OY-50 gadoin VA bl MYV Slo goylad & (g0 lad Y (5080

10.22092/wmej.2019.126995.1243 :Jluows (samlis A

U/é N

5 e SB lid gl pais g a8 elily o s (om 2
Sy saa by vl s JKia 53 (59w yid]

Sz

Oliwd )5 o8l o als wolie (GoaStils (5o yusul o)l sl IS g9zl

oo coudl ol o5y

b S oSl ¢ srer i (goaStils wis o5l g @50 siige 05,5 bl F(Jgis sosissd)
§ 3913 dgmume

Olsd S ol (63)5LaS 0aSiils (S (waige 5 pole 095 Lol

shirkoebrahimi@uok.ac.ir : Jgtuws ot g sasbbly

WA BIVE c ol ol WA 45 Y 2l o,




OS5 oLl Sl d SeSa (V1 7) ol Sen
5 48,5 1 lagion )0 (ryeyte 1PV Sloosz ez
5D e oo (503, 98 ;0 (Kix S IS b
bl 53 5k y; sazbys sl 3,5 (A8 BY - 5 2T |
S Cugh (50,033 50 2alS L8 5 FF Silo s S
S S I insS 5 oI soske po ials Z¥A o VF
Eyome o b AP BT g ¥ e 5l 508 (ol )3 Sy
laaalge (old pki 4 e (g yiS] A5 Al ools i
ol Glae olge g ol 8 gojlail 4zl o g o bt
B by sazme (oSl B i (nl g B daly>
VA e s S5 il aoles aslol dalais
Sl rais oS 5 5—tSl Do s Gla gl (o
W) e onl & etz 0 S0 (S )3 35290 (2l
Sl rais (o Syl 55—t 5l Gy Sl o oS
Saearh )3 Az S8 g Gl ja s g (5 s
Sismil 3l Gy slajly 4 S plie sleyaie Sy
5 el 00 50l Sy S NP o g 4550
5o ANIP) i o (5950 S o gl 51 (5l
slaailebupg ;o elrbl ()59 parieds laas s |
VNN (52559) sl 00y 2 L il S
Cadgamas ailinl 53,5 sloled cly NIP o i 1,5
okeysS 5 J93e%) Conlond a3 S04 plas glapaie
3ol (gL Ygano iud 4 ()59 705 S (V0¥
JWly 5 ) Conl (alS (Adgy 0l 4 jid Cosgaome
los iglis a5 wisls Lt (Y1) Ske g Lol (Y- ¥
ORL s el jiud g (3595 (6999 gl g B
OF oLl 5 SaeolisS ) shd 4y (s S
Qs (Sl 090 55—l 5l G DeGYsh 5
AW 4y e C ] (o ()5 5l o alold o
5 oble) 09— alw 3 5l p WS olie gloyaie
Ko lo el wpg 10 (655w ST (Ve oA oK
55 slagbiowl Jdoes ail e sadlaie ;5 (pgasa
o 4bolig mly o mad g ) S sla Swk § S—us
255 5 ooz Sl s el (ol sl s3]

VN0 o5en 5 Lsb) o5 e i coailebupgy 4
O35 kst Baa b ol (sl laao o o (555251
Olrl ooz g 0o plowl (65,58 4 (o5 50 5 MKz (e
(lol L n G4l g o) 50,5 SES diyeS )
Rl oS oo i ) O 585 sl oY 597 Ll 5
Olr! (aoxie e (55,5Li5 5 )Ll (loslow) 58 slaosls
PO« ) 355 o5 yo 5 oS slaas,e 5170 /o 5 YL
5 S amo oo s I (G55 15T 1 o 1, (LS

dodio

slazdl (S O Lais gl lags o 5 o K 05>
Saa—wgi 3 oo Slopasld jl (S0 s lama
Ol © P slacdld e 4y 0yl Ll ol sl
sloalsbops gooiSon 25 ol (n ST (555051
Pe sl Jele 5loaiy Glogrge g ol (Sl 2nb
s 2 4S5 sl b lotilolapgr 5l 5 Jobss o
Dgdige w5 W slacsjgm il il

