Aq \'i BA*M}‘ ‘\Y’/\‘\ )Lé'.' c\ AJM e-“ﬂ 092 g&‘ﬂ‘ﬁ@b@cd)‘éﬂi}é,ﬂ 4.1}:«5

B ol 3T ol $ 9 OTOlg) p Tl S T 39 Wl

Toalilng oS 5" lowbs 57 039057 (e T b gl dbllias
Ol el nb e 5 65551887 p sle o815 ¢ onh il oSzl skt
Ol ol b b 5 (5555158 p5ke oKl ¢ an el o SCsils (g 15 T il i IS a5 o Sl
Ol el b e 5 55518 p sle o815 o il 0udSCsils Hlzils”
Ol sl b e 5 (535518 ke o5 ah bie oSzl skl
(AQ/Y/YO iy i o )6 AN /Y 13l 55 e 50)

ouisa
e 3 Sl S 5 S 563 S g L S s O mle gl b 4 oS e3y Gl Sl SO S L
a1l St gl S St e s STolss dul sy e BB 5 e sla e S S e sled 4
Oliws ;g o0 5d>s 53 8‘)3@&-‘”}5@ ol 53 s Sb il b s S0l s S e sla e 5 led e Sl
Sledles oS 516,800 b o geme OLL sl tr sl Wl o 31 alas b 10 s aelsl 3 i s ol (ol
(Sl ke S sl 0L s A il (6 el Y e Gar Sl (Sloilen sl abai 51 55 L 5l pas Olesan A3 0L
53 e Ll SN0, M5 3 1 0 cp miey G 5 08 D3 s 5 8l o pass 05 (T esle (S iy Sk
ity S Lol s 1 i o min il s Sb i o sh T esle Ao sla it i e SbE il s dl
5 ol0lsy Ol Ol o oy 5 St i Cosb, o esle Aoy aze Y5l (680 0 b aS sl OLES ot o ite L Juke =

B3 3sl g VN 5PN S o Lo el Sl b

SLeobl (S il b Sloly,) rsaals slaolg

E-mail: a.kavian@sanru.ac.ir OY-FYYYAAY : .S CAVNPYYAYYS il 1 St o 5



S )l ps S rsle b s Ol Ol p S s Sy 8

Qs

Sheridan et ) scius axlge Cosgase b ankad S8
g S Bl o L ssleasles Ll (al, 2008
5 2lolsy leanlp 03,5 o8 5 amlie ln ke
Ol by cnl 51U pob 4l jledy S ole
Sed ehaled laae (i )liel g gaiaz o ol
5! 9 Loch, 2000., Seeger, 2007) L 4l »
llie gldan jshate 4 ol gluasles mls
Jlas 4 a>45 L (Foster et al, 2000) o,5 s .50 0
oL sy p Jodo a4 lajlunl)l 5 (6,0 o ol asas
Sdsi 5 Glle s Gt gleaca o Giegh @l el
Seeger, 2007) cul !, k> zbhw 0 G,
S u,..,l.w)s 9 L;"b)l" )‘ 0wl Cawdy @Lb.w “—’Tu‘j)
oo o Jelse cnl 51 Sy o aS edgy ilie else als
Begueria et al, ) oS o camai b g Cosis 1) 5,500
sz 0 owyp B 5 pre slayiie 51 (S5 2006
wilbe Sl Shy S Gl 5 Sl
2SI e sla s b bLil o il claingh
Commandeur .cool suis pll jiolo,d g ooy,
Slaled g 358 Gliee Gpdism sy 4 (1992)
B n slenhl 5l 6oy b S Lol o S
G039 IRl U 4 39k Gl a5 ol LA s
ol e a5 win,S o lal aSS pl @ e
Casermeiro et al (2004) 515 ,I,§ S oo
5 P Ghbe U jshie 4 a5 ey So
@l o gySose Sloghl 5l 5 Giale B aculxe ol
S0 el S okl e e i S ole lis
5 g el lid oled e L) bes  Saioen
G, SB J ool vy 5 oL ibe go Jilis

.~

douls

S oapel 0T 51 86 lanaly 5 S lad
Ekwue ) 55, 00 jlod 4 (oo sy Gl 0 pte
a5 ooy Sl il S S ale s (et al, 2009
Qiang ) uiS oo g |; S 5 ol plio oz b &
@ e k] e S e, (Deng et al, 2008
ol 45 0l seles gass ol aslsl o g LLes LSS
25 s (b S sptind 4 e e
B el SB el Cwsy gelS ol
Haene et al, 2008., Kelarestaghi et al, )

2009
Gbey® g (o) 5 )l0 0 00 95 (S L JS jeb 4
(Molina et al, 2007) asls Ko b (o5 abal,
il Joo 4 oo 5l g o pose S SH9e 3 9
Sadeghi et ) sl o iol38l Gol a4 Gialeyd ol
I emSalr wad auS las 4 axg L (al, 2008
gl 5l cbli> g Zo pde )3 (cope Saa S Aol b
Hadsun, 1995., Agassi, ) o5, o0 i & oaob
JUst 5 b s g S old yud las (1996
Ol d ol anl B 9s (Olply) bawgs ead lax @l
Slolsy owyp 1 (Quansah, 1981) sil o S
Sl Sl ol gloazlp ) S ol
5 2lolsy ol @rSoshuil a5 Lxl jlasl oo 5952
29 20k (SN b Ll o Sl
5l 5o, «Sheridan et al, 2008) col auje
LS, glsi ol o 5o Wlgioe hl slslunsilon
SISl SRy om ome slaoglis sz e all,
w0yhd oilail aje8 alle ol gjluailen g b
Mingguo et ) aisls sg>g .. g 9> Cae yan w0 ,kad gy
JolS 5 & smeabs Lyl 5,05, L 51 5 <al, 2007
Arnaez et al, 2007., Jordan & Martinez-)
rchw 0 Sl LS, kls slel (Zavala, 2008



