Journal of Water and Soil
Voal. 31, No. 5, Nove.-Dec. 2017, p. 1432-1446

(5231 @alio 5 pale) S g ol &y it
VPEY-IPFS . o AFAS (60— 557 B oyla ) al

Fgd ey poul go) s LS B S 5 S5 Jelgs e

Tois) s = e e = ek D5 8
WS/ Y/00 13l 55 fu

LXVCCS

o1 aly (U] Sl 085 3,90 ] (659lS 3 31 o0L5 sla i o Al e sidsd oyt At 550 0js> adlllas 390 allais
ol 28T s L) polaie e 4 bl o (S5l be 5 ST ol p Jobo (9t 3 S5e Jalse (Lol o ol S Gaa
55l e3> Caled 3 5 4 Sl gy (Sl ol B Shlud (5t i o8 50l e Sy orldl il o Sl s 9 45 il ST
oLl WSl 542 V0 ol 059y 5l g 0d Ol Std dess —p S couldl il I i b g5l ojgn 5 bl iS5 elll aib ] plan
9 Sepd e Shg el la Shg b asSl Jsb (59 o abaly Coles )3 05 (5 0jl g oy ST oyl > Gilisea (sl el
2 il (sl )8 Coluas g (S05,b daaiSil Sl (Vb Colue o o5 Y s S w030y Siw ( BLS gy do)> (S Sloand
o3litol Ly SPSS l58le 5 3 o pitodin y9m0,5 1 ool b ST (g9 (5o Jb0 2,8 JL3 syt 3y90 (MPVYATRY) s Yo 00 S, b
o3los STy bgyo ¢y 09 3 SISl (s 055 (e plam sl 03> )3 &S cad ] ) S @l 05 plosl 5 4 B8 g, ]
WSl Jgo 2 e ey 5] 05> )3 el ALl o YIA (lise )y (sl 035 oliee 23S B2 AUl g sl o VAR (00 4, ALT
s ol il Jlo Yo ol (b j3 1y y0 VeV olise 40 Jobo 45 ()lise o508 B4 3Gl g yi0 VeA/Y (e 4 B3 ojleuds il a0 bogape
asleo 2583 )1, B aded dw 5D Ciyd jusol 0je> sl § adgd 93 1 plan 5ol ojen (claasSl a8 3l L bS] cauadgs j Jols
203 (X4) agl dlas (Y Colus e ds & Jsbo (5525 iz & 30 oL S 4S5 )3 plan SaiSiT Jobo (5555 sl ol
i (X23) il e g (X18) b 1o )> yuiio 93 b oo byt olee <93 s )3 ol (X2) gl abail o ¢ (X6) i S
3o 93 adsd )3 Cusl (XB) iy 6V Coluo @l Cdpiy line o Amd 0 (U5 Sy adsS )3 iy SlasiSil bty (gl 2leS Woleo
el (X22) s 5 (XA) gl o YU ool it 99 @b by

SIS il ST (o0 aBgd i yd g plin 150l ojgs (slades LT 2 gulS glanjly

slaiso iSOl il oS ik e (65,9liS dxius (o5
9 e sladedg I (S S (0 55 ) 3l el ook
32385 3,90 o 55,5U8 2l 31 ook slois o plisl B pme
Fbgh e dpd 35ul 0 Cusl oA ally uST b b
O3) o Jl el ads ol 53 Sl Sl b gy ey 3L
S5 3| hygliS LS (3,5 S y5 A 3 9 (559liS (oS
Jeg oy d ©plae 9 88 Coled 53 oS 0l ddlate (el
Ol B 5l JSS o agpetio MGl g el o] ele] Cles
e 3 o3l 53,5 Sgame o S g g3 &S Canl S
5 hsbiS (ol dmosle (sl (s Sl e 5 anslis I
SU 1) 0T (70) 50l S pole yans] () 13b b lezs L
lesliwl Ly as 03,8 oy yu ely5 (8l 55 yio /Y B /D Besl
SOl Sl s ol Wt Bl B (5 5liS” Jgeme Sl

