d) Hls sme
- WG+ B N H AP TR NI P S RS- gy

1- Kinnell



154

VE o Olsls ¥ o5Llos FF il (5505187 (sale dlams) (215 (ki

Lozl 5 63U To gamms Lo i a5 i 5o
AL s S et wb plnil () (g3loen
g S oo My (153 sy SRS (ot

s ally 3,87 0l 01 Ky ol (b
Ay 0L o8 5 gy LRSS
ERIEyTy

sV lacd 5o Sl ey Ol 53 lomen
5 355 as ecaliie (61 stne LM sy Yo
B SR EE RT UV PE N SR SEN IR
Vood s g e daline (gl e O
¥ i glasles Gl Al Ob 2 S5 o)
Lol s e S oo (G Aes ) 50
4 4l 2 /08D 5 o/ AN /e PA o/ r rAY
O o Copds Ao ja Vol 5o Cpaiomad o] o
o0 =8 A=l V50 Y lasles s Al
KNG ol e F adald sl 4 o S
Pt Sl s il bl s FRIAY 5 TAVA
4,55 de glasles gl p sy OL 2 S, ds s
A3 YA/EY G AS/Y Y0V L ol s 5
D(V9) TS 5 e piomes b odalie 1531
O R [Pt P G P PR PGP ERN L1 Y
Ut 03 b O Gl b o b T

Sl L;{._J))A:ALSLAJ:.AUQW

3- Shih and Yang

aw b paoman L (o0 51530 15 90 50 0L
VooV Shaad Rl (b DA ol
-Gﬂﬁ\p‘ﬁ‘ﬁw:)bhﬁﬁ)gﬂ&)ﬂcw):

L

(F1) 'G5 gams 5 Sl o 4} a5
@ Olg oo |y O3 Oud e Sus 45T W g 0L
S35 0L (o3 et Lo Sl (b Ol e
SodS MBI L pmer 5 el Lo 5 0L
T Ol (235 ot RIS (AL ST Ok
mr ARIA ol e sk @ Rl B odd sl
(YA 01,0 5 3L Tosamn sy 3 bl
Cd b Ol o Do R8I L eSS Ol
Jo o by Sl e 4 D5 Gl
S (g 8L 158 (st 1o Do) g0 4 sy
oS Sl L O Jom 4 Sl o b
Al A Ol

5 S o sl Bl SU 0 s
S QLS 1 Al O ps b gme )
o0 Olms 53 558 cwodalin a5 H5b Olea s
GRIP A 0L o Sl s AL b
YooY glacd gl p S gosb 4l
S 4l Hlg s sty O Hds L s
53 5 a5l 2e / ¥R 5 S OAVECARS L
CLPML s S S e $os e Yok
o y5 0 Hlass 55 casl o e o /000X 5 /0 YT
3D A S S ) 5558
o0 S8 A Vsl 53 g4l me /0 OVD
e FYA 5 YEY /R0 L Ll 4
(0 JSK8) weT s a8

1- Sirjani and Mahmoodabadi
2- Mahmoodabadi et al.



\Z

ey Sl sy CBlE  E sy ey S6 0L 5 6 el

0.9 I
woq
0.8 4 —8— S10% —4—S20% —+—S30%
0.7 o
_—
iy =
]) &
¥ 2
43‘:' <
P "
5 &
J B
3 E bed
n
de
e
0.1 -
0 T
0 2 4 6 8 10 12

Clay Percentage
U 23

SR OB R o § Cigiy ) e gl B (1) S
Figure (3) Effects of various levels bentonite clay and slopes on shear stress

) T n o
el D) |
- R B

Ob > S8 ¢ b § gty o) s glaw wU (£) S
Figure (4) Effects of various levels bentonite clay and slopes on stream power