*\ \'i UA‘\M}‘ ‘\Y’/\‘\ )Lé'.' c\ AJM e-“ﬂ 092 g&‘ﬂ‘ﬁ@b@cd)‘éﬂi}é,ﬂ 4.1}:«5

5 2lolsy Sz jo SB e slo i 5l (S0 bLS)
Gl 4238 O a0 S ol 8

laghigy 9 319

2 990 dibais

9 55 ol slogeed Jold a0 (qw)yp 990 adlate
aals )3 olhiile sbys Jole ek Voo sga> o
sl 0y dly Ly i 51 e YO b VO el
0SSk 9 faichee £ov 5l i bl Sl (S0ks
slalssg, bl slcwss o, o dihie LS
o VO 5l i 308) Baes b S lls a5 ol
A ey oy S G eSE bl Glosed )
5 pe) (Sl Sl b g xS b glails ezl ]
iz slogd slaSls Ylyie 4 45 wblbioe (o) pd
5 oSl g5 gl adhaie Gllor wload guag L
il e ezl g 500 e glaisS L ond cblax

Oyb Hlewadilen ol&hun sla S
G255 w30 (6,80 40 9590 e sl olKiws
154 S 6oyl 5 S e bli> Slidss 55 e o
031031 55 oyt S50 Syl el o0l wisle 5 oL
= G gl Yoy o Lo Yo oo yio o/ A anlad
aide | S g olKails o gz ge o liliul diges (slie
ol il e & s Jo LB Sl 4 a5 st )b
Ol S pinlud o Shs e sl leoll
5 035 wlin S5 cbli> Sl ypizmen o o Soi
sloaiiog @ pdgohile e jskie 4 ol o)l
Al oo laliay oot ) oy, o o e
Caond ¥ 5l oy 9,590 3wyl b (Kamphorst, 1987)

\- Wageninngen

33,5 ol il oS 28 Lol (slaJale e
Siulw b 4 Cowles> v, 0 Moradi et al (2006)
2 Bly sy ddhie jo 1S Glaiiyd aliosm, 5
@b assby ol gileailes (b ledol wlass
Loty il olie 5 s, Slaas lo
g oSl 5 o Cagb) )y e cnle s slo e
e olpen & Sl 23 50 ] syl 2
olia g 5y L awle ey il (Sal ), LS
,o Rulli et al (2006) .wlawsls jge b5 (S Sl
o)lal iS5l 40 S (L2l sleS L (59, p (Ao
55miis] b cos aS Lol nl oS a5 wo S
o2 5k s [ 1, Sdgmg i Sy g a5 )18
oo o)l K w4 cud (st 3985 Gl llo
Ol ens jelate 4 Foltz et al (2009) .ocsb
Sz ool 90 50 Gl b g gy clale Bgi D,
Sloolile 5 S yel Jlad jo 05 5 0k s9,0 5 5508 syl
S 3 ol Kby @S a5 WS 6o eohac
Sl iz glaosl 1o gy cuale 5 Clols, ol
2 e 5 BLS Sdsy SRl s ol o0 5 55
Girmay et al .asb oo yin SB  Sod slo S5
S Cos S ) e 5 loly, o)z 1 (2009)
Ve ashd V) o cusllcws S 5 @, «55,5laS sla

S Wdemy axD Gl @ (2l Jlod p0 (e e

2Ll 5o gy a5 Slolsy ez olplyy oyl
Ol g wsg hyslaS (Bl I S plp VF S
VY 5l G Oy Spge 50 2lolyy Olime 45 Wis S
Syslp &5 ol 4 azg Lol Gigeinr LB as)s
delse colis 5 Sb alujd s Ololsy e 5l ait
Gblie ;o ohs ,5i8 Jlods (L2l 5o ol slaz; 5 e
Gl I s o0 S 4 6598 Sl s e e oS
P S Gl g Ololsy oeyp jsbite 4 Glagh
aalol 5o 5 (egrae lopllb 5l 6rSone b o 62



S ol s S il 5 ol Blyy » S gl iy St

qy

el ool JSis 08 oo 518 ol (g0 0

bl iyl adgi (gl Lid eniiS iy b pbi]

Silej] 050 S aiges a5 (318 OB 5 LT 6l Al

S calulejT asiad 5 5ol €9 Gy,
lold 4 cogh oL T Glupll oliCiws and 5l
B e hla b Jy K0S l eslST Vo4 Soo
V0 oL 2 50wl S (Bolad Sy 4 LSS
ot oS (blE o il eges ol 4y azgi b alak
Oy attiee b (o 0l 035 090 duo 0 VO dgus
S )l piged 0ll yo ) (ASiz anels (250 5 Job
Sz ar g ply ol a4 ol gilusiiles ol e 4
Sl e Glet Lo aSul gl ol plonl (o oSl
S Gl 5 oty olies o ) SB 5 a0 a5
5 S 92959, cowd (bl Dae g ul wls s
Silosilon slagialejl den ;o askad ja (b Llys
e & Grizes b i8S Sk o LSy g b oL
che ipliled 5 lolsy 5o ST ssisSee S Sals
4 .(Zehetner & miller, 2003) o ¢ g anlad
5 <ol 9y 5o olS Jide gl el Bl slas
Ly oialeyl bli an jo Lalyd (5loplasy (Aol
LS Gdg 9 (Sblie abd sgazme mha 4 4z g
saile Sb (pizen (Feiznia et al, 2005) oo i35