seyman b (oxabe) Ginlany Lae ) 3 0 (59m 5T
Sl 0 28) (S5 sl Sy » alesiie Wl o
@l (Gl 5 Dol Gl S LSl
o333 5yt L5l ad o o ol 2alS)
G2l) S s s (o] g5 2 5 (213 slayaie
(9,50 Corez il 5 s Slo 5 5,50 slaaisS o
Ohgilr g « S pogld soog (LS idgr p 25Ul 5l
«DeolisS sl Sl olltug; CodeS p el 535
(VA oSan g 53lS0T) bl 4l Bootonsly g kaylas
SBCeiS p ) Gl gl o Kaegh 5l ke
098 Kz slo S rale s o wliaol sla S
Sable Y e oD Les g iy ) il 03,5 s
Sz o s glags sl (Vo)) (e 5 |lges
S 0 gpSol caols L JT slacuS 5 o0 Solel b
s ndidei (ol e e (VY o )Sen 5 sl 9)
sals e o mals |y wlino] a3 > 005l g 04b oo
e S (xhaw g0 p3S o8 )b g 5 (BLS by
Sdyb 1alS el (6jgm AT 0t g0 S Gl B o
Slolyy Giali8l amil 1o 9 3985 Lzals (S Ol cublodss
G (V10 Ko 5 Bgl) 395 a S ol g
($am Tl s a8 Cawlools s el sla yimgh
209 Blas dlge o Lle 5 oy, Su s (S 5 dsh
IS o e el Sla Shg 4 day S (ol b e
59> (S 50 BLS (b 45 55—t 58y 5l
o Aol sl v 0n S 50 pdiptale B fuS1S
oo ol yd Dol 4 S ge ()L sl g5,
Sy ooy g bulyd 4 iy S il B o (a3
b olo a5l e 39— 2T 5l i adgl > @ ddlaie
s 4 S gl b sl o il o ialS Jw oz
loo,d p> Syl g ST (blis Y og aneS
dolol 3game g o e oo Jo> Sl a 4S5 als
wlog,y gloe,d abadss b ol clldS L as Jl> o o )ls
Ol 8 01,8 (S sailoc i, slao,d aile Sb g
o2l gls 098 oo (Blas lge Cudgrge Cudgas jla

AT
@ 9

Vi




3z Jobo o QB0 )S Gl 1o Olsa o o
wldla> pieg S, HFFON. FY L ¥P0 .Y oY
o0g0me sl il S5 YO TY o5 Gyao vy v
Gl glagaly i So) a8 ool L3l Ly i (gl
oS olm g 05800 (loy)) 550 0 (mazlyd o)l
Clolsy 95— 4zl e byl ) S 63955 2T
D9 on 4SS 0592 (p9ix Ceowd | (b jobay LS
on Slp o paiges (V1) JUl) aghy bl
3D 68 Sl rmaisei & Olsise |y 55—l sl il
SeolisS (5,19 paigad o Jlow S b (g5 25T 9,
el gl paigad s (Jlow ans b 55— 25T 0LL 5D
Slel bl gy ol 53 355 el (Jlo s 51 S)
5 rbs qlie IS (g0 lo) VYRS B VTAY elo s g i
2 UK slaiywe; (VoY liws,S oLl g lo 55l
s ] (gl piged (gl ol a8 § sl 5l Lo
5 (48,5 151) e gogaza 90 o o gl () JS)
5 Bl paige 5 (1 Jguz) bl (428,55 ,85T) sml s
2 byt & gl 5ol el 1S5 90 L ot les]
338 g0 3l 09 5n sloan T 5 S Cush, (S olsa
g Vo0 ) s S5V -+ LS § iy [S)
oS5l 1 10 e gl (sla Jome il 5 (V- 1A
Lade)lblj‘&go}Jw.m@QlialwlsLal?uw
o E55e il Bl (28, AT L S T o Lo
S T U B S
e 2 S 4

o g jgm i o g ol ol Lo (Yo o) Ko
Soanpld il 50,5 1y ey 65 ol s lnl 5o
Selydy g s pd g gladid 8l e teay (i
OMSis Eely a5 Cenl lapgol Gabp 5 g o 0n S sl
Ol g o0 oz AL 23 e (LS 0> ) iy
20k (BT Slgy azmiiys 5 lsld b 4 ez Lo
ST 6lp gaels byl 5 Lo 55 saz b0 ]
Sl jgm AT 4z 51358 o0 sl Jlow 05 slacls 5
WS 58 (595 Bl ye Ol el S Kz 3 00
Sismisl Saenily 5 Sasplee sl (shRghy 09SU
laJSiz ol Blae olse s Clols, S slocposas
3 Sigmuis| Slel 3 Jdoay cpl by aul saii sl
2ol slsls b ezl sl sldSir 5 Lag
o Saa b Giagh ol azl e (SB g af saililops,
S ‘S;.L',\.é S paie pIVAZLIYAY ol jgm il 3]
e 960597 Cnl S JSi 5 s e 50 piale B g Sy,
S5 sy 1 45 el gy i plol Loy a5l
GBSy 2 ST Dueail 5 Saegle aeolisS
oo S wilate ol 5 Sloly, oS lasd
J975 o 9 S 9w i] plp 0 (b slado e STy S
o ool 45 525 o e s o] oxsbs sl
laso,e cpl slply G pcmbn opae sloghy, Ol o
RCLE I S