WY

VE o Olsls ¥ o5Llos FF il (5505187 (sale dlams) (215 (ki

0.07
B 510% @S20% @S30%
0.06 A a
[ 2emam: |
o8
-
r—!lm 0.05 - el
3 = otk c
b
)= ol -
5]
ﬁ‘ = 0.04 A Bt
= =]
-
IS d
5= £ o0
4 5 0.03 (555
o © e el
@ oo € M
=
o' 0.02 - € ELAN. LR
- e o8
f oo Balicck,
0.01 A o el
el o8
oo Balicck,
0 b T T T
] 2 5

Clay Percentage

oD Ju..d))

919 Ol D38 2w § Cadgily ) Al zglaw 56 (0) S
Figure (5) Effects of various levels bentonite clay and slopes on unit stream power

oo SWoled 5L omen 15 L 158 (6515 gme
4S sls O 0L o (S sin gls el S g
54l 0k o Do Ok 2 B O (B A
S ) Saikies pabie dlesl 153 0L 2 Gas
cpledias Olis fags opl slaasl sl Olis zals
5 PUls Sy e 53 Sy ) 510155 0 45 ol
P2 e @) Sleeal sl 5 Ale b SalS
slatasi ool o by olg Gilper Lo
(oL Calibes slasdd 5,87 L5 abai 51 o3 28
Cadies GlacS L 5 s 5 )lS s L

sl

R

Sl L &S oS 0ol O e 4 S s ey

Jslse Jolie jo 1y eSLs S g ise o S
oS s 53 e Olge 4 5 AST o bk 0SS
= S S b B 5 Lo S ol
Al IS s B 1y il b Sl e 5 L
S S o Sl ol sLa s s 4 s
IS 50 il ST ol 5 S o2y
0L rasi rl GLasl il e S Gl 3
JB 2l ol (od Sl S e 03551 51
PRl Lol 53 33 8 (o gy Sl 3 4 g
335 o o) GBS > ot 4 ST L
sxb o o Ble b AIBIL S s



VY

ey Sl sy CBlE  E sy ey S6 0L 5 6 el

References

1. Abudi, I., Carmi, G., and Berliner, P. 2012. Rainfall simulator for field runoff studies. Journal of
Hydrology. 454: 76-81.

2. Ayoubi, S., Feizi, Z., Mosaddeghi, M.R., and Besaltpour, A.A. 2018. Investigating the application of
biochar, bentonite clay and polyvinyl acetate polymer on some mechanical properties of sand deposits.
Scientific Journal Management System. 41(2): 83-97.

3. Behzadfar, M., Sadeghi, S.H., Khanjani, M.J., and Hazbavi, Z. 2017. Effects of rates and time of
zeolite application on controlling runoff generation and soil loss from a soil subjected to a freeze-thaw
cycle. International Soil and Water Conservation Research. 5(2): 95-101.

4. Boroghani, M., Mirnia, S.K., Vahhabi, J., and Ahmadi, S.J. 2014. Investigation of nanozeolite effects
on soil erosion decreasing using FEL3 rainfall simulator. Journal of Watershed Management Research.
5 (9): 95-106. (in Persian with English abstract)

5. Cao, L., Zhang, K., Dai, H., and Liang, Y. 2015. Modeling interrill erosion on unpaved roads in the
loess plateau of China. Land Degradation & Development. 26(8): 825-832.

6. Catt, J. 2001. The agricultural importance of loess. Earth-Science Reviews. 54(1-3): 213-229.

7. Defersha, M.B. and Melesse, A.M. 2012. Effect of rainfall intensity, slope and antecedent moisture
content on sediment concentration and sediment enrichment ratio. Catena. 90: 47-52.

8. Dunne, T., Malmon, D.V., and Mudd, S.M. 2010. A rain splash transport equation assimilating field
and laboratory measurements. Journal of Geophysical Research: Earth Surface.115(1): 18-28.

9. Foroumadi, M. and Vaezi, A.R. 2018. Flow Characteristics and Rill Erodibility in Relation to the
Rainfall Intensity in a Marl Soil. Iran-Watershed Management Science & Engineering. 12: 11-22. (in
Persian with English abstract).