RN

S5 e (Soi)l la Shs a4 ol jslaie 4
slwools 31l gilwasilen ;o 6,50, Sl w2
I\ B as Lg)l_m )Lz S ‘fwl.‘.w‘}b olil.w.l‘ a Joy').c
o=l Ll s (6 S0 e Gl 00l &8y Q—| & raghS
Voo CiaSiboygo L glaido VO Cud aciy drools
Vaziri s, ;) Moradi et al, 2006) d_.
(b @Y slaas o5 Sl 5o 2,5l (1984)
A |, S a5 Sy, ady 4 S &,
L elaile 5l (555 sl p )0 S (oo oSaie
s Feiznia et al (2005) 095 0 (5550 50 Yo o
4S ol S5 agh ade> 5l Jin et al (2009)
g oloul 0> gla wyp yo 1) (Sw)l oYL sl
A0,S 5l 8 eaiol sl )b plp o ly S sy
oL slaialaesl ads gl Sas,b ae g o
Loy aids oy e ¥ plp cod 5 a0 g Sl (ogran

ol 00l ploxil 42,35 V0 Loy o



“‘ \'i UA«M}‘ g\‘,A* )Le c\ e)‘n.:d g‘“ﬂ 092 Lb‘ﬁ‘ﬁ@b%;d)‘é%i}éﬁﬁﬁ

Y Sl ol jeue 5l o g S cdlo gy 5l o S
sloaiges JEsl b on Jite oKisle;] 4 (5 e Jus
Soge Wil g9, o cilie slads jo olKiule;] 4 S
O dwle g Sl () doye Juld Socél i s
(Zarrin kafsh, 1994) oo pons s 50g,000 bo,
adl> b jaikes g, b S ol pgate (59
cugb, .(Black & Hartge, 1986) oo acul=e
5 O SB (9 ISl Si9 Ghe) 4 S ety
gabas 4330 V00 glos j0 gl b 0 S Sas 5l e
o J eole woye (Foltz et al, 2009) o s
«Schnitzer et al,1982) sJly 3 b s,

b gLl o las gy b S anyannl 5 oSl cylan
oliyS ey Jiems e PH 5 e BC alewy
2l 0 bl ileasla S5s%> (kafsh, 1994
el oals ooy las (V) UG 0 3 K>

oo ¥ 51 5,5 sleen S 5 Syt (ol
Duiker et ) o (5)91@.? ohb ilwasilen yo 5l i
L olaly, po Uiyl olas; o 5l e @l 2001
M et e algiul g eeliee (5505l
Sl Sy alols eus L .(Marques et al, 2007)
lolsy Sl bl xesiys b olls, Skl bk
sS55Il 5l e (Engel et al. 2009) oi asein
S 51 ols hgee 3l Gl Oliee w2 lly) e
ogamdis a0 V00 gles o el b Fr ey bl
2 Ol d Ol e Sl iz AD (njg5 g SAS
dlme id 19 05 o ogesy LS (DI lg) e
byl e o (Kelarestaghi et al, 2009) o
S wges shd o Syslxe 5 oLl gjleaslen
Sype sele w6y Gregile =Y+  oxba
Casermeiro et al 2004., ) oo caly cw)p
sleaiges .Jordan & Martinez-Zavala, 2008

O 980 U8 6 S 59 Ok Hluniilen (S5 gSa Y U

ab bl Bgipranl —Bg)55alsS gail 5l (6 pT0
Saon g, 51 e (Gelssen et al, 2009)
Sl 51 Se 2 Gl 9 56 Ol g
Siabe® g Slolsy Glies y S )0 euds (5Tl
Sl rSoe b cales o 285 I8 cwyp 050 S

ool Jalas g anjas
GF ey e o booly cud g gyslaer 5l m
SPSS15 31 a5 51 bl ajs lp Excel

L bosls oy gole w0 piass [0 0 (5S040



S )l ps S rsle b s Ol Ol p S s Sy 8

a¢

(¥) akal,

i=1

Sioi-ri

CE=1-"——

> loi-0]

5Silie y3920 RMSE s sl RE Wil s a5

S Qe aiie loays polie Sl O «piie

O g oass o les M g puxio 6‘5)91)'3

b
SE o oad gpFolal layie 4 bgpe mls
oo ool las (V) Jgaz 10 (ow)p 9550 (A 21
@ls dibaie oSl 0 alisdle a5 jsbiyles cul
oxoslis el cplas (181 A ) s YL ‘_,,JT slgo
Sl alS (6 ndideii )0 dihate slaSE (YL ekl
@ 3l Sl Glalu elS e o g S,
2ol Gidgr gb hls (o 990 (IS S2l] Koo
S A (B e e 5l Ble idg g6 cnl &S oo
Siboasilon o 5l iy o5 s cnl 45 ud S
dap g oad ALl (S a4 S0V b (olb
S el 0ud plrl S w5, 5 gl
0391 (2 Vb Yl S (s Zusb) Gliee Sl S
Sleael casds ml umea (YA£AY) cal
ol sl oals LI (Y) Jgux 50 oLl gileasilen
AV ©lgly, Vb jlews > easmsglis Jooux
(@ye s 3 I VPIVAL plp g @pe o po /09 59
bl b ISz pol] 0 Vb Olls) m2 ool &5 oy,
S alwl il el az g BB SL ey Casb; (ol
Ly oo 2d VLS, o 50 oad giluaslen oL x>
Coyd Oliee odd ond Sloly) e ke 4 4z g
Felet 4z 5 E9oge (nl 45 oad aul 1FA L5y

a el Gialed s Slolsy Gliee p0 Fge gla e
5 210lsy 055ln sln sl oie vz sla e (oS
e Sln ps¥ byd S gl ) as Sl
2 b osdel cans a4 @l Jlgten Jow S Ll
R I R e LD
LS o gl slaasls 5l ens wl) slaJow
ke j9dme «(Sadeghi et al, 2005) (v ally)
o s (Hoyos et al, 2005) (Y akyl,) lUas ey po
(Kelarestaghi et al, 2009) (¢ ak) ' I8
o gl Ol G Gl 00 GaSe
0 ad,F LS s Ve eS e bbb claalolas
coyo b oo 3le ol (Sadeghi et al, 2005)
oSl jedome Slxe (Joud BB 0yl sl g s
Seled 0 5 550 @S e SasS slhs Sl
G dole Gy caiS iy sl el og aS