Aol

b LSa oo £/F 250> ol b fliwjss bl

5 SB cble Slids (i Singh (sl uaike 5 psle 6555 <)
Olojls climjod (ab wlio g (55,9l bigel g lisios 3550 «(slag0l
Ol lsal g5 )sliS g g Shisel «liios

Ujgel g Olidng 38 50 (g b psul g S cblis Gladss s Ll Y
(53,95 oS 9 Ghigel (L (lojlus ¢ )b reb qilio g (555liS
Ol ls
(Email: majidsoufi2@gmail.com 2] e 0dian 53 —¥)

Ujgel g Oladng 3 se (g o psul g S cblis Gladss s bkl ¥
(53,95 oS 9 Uhigel (i lojlu (s b bl g (55ysltS
Al jlsn)

DOI: 10.22067/jsw.v31i5.63329



VEVY gl Goyie il G039 ST i s » 5o Jolge (ot

390 1) Sl (ol 2yeS 53 EBly (65)gliS (2] 53 0 2]
Ol b Woysd S5 )5 Slssd oy b gl sy 518 b5
oloj Jsb 93 ST woes 5 otV Colus Jsb o 1255 o
dasie (Sl hngh b oo JolSS (woSae Sl dally S )9
ST s Ay ST oy e Ll b oS el o) 5 S
(ol ime Wil o> JSut5 @b g iy bl e 28l
Colb Sl 59y (s srmolio Yl s e g Sl o
45 a5 pasedie e b 0y ddlaie 3 (daghy (b (1Y)
U9y Ao g ol alonl Ao Vel S slacad o Sl
9 il 505 g 50 (V) Conl BT dnrgs )3 ot Jole
o 55l 035 53 1) WSl dnsi 5 055 1 e Julss (V) saoome
b olea sla uSe dunlio b lisl sl )3 adlles 3)50 3,
Colue Jolge a5 Sauw) don pl 4 VWAY BVYYA Slojo)g0
G 4 o) Ol 9 S Jsle laSal dio ) Sl cunaYly
lasly sl OiyiaS liee b1y (g)ld Gixe oy 5 s
Ay > Jom 3l 03 )3 (W) o Kam 5 Sl gl
1 0oliiol Ly Ll ol )1, 5 adlls 90 |y S0l s Lol
035y =B e iman 5 (AELLIT 5 glio (b))
St e 15l5 5y g 00,8 olulis |y Jled aYL AY sl
s s Al 5 338 oSy Lo b 05,5 4 | o
Olsgas « Sl Laie L bLg)l o S oy lis ols .65 ,8
s 5ot o) e85 (S il , SAR EC) S5
il aoyd YA-Y+) YU slacudd i3 Lide (gly caiiun
)90 3 g Hidl oo e SB e 53 dule Y 2929 5 ol
alaly 0 3oyl oipe 3l 3 i 45 oxdaw by, sl
548 3,05 dg2g wiST sVl Gl g s (598 9 ) gine
Dol b dasogs daime blie (il ¢l olgie 4ty o)
il L (1) o, Lsan g ol gy a5 5, oolitol (il
55 e e 353 e s 2 ] det o (sl
oo Jole 93 SLS 13 59390 2l 5 ST Cawnd VYl s o
5 st bl e S Jo b dnog e 5 Gloj Slpis
oty Sl Jtals b dsiuns (3blio (s Ban L () e
23338 dlome |y @Sl (talis b )3 S5 (S5 el )
Layiell 5l (Golite slacia (plul 2 (Sgew)S) slase 4ol
oy wlwl y Sgnw,Sy dlae a8 3y L ol g vy
oy L gy JUESl cd)b g cud 4 colue Cons il
o V) Sl el atisly 1y G i o i o yd A s
2 OB 0 S oSl (g9 485 g0 (slogw)
Slagigy & Sas GorSil & Cosl odpsy dox pl 4 ¢l
O Bgb oo S bl cad 13 b g bnoyd Ui s il
bawgia 55 19V 1) SeasS (laaiSl ol yp bawgie 55