L ygy g lge

9 Gadlaie

a8y 50 LS YV Coluw 4 )Ly )5 sazly o ol

HED olase oliw e 0390

£ i T ey e |7 )

FaYeeer FaFeeen Yadeses FaFeees

FaTeorn

BAsses Aeeee Fovees Fleves $Yeeen

610 paiges s xo g sidgh gt ConBgo ) IS

Freoen FFeens $Beser $Feees

@

ATk
@ 3



! el | wlasin -Y Jgos

G glis) olbdhaz cax () cwd oldlie o olihis Jsb  iemosl Jlo oS
AR e £E/4 Yaf.-fq goravy yyay |
Vof-. s Al yavfey-y #-¥vaa \yay Y
\YYY e ! Yavsyyy FeYYYY AAItA Y
\YAY & E 10 YAYavYAy Fe2YOA \vag ¥

OVAAY) opudgl s,y 45 S S pa b oY o) o), Ken
S s Sldse) JadaS o L S S (5945
ez 5051 b ools (6l s .o sauzew (VAAY
(@, il a3 Bolas Sl b b Jlale S
5550 Sl saelsaiz ee3l b o Kile (g4 slie
5 Y¥ IBM SPSS Statistics 138l 5 L %20 ol

A el Excel b ) loges ou,

Ot 45 ol (s Ay a5 (905] G4 ey
L 3l olyo i Lale Sig=2/-¥+ Ly Uil cslmoslail
U39 o y3 SI= /0t Lohy ol B Sig=e/e e
ey 5 S18=2/- VL JS ja b sig=+/r 0 L, IS
g A gu slads,e 0 8Ig=+/+FL S oozl
p9d sladle) Saepls (Jol Jlm) ©aaclisS )3 (anibs
DU (5908 5l o plez Jlo) Sosils 5 (ps s
A 55908 Comd slaojlail o Sglas Lol eogy o —ne
2 rb g i lads o o Sig= OV Ly b
5 (P 9 9o sladle) Sanplee (Jsl Jlow) SaeelisS
3558 o sine (S35l 5l g il JL) Soenitl,

(¥ Jso2)

OBIF UP9)
Slge adgi 9 SLS Gl 8 2lols; s Sesll sl—
sl sl (Bijkelkamp) )b sloacs ol o 3lee
3 ke ¥ddlane e (AL Ll b celite (201
(el G 5o (Vo VP )6 g (gaasms sounl ) 4230
A 38 55 185 93 )0 e Ve IV Qe ez b
Ao 5 Slols) L) 5l s> 550 Szs8 slacsz ez
OhSe 5 (re3)l) w3 oo K—taghy 4 0B fox (3las
w97l 5 ze5 Blae dlse 5 STols) ol (VY
Celw G Gae a4 )b o aida Ve e )b lwans
DB 03,8 g psleer 6 o (Sedy sk b
0995 5l G—ae ol clile 5 S35 (e, b lolsy po
R e O R R RULREL U K 3
300 sl VYA 5 0 Sl gl mdiges (Ve )
S gaiges )z (Ol jleand Coz ez 0 Sk L
LT 30,5 boglico L g b 42810 33 (e siiboo B ) _oxlans
ol 12 50 Egmme ;0 (inl b Al 4 (oS 5 (GigeS
Sl SB 0903 V7 (1S5 93 L (sl piged Joee 9)
30 S ladiges ol Ay S 5 gdiges A sl
Slr ek ¥ Sl (o100 b g 00,5 S5 Iga
ol (6 S 05ll b oolo] _al8_iyles] (slas 5ol
5 0k)) (palad @i g oliws b S 5l (Sodgl Zel