235 )18 s Ly, jo ead il 2,0

(1) abasl

Qo —Qe

o

RE = *100

(V) abasl

RMSE =

y- Estimated Eroor
Y- Square of Error Root Mean

\- Coefficient of Efficiency



QO \'i UA‘\M}‘ ‘\Y’/\‘\ )Lé'.' c\ AJM e-“ﬂ 092 g&‘ﬂ‘ﬁ@b@cd)‘éﬂi}é,ﬂ 4.1}:«5

eyate big ol ole (rd gla e () Jsuz mli
3)lg 9 oo aiBlid Cllyy 50 Fge S oy Cugh)
Oppdan oo las gwyp ol S el adsl Juw
Olime 9 S iy Cogb) sope o (S
@l @ 4>y b puizmen abbioe LB (VYD) Oy,
Cusb, 9 I oole dow () slojie (F) s
3,lg g ool aSlil yige iolw,d liwe o S i
Al S gole s 3,590 p adgl Jow

St s ololsy 955l Gesw S, sladse zil
el ol 00,8 # 5 0 F Jolox o 5 5 S

S asS o cdb 1) S kS o Slgly, wdg 4
pr> gl (U b Jdo 4 (S gble 4
G Qlls 5 Sy Oiee w0 1) oLl i
Cugb) azxgd Ll 23U Sge Bedod (nl @l Lel oS oo
Sloley Ol 020 YU yo (S L2l 50 SB ot
5o 2lolsy Sl gy yo s b Koo (sl adloe
Sl 5l asds VAN clndS 5l G Las a5 05 oo ala>dle
Slolyy bl Jsb 4 ads 10 o5 L (sleasilen
Caghy b 3l G el g9 (nl 45 950 e 1
ol 1 Olols, el wlbn] jials 5 Sb i
S Gy o bLS coln sl 4 ves e
3 oibeyd g Ololy) Ol b S 50 ead (5503l
S (Sor ile (omyp 9y S 2
odls &LI(Y) Jgaz jo ol jloswl cansy s a5 <8
Olie 33 Fee laysie 5l xS0 b bl ol
o e 3z gla e by 4y pladl (b 5 Sy,
S erSope b S Gl o Slolsy o5l sl s>
Jelo )3 ol we)s B mha )3 opiie Wiz e S
oy Glyie 4 Glalod 5 Slolsy olise (s,
(J ool cale (o (G, oo gl jo g atinly
oY 50 Sal g anaul oty Cagh) (egane s
oor ab p S slapsite Glye 4 SE an
slo by, b ad S e o (V) Jgaz) ot Ssn
5 gpta ¢ ol Gds ( plE 4 a5 e s calise
Oy 4 syt Joe Culed s a5 was bl By
O re 9 Foml e gl Gl & Joe
@ azgi b ad S weog bae K00 4 Ces 5V

\- Enter

Y- Stepwise
v-Remove

t- Forward

0- Backward



S )l ps S rsle b s Ol Ol p S s Sy 8

"

g 980 i LBl ju ada SIA sla jadis (5 lel sladadidie -Y Jgua

o ol Sl Bl il
(02,3) 3o Y1V Y/vY
(0o ) il YE YIOA
(o ,0) (o AR Y/-aY
(xs,0) Gﬂ oole #leA <IYYY
(0u0y8) S iy g, Ya/54 Y/
(cSe fo sl 10 p.5) Logame ()9 VT I¥Y
(20,3) Sa] $l-Y VYD
Lol S aopd YO AT
ds/m) glsl J5 S S culan “IOAY oo %5

0 9080 (A8 (Bl 53 Oyl s 3Leusiilen ) osel Cras gl - Jgua

Sl Syl ok e
\YY \$IYe (oo 5 5d) Sl pm
AR VIAA (ai80) oy, el sl
YN $ VY (tre oo o ps5) Ll
AN ARl (@ oy 10 jd 100 )5) g, clale

R 980 (A (Bl 53 S Glubs 8 9 T0lg) sl gh S Lo S5 g (s (Siewsad b T Jgua

o | e | on | et | caghy | 97| S | st |
o | oS S o
o) )
el IR \
o Ceevy | ooy |y
S N N Y \
Cosh, | EesE | N0 | el | e¥ys \
oyata o3y | —oI¥OD | /YN | efeVA | —ewd) | oo \
Sl el | NE | —endf | ey | e |oers |y \
N Y Y S T T e T \
Sal CAYE | e | oves | enA | ey | eevy | oavveE | Ay |y
R A AR N R\ AN A7 B VS VA s O INVES Y20 L C U Y o8 3
N I BT B e e I AT BTV EET2T S

18057188 o ys (Stses o3 a5



v

\~il3/\‘\4aé.a}|‘\f’/\‘\)l.e‘\ AJLQ—:e-“ﬂAJ}Ag&‘ﬂ‘ﬁ@b@cé)‘éhﬁqi}éfﬁf.u

Tole) o1 S LA STy S (Sgae S ) ol pb -F Jgua

15 iz t 5 il ol i 5 bl pud sl g Joe
P Satd B
Beta
e YIADS #le -0 YY) 08 b e
RN s
[oed) ¥/ AN Y Oria s
+/F54 S
- IVOA -
[+\Y -Y/IY-Y =Y/ 0\ Jl}‘_gHmu
AR
ol 5 S la S5 Al g S5 ol b -0 Jgua
&l S0 t S lailiw! ol o S lailiwl e ol o Jow
Lo 8l 20l
P o B
Beta
o DIFYY 1/99f DEIYSY ol e
V/YAY B
ofee R ARY4 -7INY « Sk ‘_gll ools
—+/OYY
‘/‘%\‘ o
[+~ A Y/AQY L IYFE 9
A S i
/+Y4 Y/Y-Qa A ARS
ol YV e ¥YY
Y o
o 9p80 S (LB ja S Gl 8 5 Tolg) 9,800 s sLadse 7 Jgaa
epd | ey | eSle Hedome o o
o) sl 0 i W2 oo
O UL s Slay po
R.O=YNos + -N¥a (SIM)— |
SYA | -IVA VFA VIVO <Ios
Y/-0\ (% SOM)
S.Y = o%/Y5Y — $IAY- (% SOM)
YN | oY WWAA ERE
+ /Y€ (SIM) — -/ivyYY (%C)