el o SaoMS L ol

4l odos 09,5 93 4 AU 5508 g St S50 Jolge
S ) Gl B 51 (23U (sl ygSTe —ll 255,50 o0
ol dbyio (sl «(5)5L8 (sl a5l G odlital ¢ o3|
Seit sbaygslh o g (ola calu g (e gl il (sjgw
CewaVl sl o Colus Jold IS gs5 o 5 O Laily)
s ST sVl i Sl sVl 550l 0595 IS5 i
5 &l Jold (cuslidiyeos g S Jslse Lipleg 5 Sl a8
i Il lacsws 5 el 3929 wijlo 5 SB- (6 h3e8
o ) (V) 2dloe (LS by 9 S bl Cluogas
3 =26 1y Sl Gl (10) pilSan 5 (LS 590 45 el
Lagl et & e Jalse ) (slasgazeo (o (390 ,Skes
Sl il b 4 SB Gl o xaw Cllg) o pus g o>
il amy aw o ccwl o)l eslawl 690 g aLS i
Ol dden Sl S (il )b dilise glgil 0,10 (ala hngy
a5 2 2 Ll 51 sloyly &8 a0 plol (S

ok 8y p e Jelse (g b (YY) e g 3 o)
SRl P ooy ol g ) ol GBS e 9 S
s ol S ST Jgbo S (b ST Jgbo 508 il
0 ST e Sy 0391 abels (sl lie 5 0 20>
sl 0je> (S S copd g Soal o)y S alaiie s
b e 1T candYL

s ool sy Sl Lol 293 addllas j3 (V) Ll
O )line 5 ogSne alal, 5 S o ol (B )
ol > g9 2313 2525 ol el e 85 g e b ST ke
5 &y sla e ) 4l dlge g SK 58 Cunlus ) ala,
OBaS  e Jeloe pyp b (V) bt Slo e by
9 s 45 08 o ol b (Site il 5> ST b
Ol 9 olayr 355a 5 lol Jelge ST candVl colus
DS ol g 1) eLisy) B g aiels Jsbo g 039 S
Colin wUS] ceindVYb Colue Lol b bl o dihaie y> 180
S Fotar ST o 45) (4 5 Sl a0y (SB (S8l
OB Sy Jalse (W) jiisle 9 ple (Y7 91 AV VF)
3> 5118 adllas 5)50 (5,5liS adg Sy 3 1y S ol 3
L (2l )8 9 S (SS9 il Jelse (e 5l e
Sl JiS s Joalge 35l 15 5 (5 slo gl 3 eslisl
P e Olota cud S5 g 42 Jalo 93 (bl (pl g
S il 485 VAD € b A5lgi e 45 505 ] Lelos
i e glacad 3 18 (iSO Jlasl S e
(W) e 5ot ol Gl 3505

oSS LS5 s 355 adllas ;5 (V) ofylSan 5 S 280



WAS g5 — 53T o)lods ) il (S 5 T gyt VFYYF

$9) 2 G Ojgpd (55,9liS Gl led dnngs Can 4 LS
W3 oo b |y ol jed bl L;‘.m.\;SJ

W yig; g dlge
QZA33;:AJ34M

sbagisy o e el Bpue g wre srade (S
005 adly (cuSUl [l 1005 3,90 ol (59l 3L 5l ool
alllas 3,90 sl sloojs Bl (e b 5l 0
48 2Bl oyde ded sadgs Sl plas 5 b slapl 4
G 33 iy el 0je > sl Glie 098 sl 03 552
aly y 55 @iy, 5yb gtz 5 phia 55wl 0 g 55 g,
9 Ol 938 )3 Jimgt 3y90 (Blolie Cumdge (V) JSK5 - ilond
NUL I OL.'&.S I ULM)-G(“)