oo = )
@fﬂ% J @ﬁﬁ%
@ 9

@




P

LS g g b gras e 3 b yuiio by g4 305 (y903] @i =Y Jgoo

Sl 15 F Sl ol a2y R o ol o i
sig) odbdaslne Loy dh Gl e i e
e YY) VYVSALY - v DVSYVSNEY  2g S oo
YSAVY/+YA ¥ YEMVYIYA  mSasys  /fD olos,
£y VOAMABYYYY S
o WO OO/ +A v YAOVOY g5 oo
1A ¥ TA 7\ SN A% Glas Slge cile
£y B8+ /+ VY Js
e W 0-VAVIA v Y TR P
YYAIDA- ¥ WOVFYBAY  agSogs  c/FY o3y el b
£y 5-$3F/514 Js
e FIFAY JE v JJ-ay 8955 .
ey 1A SOV esSose /YD TS ol
Yo NOF Js (o)
e VWY/OFA v VYFY/AYS £ .
Y YAIR¥O VA SATER: j:i:; -1 e
Yo \VFYIAT - Js (PP
¥ FIVYD YYAS/AFY v A28 212 TP Sl
YAYE/- e YA OYMYIFE g Soss Y Sk
Yo VFRAOY/AY - Js (ppm)
oY Y/orY e ¥ e 55 O EUCPIREIERION
! A Jed s S0s  tIOA (N/P)
Yo oJeey Js

o3 Dl 4y aeelisS Sl Slpls, e (raliEl s,
alo l_m.a (/Y‘&) w‘ﬁ‘ R g Q_A_mx’).’ ‘5)9_.\»&‘
6@05; L_sd?u.u o‘)_o.ibd.» u‘ ‘5) )ld.a.a)_u.u )‘

L;’.o.».la 9 du.>5_~) 6L®M).C u.:‘ ‘9)J.u.su Qo )0 g US)‘.)
3 (P 9 pgs S Jlo) Saeisls (Jsl JLo) BoeolisS” s
QL Y US55 (im0t 5l ooz Jlo) Soeail,

Sl 00 00l

ST 3 g Slley Sloj pmads
s 3 g9 23T Jol o Jsbo yo l5lg, so3la—]
4S5 5o 5,5 o (A1) s sxe i3l (593
g.)—l . ‘9) ‘_go)‘..u \)9_» ).‘..J ‘51...;0 fV’ 09..\9 4.._‘>9.~u‘_§4.»4).c
(S350 5l ot oy 5 £ slalw) Saagles o
Saeails (o g )loo_hm S8 20V g VVIF s

ke ol plas FFY) s s Ll (ol JWo)

@

00 = &
(AT oo

= %



1000 - 160
E
., 800 - a .
o b 3
3 600 1 ab abc 7 _1‘120
3: bc abe 1
Y 400 - < 5
kS 2 80
~' 200 | 2,
o 3
.| .| .| T N Y g 40
351583 8
b b e b
3 3 3 3 0
! Y v ¥
(L) (35m0505T g9 31 3loj
G09S

7 99.5%

] 71.6%

57% 47%

1 2 3 4

(JLe) 8590357 23,5 51 5o

b b ylows ST lgy sliie juad g (Cowly) (SD £ 0o y8) (a4 S 4 g (sbrdio yo Ol ylg) jud Y S

SF9 Daedils U SaeolisS 5l las olge clale o158l asg,
(polez JLo) Saeails 5 (pg—w JLow) Sualis )3 9 092
M).)BQS.;‘\) (5&.2.305; o‘)_o.bdakjl.l.abls.cu.]alc)_u.u
P9 6LQJLMJ) UMQLA.A ‘(Js‘ JLMJ) ud.nol.»ﬁs L 6:.»...]0
IS8 53 (e ST 3l o polezr o) Saeails 5 (po 5

el 00l o0ls UL““‘“" Y

15 - <

E:‘ilz- gb :3‘
3% H 2
4 3
9, 6 a ab 3
,: a | a ’i
ok [0
0 £
IREEEREEE
3 3 3 3 2

) Y Y ¥

Jlo - e

-100 -

gl 51 gy Glro Slgo cile Gloj i
5 it Jsl o 5o Sloly; Blas slge clile
A5 5 poboty <0,y (AVVF) Jlooine (238l (559
2 eSS YN b sdo e 10 Blas dlge il Sl
25 i 50 e S UTA Sgu o ai g (a0 ye,0 5 ]
i 4 (35085 Sl o ey 5 29 sladle) Sepls
J) Saeails (o 5 FVAA 5 AA) s sne sloa i3l
obe a0l olas |y (AAY0) o sl a5l (ol