:%C ‘L}JT ablﬁ M)J=%S.O.M ‘Sbmg,\.’)l@:S.I.M ‘(C!fj:ﬁ‘)b (’)§) g):"il““’j'e=SY g(@szﬁjs _;:-:D QTQUJ=RO

B8 M)J



S )l ps S rsle b s Ol Ol p S s Sy 8

aA

ObL 5o 5 el S g pdydeii o JRw tals S
053 )l Dlols) 5l G e oS d9de oz
Masri, & Ryan (2006) .Commandeur (1992)
a5 oy Slia=e ale> ;I Adekalu et al (2006)
ol ogare (i Catte LLI) 4 055 slaow,n 5
Jsozr @i & azgi L wis,S o)Ll Clly, (e b S
5 e shole SB el Cusby &5 wh asis (T)
» S ba wad aslin Olyly, olwe o 8,506
Cush) G VYD (Sor e @l Gl aly
Ward and .asb o )18 Sl olie 3 SB- uiin
Sloley ol 50 Golas a5 wis S Lo Bolton (1991)
Olie @ wly c@iye 5 S oS s b d g
w03y Clw Ao g Jl ool (S i Cogb,
Cugby Gl Glie 4 Olgly, LBl Gal aS (s b
Cugb) Sote (Sarer il bgpe S i
Castillo loazily b 55 Slols, olee b S iy
Vahabi & mahdiyan (2008) 5 et al (2003)
3,18 &l Molina et al (2007) zls b 5 Slgseen
Colae oy Sl G 8 Gei nl )9
Lyl @lolsy ol b Sl aoys g aacl (S0 Sl
A daxgi Lol onys doyo O Jisl mhaw jo gl ge
O A Al et @iz Cpl 5l edel Cwds ol
Jole ¥ Cales ) @eiods (nl jo S Hlai 050 slo e
S yesie (lgie 4 S Josle wuo ) 5 iy Cusb,
(F) Jono by pials aslis Sl Jow jo 15,50
S (8,0 Sme gl 9 (D) (6,105,850 o po 4 4z g L
ity gy 1o T o5l & Capns S g s,
Slooole cmals Sl ey olgly, Ll o S
Oliee Ol wly (nl 2 ol ooy Sloly, 0SB
S8 b (F) Jgor o oals &l Jow by p 1) Sl

Dgos %BTJ-B YL

S yaSdatis g cag

SARIEY

Jsoz ;o oad &l (Stvon G ile @l 4 a2y b
039 I ool (rh (glayiie a5 g0 aseie (V)
S fosie B B iy gy 5 5,0l opasio
ol @mls el s SR Lol o olly, ol L,
coyo shls S Jlole g ol oy aS ol
YAl (g 9 e Saghy Moy0 g (i (Shnon
Ol b oo (Siod o gl S el
G 45 aas e 5lid b,y il olols,
Sl 3sh Cepu mils Lo s pd YL woys o
Santos et al, ) oS o oy xS iy, i
o Lls o 4 ailep, oS aS s sbay (2003
P e S rddek gl (S R 5 Sanr Shs
e (St WBb e st Do)y, e amd
Adekalu et al s 0 55 Olyly, ol b op lyd
sl Vahabi & mahdiyan (2008) 4 (2007)
Slolyy om gl (Fren Gy @l el sud
S JTeske b ol bLs)l 5 K> 2] s oy
Slilsy e 2alS o S JTosle e 13l glisS
Siegrist et al  aie; ol 0 (VJgax) aib e
g0 S o ‘;’l oole 3429 a5 wis,S Lo (1998)
mogh a0 g ol 6yl bl (Sl il
we I eole bl LI s el S g,y
2 SE JTooke cuiio  Swaod b oo 2alS Sl
Bhupinderpal-Singh et slaaidl o 55 3485 /50
sles Arnau-Rosalen et al (2008) 4 al (2004)
O odd ol as  Sien oo Sl oall oolo
Loas o plas Slgly, 5 S mll pspase (s
ol Slolsy Gl S 6,0l (ogaze ()35 il
olPl S oS Gle Glges (V) Jguz) Sdb sl
oL pyaze (i (Rl carse S phw (55,88



Qﬂ \'i UA‘\M}‘ ‘\Y’/\‘\ )Lé'.' c\ AJM e-“ﬂ 092 g&‘ﬂ‘ﬁ@b@cd)‘éﬂi}é,ﬂ 4.1}:«5

Sly>ea Vahabi & Nikkami (2008) slaclSas
Cogb, a5 Wsges Lo Duiker et al (2001) .s)ls
Olwe JrsS 50 R0 5 e Shele S g
ey Coskey Gl b a6 st wiilie Gialosd
Sgdise yudar Glalw 4z o g Gl Sloly, S
ol pgae iy erd Sl i Gm BehS Cul )
L oglosme bl Sal sy g ahanwl o S5 sl
A dxgi b als oays oy 0 Jlis mhaw jo ol 8
Ao, 6l yusie a5 Al asiine oul dl)] Sgaw )55 o
P & ooy g S ey Cusb, (S JT ool
Joe ols g ataly haled ol o 1) 530 on i
Sl Il eosle czals 510 Jgaz) o ol
S ey Casbey sl el ) Jlazsl el s
2o @8 Sy o) Jlisl mhe o ol s p
b ol b logme o0 il w0 gl
Jsoz 5o ead &Ll Jow 4 b ) (il 3 (e Gl o
Sges 3590 YL B L (F)