il Lot g5 5 +[OY b o /YY) | sy ST gl
] b.))g .5)5]—).2 Jl») 2 )-'AA \/ﬂ/\ iy ’/\A l) th).) 4.&5).) d.\&{‘i
5 01 S 45 358 lon Eaen (53,5 55 3
3 Foe Jslge 03g a4 (SOl ol b 0,byd o plool clids
45 CB)S Aol plgie cunl alosd g5 nl S 5 Sl
Ol 05 g 0loul )3 5o Jslge (L) 290 L iz o
).33;\_7 L)‘)‘“" 9 Slass a® g g Lol «Cawl o ua.’xa.:m d.\.«.{j
b (D5 Golate g , 500 dladi ay (glaleds 5| o liseo Jolge
bl 5] Cins ) LasiSol b 5 6,8 JS5 50 gl 8 Lo
ol Coga (i Olidios o wles o Cbml (Jaxe (e
e 5 s3] (ol olas; o 5o Jalse 2t az yo
g calisco L& )3 oy cpl (b yiS 5 65 US55 ) ol S Lo
)l ot 11l o Ll dlsjo 4y oglito aomo (o0 baalyid L
il oSS Lage ey s Goin b Jae o5,
Ol ol g s a5 Gialw )8 jlad anaiy 9 oSl

ASH0TE SPRTE 0. TETe'E

ST

SN

33zl

CiRgF 3y90 juul (glaojon CunBige —) S
Figure 1- Location of studied water sheds

Sl g )y AT () il gl ol g Ol
oSl cise 5 (605 Al o 4 (V5 V) slo S s
Amd o Ui |y iy g plas jusol 09> 0l (¢ pSo 5l

ol B sl 48 fsul eja s S orldl a2 5l e

i jl plin jsol ojon ol 3 &8 0,8 Sl vy S
ol il ) iy 5 sl 0jen g Gbly Sis —pS el
2SSl e V0 ol ojg sy 3l g s Glsl Suidaei—p S



VYO i (o yso juil (50392 SASST Gl yiunS 1 550 Jolge (ot

[Ty

TN

A

o— -

e

312000

16000

0000

Azdn00

2800

A3z000

RELCL

i (6 50511 LUSYT Cardge g plud judul 059 (1,1 (6,5 Anids —Y UK

Figure 2- Land use map of Haddam water shed and location of measured gullies
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Figure 3- Land use map of Sharif watershed and location of measured gullies
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Table 1- Amount of gullies longitodina progression (1993-2012)
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Figure 4- Image of gulliesin Haddam and Sharif water sheds
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Table 2- Gullies clustering in Haddam and Sharif water sheds
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Table 3- Gullies progression relationship with other gully propertiesin Haddam Water shed
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0.04 0.98 Sand (H) 0.99 0.00 Sand (H)
0.16 073 Mg (H) 0.81 -0.08 Mg (H)
0.28 -0.60 Ca(H) 0.81 -0.08 ca(H)
0.36 053 Na (H) 0.65 017 Na (H)
0.69 0.25 Ph (H) 0.93 -0.03 Ph (H)
0.30 -0.59 EC (H) 0.65 0.16 EC (H)

ST g 3 (G) 5 25541 e o(H)
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Table 4- Gullies progression relationship with other gully propertiesin Sharif water shed