400 A
%198
%214
300 A %98
%125
200 A
100 -
0 T T T 1
1 % 3 4

(JL) @5t g9 51 e

.>|9.og.Ja.Lc).H.n3 (wl)) (SD:EM).))NQMMQM ‘sl.bd.m).: (GO Mydlaoélg‘ou.‘al:)ux—\" J&u
() 18 (gdu0g )5 gl b b jlo (gouliodsi (@hro

AT
@ 9

@




S g slodo,e )3 0hg Glabe 8 s nln ¥ 28l
p90 s Jlw) Sasplee o ol oad ools (lis b 4
5 Gl YA 5 VA o iy (555w T 5l o po— s
3 e 0l Las Gl VY S (o)l Jlow) Sowadds o
sledlo ;o (Jgl Jlo )0 059 Lialaw,d (aalidl o 5 i
el 3 Lol s o glaglog o )lez 5 ps—w pso
a balys jsie siem il ess 5l Sl ez 5l o

ool LSSy s

150 ~ c 500
120
400
300

g

pﬂ_|m
I
H—
I
Hiho

(Saebo 30 @230 50 53 055) o329 Glao Slge
o
(=]
b
HITH ©
o
s

(SD £l 35 2o g0 ko 30 0 55) 0319 (Bl Slgo

i B
IR I
A R A o
\ Y A ¥
Jlo - e

SigmmiT 51 g 0309 Gl 8 (Gloj i
Qo3 5 SIS (ga 05,5 ol s 05 g ialw 3 logal
y° Gv.....]o 9 4.._‘>9_..u GLQM).C 60)_b9 d.l.'.n 0‘9.9 )_H_u
3 (pg 9 p93 S Jlw) Saesls (J3l Jlow) DowolisS
L TS5 8 (i9miiST 5l o e Jmw) Sotasily
Jol Jlo j0 a8 0l aseine (igh pl jo .Cul oals oold
03,5 Iy I ime alidl o5y (el B ke (555 23]
35 6 gmsi T (6598 sl il Koo & le 4y (YN F) el

%298
%314 %198
T %226
1 2 3 4

(JW) igm ST g9 31 oyl

l.b)Lm; 13T d.l.uo .>|9.o ).»...v 9 (u.w‘)) (SD = M).)) ‘_;v.u.b A S 4..99.«; ‘sl.kw).: )o0%9 d.l.tn 0‘9.0 ).u.n -¥f J&w
() Sl (o S b

A0 Tl e pes Lo o ‘{v/\? ST Jol Jlo
3992 5151 o p)lez Jbo 0 5 ZFNIF T 51 oy pome Jlo
e Jol Jlo 5o s ol (O JS2) ols las xo 58l AR
loaxe Daeaids jo Lol il 508 SawelisS jo lej cubds
ol slayesls QM&‘}T olese !y Q—l Jdo sl ol
S o] padenS 5 5 2aSB (ud Sas ( JT olse |l
Ol 5 §58) (o yews Hind sl ol sles o

) (Yo o)
&S obbds e oSS Su bzl sl e uly jlade
Gm...lo LSLQM).C )| ).vu.u...) Cowl 0l C) Q‘ B 6)3..»0....."
ool Ul 5 AVVIF pow Jlo LEYIY pgs Jlow LEAIP
Ohle 4 (0 JSb) canl oy Las ol AR Sgus
9 oSl el RPN S e (Saeples

s ol pendy S 611;\1: S ace Jlade i Jloges
A g sldas,e 0 oyl s aoys g 5SSl (goseg S
JSS 50 (gt 5l m polez JLo) awails 5 (pga 5
3 S S 5950 45 6 gk .l sl sols L5 O
://w? ol 5l om pge Jlew ‘/_"‘ ST gody Jlow
LIS &1 5 G ooz Jlo 5 28VIF T 5 g pogw Jlo
szs-«»ui'ﬁ] ,...l.» aS o ASas UJIJ.,L..‘ a)S L.\.... u*...l)sl
F 5l i) Sawdids o > S S e 0 vy
u,,_,ljsl Ql S s LS...*S).. @Mlo | B A (Jl
SE 50 Gigre sloeaS 5 el 13 slo paie o ST
059555 el 8l a8l coles )0 g (559wt ST
e liSe sla Jlw jo i “lj.él Q.,“l el S J
S p s b4 328 Gl e |y ol Juds 5 el 08,8
g Al sl JSo 4 WS 5 (VAAP IS 9 z9—2)