2l o gi nl l edel Cuws & bl 4 axgi b
Sl yeiie 45 85 Az (g (o D90 S
5 Al opaa iy S ey Sushy ol esls
S Gialeyd s Ololyy o o b (my D)3 a0y
O Cugb, la e a5 ol flas mls sl 56
o Sl g g pell psaste (5 (Il esle doys (Sl
Ayl oy, adg pe 1) 8l i s @
Soyd lasiie 5 S Guled il o Guizes
A S 5 SB iy Cusb, S I ool
dw b pas ol flas b wslails 1, 50 o i
Olfise () 5 SB i Cush (Il oole duo s i
YL Sty e e po L], SB Gl s oo,
b ol iy ol gz 5,5 Sy5l IV ) g YA
2 SE Glalesd s Slolsy 05T aiey )0 S Lals,
DS Oyze wlb i sboiegh (S S

R

Joaz 0 onds &l Swcod o yilo bl @ azg5 b
o3le b oy (Sl yeite 45T ol ey 4z cnl (V)
O b1y oloisine bls) SB ey Cusb, 5 I
2 @ L sy 0j00 Sz SOl o ale b
D | B R W0 L BSTLIS - V3 GRS
(Y Jgaz) cewl ool lid jolu,d e b i bLS )
3 Oleww dilen owy I3 a5 caib o ol se
ools Lo a4 g (Refahi, 2003) oo 5 Jos laaslasSs
9 balase old Ll carge (( Shinr Sy
Attou et al (1998) .wgs oo Lislw s ialS ams
@ Slgee Sy 2 a5 Wk cnl p 5
sals g S kil gl Gl g gslealass
Ao, aS ol lis bl les S S 8,00 ol
ol ® Olime b 1) (5)lodme g Cote (Ko Sl
Clew I3 a5 wes o lid by gagh (V) Jguzx) o)ls
Ao g oo Samr Shy osn &5 S ol &
e g ond s olol 4 balaSls ol wab e
L fosine 5 e Shsad cupd SIS wishise
Sree b s e S il o il b oo
Parysow et al (2003) slo v,y ;o 5 (iolo,d

(Y Jgo) ol Cawd @ @Lu @ Ly ool ool ools obas
Sle b1y gl cire g shie  (Swaod I Slge duo o
Coge S 50 0gzg0 Sl oole .ol sols ylid ialu
xS 5 g balass gl (S il de
Slme b Il oole hie bLs )| 0gi oo iolw,d rals
ozl pliie Sl )l Slaowyp 50 5w Gule
Feiznia et al .Casermeiro et al (2004)

sl onys Tejada & Gonzalez (2008) 4 (2005)
Sl S i Cagb,y ae o oS ol lis bl .ol
Ol b H/OVE Jlogime 5 Cote (Sian oo
Lo oems ol (6 Js) ablae il



S )l ps S sl b s Ol Ol p S s Sy 8 Vor

c..\t\.o

- Adekalu, K.O., Okunade, D.A., Osunbitan, J.A., 2006. Compaction and mulching effects on
soil loss and runoff from two southwestern Nigeria agricultural soils. Geoderma 137, 226-230.

- Adekalu, K.O., Olorunfemi, I.A., Osunbitan, J.A., 2007. Grass mulching effect on
infiltration, surface runoff and soil loss of three agricultural soils in Nigeria. Bioresource
Technology 98, 912-917.

-Agassi, M., 1996. Soil Erosion, Conservation, and Rehabilitation. Marcel Dekker, New
York.

-Arnaez, J., Lasanta, T., Ruiz-Flano P., Ortigosa, L., 2007. Factors affecting runoff and
erosion under simulated rainfall in Mediterranean vineyards.Soil and Tillage Research 93,
324-334.

- Arnau-Rosalen, E., Calvo-cases, A., Biox-fayos, c., Sarah, p., 2008. Analysis of soil surface
component patterns affecting runoff generation. An example of methods applied to
Mediterranean hill slopes in Alicante (Spain). Geomorphology 101, 595-606.

- Attou, F., Bruand, A., Le Bissonnais, Y., 1998. Effect of clay content and silt-clay fabric on
stability of artificial aggregates. Euro. J. Soil Science 49, 569-577.

- Begueria, S., Lopez-Moreno, J.I., Gémez-Villar, A., Rubio, V., Lana-Renault, N., , Garcia-
Ruiz, J.M., 2006. Fluvial adjustments to soil erosion and plant cover changes in the Central
Spanish Pyrenees. Geografiska Annaler. Series A, Physical Geography 88 A,177-186.

- Bhupinderpal-Singh, Hedley, M.J., Saggar, S., Francis, G.S., 2004. Chemical fractionation
to characterize changes in sulphur and carbon in soil caused by management. Eur. Jurnal of
Soil Science 55, 79-90.

- Blake, G.R., Hartge, K.H., 1986. Bulk density. In: Klute, A. (Ed.), Methods of Soil
Analysis, Part 1, 2nd Edition. Agronomy Monograph, Vol. 9. American Society of Agronomy,
Madison, WI, 363-375.

- Casermeiro, M.A., Molina, J.A., Caravaca, M.T.D.L., Costa, J.H., Massanet, M.I.H.,
Moreno, P.S., 2004. Influence of scrubs on runoff and sediment loss in soils of Mediterranean
climate. Catena 57, 91-107.

- Castillo, V.M., Gomez-Plaza, A., Martinez-Mena, M., 2003. The role of antecedent soil
water content in the runoff response of semiarid catchments: a simulation approach. Journal of
Hydrology 284, 114-130.