Y adgs ) A
Cluster 2 Cluster 1
SMPGre  Ggmm o Sl o e
Significant ~ Pearson Variable Significant Pearson Variable
Level Corelation Level Corelation
1 Jsb eyt 1 Job ¢yt
Length progress Length progress
0.60 0.27 (105) i sV et 0.05 074 (203) bty 5Vt
Slope of headcut upstream% Slope of headcut upstream%
0.64 -0.24 (309) &) s e 0.34 043 (3059) &) s e
Slope of initiate point% Slope of initiate point%
017 0.64 (enresie) (Sl SVl oo 0.02 083 (@ rie) iy YL colune
Upstream area of headcut (m?) Upstream area of headcut (m?)
070 020 (e )l 4o L ol 009 069 (e i) oo 5L ol
Upstream area of initiate point(m?) Upstream area of initiate point(m?)
0.16 -0.64 ol g 0.89 0.07 oS g
Vegetation Cover Vegetation Cover
0.10 0.72 csd S Bare Soil 0.89 0.06 cosd S Bare Soil
0.09 -0.74 S, Litter 0.89 0.06 S, Litter
0 0 3y S Gravel 0 0 3y S Gravel
0.42 0.41 Clay (G) _w, 0.67 0.20 Clay (G) _»;
0.15 0.66 Silt (G) cdew 0.83 0.10 Silt (G) cdw
0.39 0.44 Sand (G) ;s 0.69 -0.18 Sand (G) ;s
0.95 0.04 Mg (G) s juo 0.49 -0.32 Mg (G) s juo
0.97 0.02 Ca(G) puudls 0.63 0.22 Ca(G) puuls
0.66 0.23 Na (G) pw 0.78 0.13 Na (G) pw
0.61 0.27 pH (G) 4wl 0.46 0.33 pH (G) 4u sl
0.78 0.15 EC (G) S8l colua 0.74 -0.15 EC (G) S sl colaa
0.16 0.65 Clay (H) 0.57 -0.26 Clay (H)
0.08 0.76 Silt (H) 0.77 0.13 Silt (H)
0.05 -0.81 Sand (H) 0.89 0.06 Sand (H)
0.42 0.41 Mg (H) 0.21 -0.54 Mg (H)
0.17 0.64 Ca(H) 0.68 -0.19 Ca(H)
0.01 0.92 Na (H) 0.60 0.24 Na (H)
0.12 0.70 Ph (H) 0.46 0.33 Ph (H)
0.02 0.89 EC (H) 0.45 0.34 EC (H)

ST Jgo 9 (G) 5 484 i o(H)
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Table 5- Theresults of chemical analysis of the soil in gullies of Haddam and Sharif water sheds

b Sk 30 ol L el SR Sl ol 050>
Sand%  Silt% Clay% Mg(meql?) Ca(meq Y Na(r{)‘eq pH EC(dSm? Parameter Watershed
L Sile
535 305 16 314 50.8 1653 74 258 ol
Average
86 46 34 255 218 1950 82 174 et
Maximum o
i plia 5ol 0je
26 6 6 16 2 36 6.9 11 o Haddam Watershed
Minimum
6.8 10 147 452 484 293.8 03 36.7 Semo S5l
Standard Deviation
<
439 391 17 36.6 36.7 61.1 74 128 ol
Average
67 50 30 320 317 435 85 84 Lk
Maximum gy 3] oj>
aleS .
28 13 8 14 16 36 6.8 12 = Sharif Watershed
Minimum
48 66 84 432 532 99.1 04 169 e S

Standard Deviation
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Table 6- Final equation of gully progression (stepwise regression) in Haddam Water shed

3,1 5bw! o

I3 sixe gedans 5 e s 5 R N
ot 240 Dol Gaed 228 o dard Coelficients - ~
Significant Level Adjusted R? 8 B B Equation Gully
Y| Y \
1% 0.60 . 043 071  Y=-363X5-13X20+5L7 Lsl J5
Total Gullies
1% 0.90 032 054 058 Y=002X4+25X6-13X2-2429 ~ —¢#
Cluster 1
1% 0.99 - 023 096  Y=27X18+44X23-205 » 4dg
Cluster 2

X2=4Jg) s s, XA=ag) a5 (oYL colus, XB= LalS g, X6=cad Sk, X18= Silt, X20= Mg, X23= pH
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Table 7- Final equation of gully progression (stepwise regression) in Sharif Water shed