Sl (Ve oo ) il S L ol o sleal
IS e e ol s ]38l (gonimolis uegh

@

ATk
@ 3



g Ll cusls gyl pxe 22l5 (5,98 sl ) 655 5]
S g (Loeaids 9 Sawyleo _(_;LQJS‘I) o sla Jw
Jdo oV Jgaz) ols olis g5zl LMM, Sl g 0l oge
o365 sl 5D Jsl Sl 5o s (ol o ialS
33950 8l A Cans (AYAP) yind so3lasl 5 i lnns
B35 3l g gyl (Vo) o S g 8l) el (28Y)

0395 St Gl b Daeaddy 5 SaeclisS o ol
G A guw Sl S j0 a8 gojlasl iolidl 4y o s
aa3 o olis AFIF B ANE s el i3l s 4

(O s

(2039) S5 (39 i il
°© © o o o
[ VR P 74

)

B
=)

w
o

bc

(PPM) S b il
- oN
5 B

o

b
wisy
b
by il
b

(JLo) (s9m5T 9 3 oo

g

ab
abc abc

N
8

(W0y3) S unliy cdale
Noow
8 8

g

o

(JLo) gl g9 51 oo

(Jl) s gl 305 31 o

slo 5 (39wl 3l e Jl ez (o VTAY o
Sk Gadgll gl alil i SeS (Daeaids
Slade WS (g5 il 5l polez Jlow jo il 00y
b 5 43 (saihate 90 ( (Fo—dgl Al pe—uliy
iS5l geamslis )] cmals wig, Lol cowl 3L 40
oralS ol ol 4l 2l @ bl s
oLS j0 ol (b pan 5 Sadgl Sl el (250
S gy 32 (VYA )02 ¢ 50801 ol ooty ausls
5 b ooy 90 0 NIP) SLs i b0 (59558
sl Jlms 50 Cas ol ol as ols oL ss a8 5 251

140 -

%806 %67.5
%69 %61.6

-
N
o

100 -
80
60 -
40
20 A

(S.D % 0) S S (13 5 Oy

o

1 2 3 4
(L) 8330031 €355 31 las

500 -

%286

be 400
300 -

%48.7
200 A

%60.2
100 4

-
n
-~

-100 A

(5D £ y3) S S yhd Ol yasis
3
@
@

¥ -200 o
(JL) ($)gmist E900 51 ploj

120 A
%48.6
100 -

%62.3

80 -

60 -

40 -

20 -

(5D £ 00 2) 515 iy O s

2 3 4

-20 -
(L) (555 | €950 31 oley

80 4
%8.7
60 o /'
40 A %9.4

20 - %4.6

-20 4
-40 -

-60 -

(5.0 o8] piand dy ()39 P Conds Oy’

%-56.2
-80 - -
(L) 55T g9% 51 oles

‘SLE).A.S.:)A.E.AMS (Ca.mb) SD + M)Q)Nuwww ‘stbauﬂa.;o s_fla‘sﬂd.c ‘sl-b)ua;.c”.gi.'v'—b Jﬂ.w
(e2) OIS Guigeg,5 g 4B g g (b SLrdo o S ol3d

AT
@ 3

@




JLo ¥ 6D o1 5 i S VIO B 10w o yiT
s 20,5 a0l (555l 5 5l Sl ¥ 51 s
Ll 3,0 Jled 5o (V1 P) o Sen 5 Swgs Gimgy
5 Jsl ol o Glas dlge alg Lawgie a5 ol olis 5
Jlo )2 45 39 iS50 5 Y g Ve (Ggm ST 5l pgs
28l pals LS o o5 o) 4 (55w STl ey ey
a5 By 4z (pl 4 (V1) () g b9 5o
clds o o Bleo olge clale o S iole )8 lade
)18 rb glads e 4 o (5)lo cre T84S g
Claglay 09> b as aole Lci (Y+19) ) Ke 4 5
cbale 659wl o Jlow Ve dajsel oo pdihaie
Sy srwb bas e 5l i A8F o8 59 slas Slge
9 ol (Ll slaglwgs o aagh cnl s
iS55k 5 ST 5l g s Yoz o S S
~ it s b ioaeaily 5 o b o 4 Ll
g K pel 53 Islrge Gl 55 (V410) oo 5 55l
o olo Cadn S5 (59,05 (6 0l 90 ialdl 55 LT el
o 5 b A 4 bl 2iKSp g 5igw ST
g gls sl lii 1) giaw sl 5l Lo ¥ clds sl
aly olid 50 e sl Xz 0 (Y4VF) o, a5 o)
399> (59— 513y Alold o S5 S (59555 45
byl b 4 5 Jl Jlez 5l o g iy ul381 ol g0
Lo 5 (050 gk i bl LSS ) (rnb
V ol 5 Ul aS g 5bas cl 5o 55 (V2VY)
233,831 (659m ST 5l 1 S ST 3958 s 0l
MalS (Y VA) )5 s 9 S (g4 b g o
U5 30 50 Gialidl ZVAY 5 BT aST 2 o s caislla
TR 5 (539miT 5l g 2holigr wiS g slodo,e S
Fdbme MY a2 5l (S IS 039555 50 il
23,8 5155 ) (g9 ]