- Commandeur, Paul.R., 1992. Soil erosion studies using rainfall simulation on forest
harvested areas in British Columbia, Erosion, Debris Flows and Environment in Mountain
Regions Proceedings of the Chengdu Symposium, July(1992). IAHS Publ. no. 209, 1992.

- Duiker, S.W., Flangman, D.C., Lal, R., 2001. Erodibility and infiltration characteristics of
five major soils of south-west Spain. Catena 45 (2), 103—-121.

- Ekwue, E.I, Bharat, C., Samaroo, K., 2009. Effect of soil type, peat and farmyard manure
addition, slope and their interactions on wash erosion by overland flow of some Trinidadian
soils. Biosystems Engineering 102, 236-243.




\'\ \'i UAQM}‘ g\Y’Ai )Lé.'\ ‘\ A)w g-““ 092 LQ‘ﬁ‘ﬁb@tﬂ@géJ‘é}:}’Qi"éﬁ 4.1,:«5

- Engel, F.L., Bertol, I, Ritter., S.R., Paz Gonzalez, A., Paz-Ferreiro, J., Vidal Vazquez, E.,
2009. Soil erosion under simulated rainfall in relation to phonological stages of soybeans and
tillage methods in Lages, SC, Brazil. Soil and Tillage Research 103, 216-221.

- Feiznia, S., Ghauomian, J., Khadjeh ,M., 2005. The study of the effect of physical,
chemical, and climate factors on surface erosion sediment yield of loess soils (Case study in
Golestan province). Pajouhesh & Sazandegi, 66, 14-24.

- Foltz, R.B., Copeland, N.S., Elliot, W.J., 2009. Reopening abandoned forest roads in
northern Idaho, USA: Quantification of runoff, sediment concentration, infiltration, and
interrill erosion parameters. Journal of Environmental Management 90, 2542-2550.

- Foster, I.D.L., Fullen, M.A., Brandsma, R.T., Chapman, A.S., 2000. Drip-screen rainfall
simulators for hydro- and pedo-geomorphological research: the Coventry experience. Earth
Surf. Process, Landf 25, 691-707.

- Geissen, V., Sdnchez-Hernandez, R., Kampichler, C., Ramos-Reyes, R., Sepulveda-Lozada,
A., Ochoa-Goana , S., de Jong, B.H.J., Huerta-Lwanga, E., Herndndez-Daumas, S., 2009.
Effects of land-use change on some properties of tropical soils-An example from Southeast
Mexico. Geoderma 151, 87-97.

- Girmay, G., Sing. B.R., Nyssen. j., and Borrosen. T., 2009. Runoff and sediment-associated
nutrient losses under different land uses in Tigray, Northern Ethiopia. Journal of Hydrology,
376, 70-80.

- Haene, K., Vermang, J., Cornelis,, W.M. Leroy,, Ben L.M., Schiettecatte, W., De Neve, S.,
Gabriels, D., Hofman, G., 2008. Reduced tillage effects on physical properties of silt loam
soils growing root crops. Soil and Tillage Research 99, 279-290 pp.

- Hoyos, N., Waylen, P.R., Jaramillo, A., 2005. Seasonal and spatial patterns of erosivity in a
tropical watershed of the Colombian Andes. Journal of Hydrology 314, 177-191.

- Hudson, N., 1995. Soil Concervation. lowa State University Press, Ames, IA, USA.

- Jin, K., Cornelis, W.M., Schiettecatte, W., Lu, J.J., Cai, D.X., Jin, J.Y., De Neve, S.,
Hartmann, R., Gabriels, D., 2009. Effects of different soil management practices on total P
and Olsen-P sediment loss: A field rainfall simulation study. Catena 78, 72-80.

- Jordan, A., Martinez-Zavala, L., 2008. Soil loss and runoff rates on unpaved forest roads in
southern Spain after simulated rainfall. Forest Ecology and Management 255, 913-919.

- Kamphorst, A., 1987. A Small Rainfall Simulator for the Determination of Soil Erodibility,
Netherlands. Journal of Agriculture Science 35, 407-415.

- Kelarestaghi, A., Ahmadi, H., Esmali, A., Jafari, M., Ghodosi, J. 2009. Comparison of
Runoff and Sediment Yield from Different Agricultural Treatments, Vol. 2, No. 5: 41-52.

- Loch, R.J., 2000. Using rainfall simulation to guide planning and management of
rehabilitated areas. Part 1. Experimental methods and results from a study at the North-Parkes
mine, Australia. Land Degradation and Development 11, 221-240.

- Marques, MJ., Bienes, R., Jiménez, L., Pérez-Rodriguez, R., 2007. Effect of vegetal cover

on runoff and soil erosion under light intensity events. Rainfall simulation over USLE plots.
Science of the Total Environment 378, 161-165.

- Masri, Z., Ryan, J., 2006. Soil organic matter and related physical properties in a
Mediterranean wheat-based rotation trial. Soil Tillage Research 87:146—154.



Sz sl 03 S Gl by ST 0y, 5 S gla Sis AU .y

- Mingguo, Z., Qiangguo, C., Hao, C., 2007. Effect of vegetation on runoffsediment yield
relationship at different spatial scales in hilly areas of the Loess Plateau, North China. Acta
Ecologica Sinica, 27(9), 3572-3581.

- Molina, A., Govers, G., Vanacker, V., Poesen, J., Zeelmaekers, E., Cisneros, F., 2007.
Runoff generation in a degraded Andean ecosystem: Interaction of vegetation cover and land
use. Catena 71, 357-370.

- Moradi,H.R., Ghfazanfarpour, s., Feiznia, s., 2006. Investigation of erodibility and sediment
productivity of quaternary deposits of sejzi kuhpayeh plain in esfehan province using rainfall
simulator. Water and watershed 2(3), 52-60

- Parysow, P., Wang, G., Gertner, G., Anderson, A.B., 2003. Spatial uncertainly analysis for
mapping soil erodibility based on joint sequential simulation. Catena, 73:1-14.