I3 st gehaws 5 V0! yud s >l ol 2 Wslae XSl
S oM LRI 2% gandard Coefficients - :
Significant level Adjusted R? 8 B Equation Gully
Y \
< Syl Js
- - Cowl ot - FUNPSRR s
032%) 9 S Total Gullies
1% 0.63 - 0.83 Y =02X3+ 23 S adgs
Cluster 1
1% 0.96 0.36 0.98 Y =0.08 X22 + 0.002 X4 + 22 9 4bg>
Cluster 2
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Introduction: Khuzestan province with 4.6 million hectares area has suitable agricultural lands that gully
erosion destroyed some parts of them. One of the magjor basins in which much of its agricultural land threatened
by gully erosion is located in Modarres watershed of Shushtar. Gully erosion progression in this basin causing
the loss of farmland and thus the farmers are leaving farming and consequently would lead to poverty and
migration to urban areas and social consequences. Therefore, presenting a model to determine the factors that
impact on gully erosion and erosion hazard zonation for conserving and stability of the land need to research
and investigate on gullies of Khuzestan province.

Materials and Methods: Study areais located in Shahid Modares basin that large parts of these farm lands
destroyed by gully erosion. The aim of this project is to identify the main factors affecting on linear gully
development and modeling them. For this purpose, distribution maps of climate and the gully was determined.
Then a Watershed from each climate class with the highest losses was selected. At last Haddam watershed with
warm-arid climate and Sharif watershed with warm-semi arid climate were selected. And 15 gullies were
selected from each watershed then some parameters studied and measured in these gullies. Finally relationship
between the length and volume development of gully with watershed characteristics, Physio-chemical soil
properties, the percentage of vegetation cover, pebbles, bare soil, litter, slope and upstream area of head cuts,
rainfall and different land use area a 20-year period (1993-2012) were analyzed. Modeling of the gully
development was done using multivariate regression.

Results and Discussion: The results showed that in Haddam watershed the gully number A17 had most
elongation (78.8 meters) while the gully number B2 had lowest elongation (3.8 meters). In Sharif watershed the
gully number B3 had the most elongation (108.1 meters) while the gully number B4 had the lowest elongation
(1993-2012). Gully clustering results showed that gullies of Haddam’s watershed were in two clusters and
gullies of Sharif’s watershed in the three clusters. The fina equation for the development of Haddams gulliesin
the cluster one shows the amount of development in these gullies depends on three variables including upstream
area of initial point (X4), the percentage of bare soil (X6) and slope of initial point (X2). At cluster two the
amount of progress in these gullies depends on silt percent (X18) and PH(X23). The final equation for the
development of Sharif’s gullies in the cluster one shows the amount of progress in these gullies depends on
upstream area of head cut(X3). At cluster two the amount of development depends on two variables upstream
area of initial point (X4) and Sodium content (X22). In Haddam’s watershed more than 80 percent of land use is
covered by rain fed and irrigated land. Unlike Sharif’s watershed that more than 80 percent of pasture land form.
In addition, measurement of upstream watershed area reflects very poor range condition. In this region, due to
the dlight slope in gully head cut the surface runoff has not velocity but also due to lack of canopy cover in
gullies’ watershed and low soil permeability because of silt frequency and high salinity in the soil profile
increases the risk of gully development. In this research, slope of head cut upstream and slope of initiates point is
less than 5 percent at total gullies that are correlated with development of gully elongation. However, due to
poverty and lack of vegetation cover conditions provided for gully linear growth.

Conclusions: Gully erosion is a form of progressive erosion that allocated the largest portion of soil
degradation in different climates to itself. Gullies behavior against its spreading and growth is affected by
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different environmental factors. In this research, available data analysis in Haddam’s watershed showed that the
most important factors on the gully development were watershed characteristics on gully headcut (area and
dope), the fine geological formation (silt), acidity and high soil salinity. These factors along with poor
vegetation cover and agricultural land had created an excellent platform for gully elongation so that over a 20
year period have at least 3.8meter per year and a maximum elongation 78.8 m. In Sharif ‘s watershed showed
that the most important factors on gully development were upstream area of head cut, upstream area of initiate
pointed amount of sodium which caused to 10.1 and 108.1 meters minimum and maximum linear development
respectively.
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