lols o gy (nl ) endiodaline I8 jand ol l5)
&> b A a bls Sk g el
2 b Blhe (Ge—w i 5l Jlow F) asjlyo 5o
28,5 ol 5 bl ol (YN F) o8 g g5 g’
s S B 5 im0 5l g aloll o S S il o8
b slads,e o JS i lade 5l s ol 5l e
FpS S 99,5 o0 oy Ny oley LubdS L el el
Siboh s Ded oo b Glaas,e IS el jlais |
78S e 0o slegi e o (VoVF) () San 5 (5395l
Ll 4 o eS53k 5 ped jlade (al Bl goaim i
@ ol (559l Jlo £ 20338l oy (G (ol
P TN Ghles s S5 ipgh mlo b gl o)

P

S5 Azl g Sy
L;l.‘b‘_}i;.? 5 6)5—"’0“-" )| o A.L,aléu_g ‘."Q‘B) ‘_go)'L.\.S‘
Lol Bl o8l o, A/ )L ,5 saxb o sl bl
i Sl o plez 5 poe s ladlos 5
LKoo &l ol & o o Ll 3l ZFY 50V Y /7
S5 e ail 4y SasolisS ol lyy Saliél W, 45
Laly 5500 59motT 5 Jlos Jlaz cdS 5l g 5
59 g ool K2 (59— ATl (ol 2l o,
il s (Y JSs) ams oo las Gl 31 ZAYD Ol
(PLS by (i Bi «(gismT g58s ) o 210y,
oo p Sl wsd S olb slee lad L5658l
Oidigy ool b Jlow w0 loy cndS L Ll (Y- 1\ F
Slolyy Jlade (S mhaw S sody Gl g 2L
oJl5S gugd e bl sl Al alS sa_bades
aS olo i o ailihon gddlaie ;o (Y+YA) o) 4
5 e Gl (5m T 5l Gy Jsl Sl 90 50 Sl
g a3l ail hae jo aS wisls lis 55 (Y- - V)
sk @izl sl 1o (VVP) S an 5 oval
320l AR YIY bagie jsboas Ololy; (655wt 51
Clolsy Sloy sets sosl )3 oaplwl mghy Vo g5
Clolsy Gl Js5 5 <3l W) «s55m AT 5l
Ol Ghmgsy ol @l 00,8 4l o1 5l ey Jlo 4w B,
p I dme a8l cely S SIS jebas as ols
Slaas e o Sawail o Olyly, b oo Jiie las dlge
4.7;‘ NG P W ‘SI.A.JO 6L®d..o)$ A S c\.a_‘>9_..u
Kdo,e 00y wl_w).e IS L,’_M\.:YL») ‘_ngul_w}s
337480 el 515 58 sab (sdo e & Cons S
ol o g (Rl 65w 5 5l G Sl Sl Job
o Slolyy curs Gl as Glsiee |y o s ol
S sp,Sol Jdows Ol 345 rals (2L il g
sl jiegh gaomad (Voo 1)K g ) olo s
Gadsgl Lol ,d as ols las 55 (Ve 2 A) ol ) 5 by
b&@MUQ‘@Q@¢%uH@QT}‘M5
o= A.Lolsu_: (50,90 )LQ> 5o ‘) u,“.:l_w).% 6o)|w‘ u“.,lj_el

<>

ATk
@ 3



o JS i a5 wisls flas e Jled cla S o S
YV i Siam il 5l g alols o S S (5503
GamiiS T 5l Jle VY C 38 51 e g e ial38 AVAY
il oabs sLvdo o 4y car w3 LFD 55 s Sy
S (NP yad ab (59 0 G ol bl a ks
Saeaidy joly QT gy 9 iyl ok s SaeolisS yo |,
il Jo3