- Qiang Deng, Z., de Lima Joao, L.M.P., Shin Jung., H., 2008. Sediment transport rate-based
model for rainfall-induced soil erosion. catena 76, 54-62.

- Quansah, C., 1981. The effect of soil type, slope, rain intensity and their interactions on
splash detachment and transport. Journal of Soil Science 32, 215-224.

- Rafahi, H.Gh, 2003. Water Erosion and Conservation, University of Tehran, 671p.

- Rulli, M.C., Bozzi, S M., Spada, M., Bocchiola, D., Rosso, R., 2006. Rainfall simulations on
a fire disturbed Mediterranean area. Journal of Hydrology 327, 323-338.

- Sadeghi, S.H.R., Hedayatizadeh, R., Naderi, H., Hoseializadeh, L, 2008, comparison of
different quaternary formation in runoff and sediment yield in Sarchah Amari rangelamd of
Birjand. Marta, 2(4), 449-463.

- Sadeghi, S.H.R., Yasrebi, B., Noor Mohamadi, F., 2005. Development and analysis of
mounthly precipithion-runoff relationship for haraz wathershed in mazandaran province,
Agriculthral Science and Nathral Resources of Khazar (Nathral Resources), 3(1), 1-12.

- Santos, F.L., Reis, J.L., Martins, O.C., Castanheria, N.L., Serralherio, R.P., 2003.
Comparative assessment of infiltration, runoff and erosion of sprinkler irrigation soils.
Biosystems Engineering, 86 (3), 355-364.

- Schnitzer, M., 1982. Total carbon, organic matter, and carbon. In: Page, A.L., Miller, R.H.,
Keeney, D.R. (Eds.), Methods of Soil Analysis. Part 2, Agronomy Monograph, vol. 9, 2nd ed.
American Society of Agronomy, Madison, WI : 539-577 pp.

- Seeger, M., 2007. Uncertainty of factors determining runoff and erosion processes as
quantified by rainfall simulations.Catena 71, 56-67.

- Sheridan, G., Noske, P., Lane, P., Sherwin, C., 2008. Using rainfall simulation and site
measurements to predict annual inter rill erodibility and phosphorus generation rates from
unsealed forest roads: Validation against in-situ erosion measurements. Catena 73, 49-62.

- Siegrist, S., Schaub, D., Pfiffner, L., Mader, P., 1998. Does organic agriculture reduce soil
erodibility? The results of a long- term field study on loess in Switzerland. Agriculture,
Ecosystems and Environment69, 253-264.

- Tejada, M., Gonzalez, J.L., 2008. Influence of two organic amendments on the soil physical
properties, soil losses, sediments and runoff water quality. Geoderma 145, 325-334.



\~T" \'i UAQM}‘ ‘\T’/\i )Lé.'\ ‘\ OJLQ—; g-““ 092 g&'ﬁ‘wb@uﬂ@gé)h}:?’qi"éf 4.1,:«5

- Vahabi, J., Mahdian, M.H., 2008. Rainfall simulation for the study of the effects of efficient
factors on run-off rate, Soil Conservation and Watershed Management Research Center, P.O.
Box 13445-1136, Tehran, Iran, 95:1439-1445.

- Vahabi, J., Nikkami, D., 2008. Assessing dominant factors affecting soil erosion using a
portable rainfall simulator. International Journal of Sediment Research 23, 375-385.

- Vaziri, F., 1984. Rainfall events analysis to determine intensity-duration curves in some
regions on Iran, Jihad Daneshgahi Press, 540 pp.

- Ward, T.J., Bolton, S.M., 1991. Hydrology parameters for selected in Arizona and New
Mexico as determined by rainfall simulation. New Mexico Water Resources Research
Institute, NMSU, Box30001, MSC3167, LasCruces, NMSBE8003,
http://wrri.nmsu.edu/publish/order.html.

- Zarri nkafsh, m., 1994. University of Tehran, 236 p.

- Zehetner, F., Miller, W.P., 2006. Erodibility and runoff-infiltration characteristics of
volcanic ash soils along an altitudinal climosequence in the Ecuadorian Andes. Catena 635,
201-213.




Journal of Range and Watershed Management, Iranian Journal of Natural Resources, Vol. 63, No. 1, 2010. pp.89-104 104

Effect of Soil Properties on Runoff and Soil Erosion
in Forest Lands

A. Kavian', A. Azmodeh?, K. Soleimani’ and Gh. Vahabzadeh'

! Assistant Prof., College of Natural Resources, Sari Agricultural Sciences and Natural Resources

University, Sari, I.R. Iran
2 Graduated Student, College of Natural Resources, Sari Agricultural Sciences and Natural Resources

University, Sari , L.R. Iran

3 Associate Prof., College of Natural Resources, Sari Agricultural Sciences and Natural Resources
University, Sari, LR. Iran

(Received: 10 January 2010, Accepted: 13 May 2010)

Abstract

Globally, soil erosion is one of the most important environmental problems which is threaten soil and
water resources. Soil properties are main parameters to affect runoff and soil erosion processes. So,
this study was conducted to investigate the effects of some soil properties on runoff and soil erosion in
the forest lands located in vicinity of Sari city. Rainfall simulator was set in 15 random points in 2 sites
to create experimental rainfall. Runoff and sediment yield resulted from each experiment was
measured based on field and laboratory investigations. Soil samples from 0-20 cm depth close to the
simulation points were collected and analyzed. The results showed that soil initial moisture, percentage
of soil organic matter (% SOM), bulk density and sand percent are most effective factors in runoff
generation, respectively. Also, the results illustrated that percentage of soil organic matter, soil initial
moisture and silt percent affect on soil erosion, respectively. The results of multiple linear models
showed that runoff and soil erosion can be predicted based on percentage of soil organic matter, soil
initial moisture and percentage of clay with coefficient of determination of 0.638 and 0.752,
respectively.
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