10. Fu, S., Liu, B, Liu, H., and Xu, L. 2011. The effect of slope on interrill erosion at short slopes. Catena.
84(1-2): 29-34.

11. Gailani, J., Jin, L., McNeil, J., and Lick, W., 2001. Effects of Bentonite Clay on Sediment Erosion
Rates. Army Engineer Waterways Experiment Station Vicksburg MS Engineer Research.

12. Gee, G.W. and Or, D. 2002. 2.4 Particle-size analysis. Methods of soil analysis. Part. 4(598): 255-293.

13. Giménez, R. and Govers, G. 2002. Flow detachment by concentrated flow on smooth and irregular
beds. Soil Science Society of America Journal. 66(5): 1475-1483.

14. Grismer, M. 2012. Standards vary in studies using rainfall simulators to evaluate erosion. California
Agriculture. 66(3): 102-107.

15. Hubert, C., 2004. The Hydraulics of Open Channel Flow: An Introduction. Elsevier Butterworth-
Heinemann.

16. Hui-Ming, S. and Yang, C.T. 2009. Estimating overland flow erosion capacity using unit stream
power. International Journal of Sediment Research. 24(1): 46-62.

17. Iserloh, T., Fister, W., Seeger, M., Willger, H., and Ries, J. 2012. A small portable rainfall simulator
for reproducible experiments on soil erosion. Soil and Tillage Research. 124: 131-137.



\\AN

VE o Olsls ¥ o5Llos FF il (5505187 (sale dlams) (215 (ki

18. Iserloh, T., Ries, J., Arndez, J., Boix-Fayos, C., Butzen, V., Cerda, A., Echeverria, M., Fernandez-
Gaélvez, J., Fister, W., and GeiRler, C. 2013. European small portable rainfall simulators: A comparison
of rainfall characteristics. Catena. 110: 100-112.

19. Kamei, T., Ahmed, A., and Shibi, T. 2012. Effect of freeze—thaw cycles on durability and strength of
very soft clay soil stabilised with recycled Bassanite. Cold Regions Science and Technology. 82; 124-
129.

20. Kheirabadi, H., Mahmoodabadi, M., Jalali, V., and Naghavi, H. 2018. Sediment flux, wind erosion and
net erosion influenced by soil bed length, wind velocity and aggregate size distribution. Geoderma.
323: 22-30.

21. Kheirfam, H., Sadeghi, S.H., Homaee, M., and Darki, B.Z. 2017. Quality improvement of an erosion-
prone soil through microbial enrichment. Soil and Tillage Research. 165: 230-238.

22. Kinnell, P. 2010. Comment on" A new splash and sheet erosion equation for rangelands”. Soil Science
Society of America Journal. 74(1): 340.

23. Knapen, A., Poesen, J., Govers, G., Gyssels, G., and Nachtergaele, J. 2007. Resistance of soils to
concentrated flow erosion: A review. Earth-Science Reviews. 80(1-2): 75-1009.

24. Kumar, A. and Saha, A. 2011. Effect of polyacrylamide and gypsum on surface runoff, sediment yield
and nutrient losses from steep slopes. Agricultural Water Management. 98(6): 999-1004.

25. Lassu, T., Seeger, M., Peters, P., and Keesstra, S.D. 2015. The Wageningen rainfall simulator: Set-up
and calibration of an indoor nozzle-type rainfall simulator for soil erosion studies. Land Degradation &
Development. 26(6): 604-612.

26. Leh, M., Bajwa, S., and Chaubey, I. 2013. Impact of land use change on erosion risk: an integrated
remote sensing, geographic information system and modeling methodology. Land Degradation &
Development. 24(5): 409-421.

27. Levy, G., Levin, J., and Shainberg, 1. 1995. Polymer effects on runoff and soil erosion from sodic soils.
Irrigation Science. 16(1): 9-14.

28. Mahmoodabadi, M., Ghadiri, H., Rose, C., Yu, B., Rafahi, H., and Rouhipour, H. 2014. Evaluation of
GUEST and WEPP with a new approach for the determination of sediment transport capacity. Journal
of Hydrology. 513: 413-421.

29. Mandal, D. and Sharda, V. 2013. Appraisal of soil erosion risk in the Eastern Himalayan region of
India for soil conservation planning. Land Degradation & Development. 24(5): 430-437.

30. Meyer, L., 2017. Rainfall simulators for soil erosion research, in Soil erosion research methods,
Routledge. 83-104.

31. Mi, J., Gregorich, E.G., Xu, S., McLaughlin, N.B., Ma, B., and Liu, J. 2017. Effect of bentonite
amendment on soil hydraulic parameters and millet crop performance in a semi-arid region. Field Crops
Research. 212: 107-114.

32. Morgan, R.P.C. 2009. Soil erosion and conservation. John Wiley & Sons.

33. Nearing, M., Norton, L., Bulgakov, D., Larionov, G., West, L., and Dontsova, K.M. 1997. Hydraulics
and erosion in eroding rills. Water Resources Research. 33(4): 865-876.

34. Page, A. 1965. Methods of soil analysis. Part 2. Chemical and microbiological properties. American
Society of Agronomy, Soil Science Society of America. pp. 181-223.

35. Refahi, H.G. 2006. Water erosion and conservation. University of Tehran, Iran, 671p. (In Persian).



V¥

ey Sl sy CBlE  E sy ey S6 0L 5 6 el

36. Sadeghi, S. and Hazbavi, Z. 2016. Watershed health assessment based on soil loss using reliability,
resilience and vulnerability framework. in Proceedings of 19th PSSST Annual Meeting and Scientific
Conference, Legaspi City, Albay.

37. Sadeghi, S.H., Hazbavi, Z., and Harchegani, M.K. 2016. Controllability of runoff and soil loss from
small plots treated by vinasse-produced biochar. Science of the Total Environment. 541:; 483-490.

38. Sadeghi, S.H., Hazbavi, Z., Younesi, H., and Bahramifar, N. 2016. Trade-off between runoff and
sediments from treated erosion plots and polyacrylamide and acrylamide residues. Catena. 142: 213-
220.

39. Sajjadi, S.A. and Mahmoodabadi, M. 2015. Sediment concentration and hydraulic characteristics of
rain-induced overland flows in arid land soils. Journal of Soils and Sediments. 15(3): 710-721.

40. Sepaskhah, A. and Bazrafshan-Jahromi, A. 2006. Controlling runoff and erosion in sloping land with
polyacrylamide under a rainfall simulator. Biosystems Engineering. 93(4): 469-474.

41. Sirjani, E. and Mahmoodabadi, M. 2012. Study on flow erosivity indicators for predicting soil
detachment rate at low slopes. International Journal of Agricultural Science, Research and Technology.
2(2): 55-61.

42. Sirjani, E. and Mahmoodabadi, M. 2014. Effects of sheet flow rate and slope gradient on sediment
load. Arabian Journal of Geosciences. 7(1): 203-210.

43. Walkley, A. and Black, I.A. 1934. An examination of the Degtjareff method for determining soil
organic matter, and a proposed modification of the chromic acid titration method. Soil Science. 37(1):
29-38.

44, Wang, H.Q., Zhao, Q., Zeng, D.H., Hu, Y.L, and Yu, ZY. 2015. Remediation of a
magnesium-contaminated soil by chemical amendments and leaching. Land Degradation &
Development. 26(6): 613-619.

45. Zhang, K., Zhang, W., Tan, L., An, Z,, and Zhang, H. 2015. Effects of gravel mulch on aeolian
transport: a field wind tunnel simulation .Journal of Arid Land. 7(3): 296-303.

46. Zhu, X., Risse, L., McCutcheon, S., Tollner, E., Rasmussen, T., and West, L. 2010. Laboratory
investigation of rill erosion on compost blankets under concentrated flow conditions. Transactions of
the ASABE. 53(4): 1077-1086.