la 5l Wilgs o (659w ST 45 aBs o Gl A (]
ASb asls S a8 g e Jols p o SYeb
aS audly yo 09 gk 4 5 (YY) LS an 4 L
(e s LIS o e Gl 4 e (555 ]
A g g5 00 NIP o a2 B pals 5 S
ST (2L by eyl 4 dinn o fl ol o5 w5
sl Dgliie S g 6olS 3,953l 5 (559m 5]
S39m0isT Sl gearmos s (hegh ol s ggemme 50
Blao Sls—o o> Olly, (gojlal il IS lay
el 9 JS (390 oS yid (Ol Gl b oo Janie
w9 ol 5 Jlo T eddS 5l o > S Sl S
& Ly Jl ez 5l oy S iy sojlol e
e syl e arg b nlpls o iS5k b I
oaizl slaiaghy 53 955 o0 Slotiny §ismstST Drenily
e slepaie 5 Olyly) Lo e b Jie 3las slge Sl
o k) 4zl el Coxdy p S
ol 59§39 tST 5l (AL (amatin§ lacanl B 052
D9 S50 Yy plassS|

il B ZYYA 55 G s ls cillas SlS K6 sla S5
SISl g 1 S e 55 Gl PR 5 (g5 25T
Qools UL.,; ‘) 6)9MUNT )'| JL.: AR

gl il el Slade (iol8l o g cpl il
95 oMeg3 i b Gl adgl > o Ll 5 o285k
iy 457 0355 2ol 55 bT ol (V) E) ) San
as Ll el x sl s 51 i o] 51 g Sl S
Sl 3l Jlo i 5l e 9005 oo (Jo Ny
Sloas e SB Szl gl el e 5| 508 >
Sbyl )0 55 (VVA) G, Sen 5 0sSil 8 050 co ando
gl il pnly 50 S s joas wssls lid ¢
s cl b laas e 5l 5 6l s jeboa
PN s 5 SIS Jiogh malo b Giegh ol
Sawd b3l s LT ol el 55 U Lo JKix
5 S350l 5l o aloli g ai s sloac e S S
Sl 989 5 e Jlmw VY B (1 (20l381 Jg55 o5,
50,8 G915,

S o a5 (59555 Camd g G ] Bl oy s
sl g Jol Jlow o1y o1 ls e aals a s (N/P)
i Lol plss 659wl 5l Jlow Jloz U 5zl
2l Glayaie (S5 p (5w S| Goeail sl S

00 = &
@fﬂ% J @ﬁﬁ%
& Q

@




Alcafiiz M, Outeiro L, Francos M, Ubeda X.
2018. Effects of prescribed fires on soil prop-
erties: A review. Science of the Total Envi-
ronment. 613-614: 944-957

Ardakani A, Valadanzooj MJ, Mansourian A.
2010. Spatial analysis of fire potential in Iran
different region by using RS and GIS. Jour-
nal of Environmental Studies. 35(52): 25-34.

Baartman JEM, Masselink R, Keesstra SD,
Temme AJAM. 2013. Linking landscape
morphological complexity and sediment
connectivity. Earth Surface Processes and
Landforms. 38(12): 1457-1471.

Badia D, Sanchez C, Aznar JM, Marti C. 2015.
Post-fire hillslope log debris dams for runoff
and erosion mitigation in the semiarid Ebro
Basin. Geoderma. 237-238: 298-307.

Bremner JM, Mulvaney CS. 1982. Methods of
soil analysis. Part 2. Chemical and micro-
biological properties. American Society of
Agronomy, Soil Science Society of America,
Madison, Wisconsin.

Butler OM, Lewis T, Chen CR. 2017. Fire alters
soil labile stoichiometry and litter nutrients
in Australian eucalypt forests. Journal of the
International Association of Wildland Fire.
26(9): 783-788.

Certini G. 2005. Effects of fire on properties
of forest soils: a review. Oecologia. 143(1):
1-10.

Davoudi M, Hajabbasi MA, Mosaddeghi MR,
Iravani M. 2016. Residual effects of burnings
on some soil chemical properties in a pasture
in the central Zagros. Iranian Journal of Soil
Research. 30(2): 227-236. (In Persian).

Department of Natural Resources and Water-
shed Management of Kurdistan Province.
2017. Data and information on fires in Kurd-
istan province from 2014 to 2017. 12 p. (In
Persian).

&l Cow i

Ebrahimi Mohammadi sh, Azari M, Manooch-
ehri E. 2016. Effects of fire on soil properties,
erosion and hydrologic regime of Zrebar lake
watershed. Journal of Water and Soil. 30(2):
618-631. (In Persian).

Fernelius KJ, Madsen MD, Hopkins BG, Bansal
Sh, Anderson VJ, Eggett DL, Roundy BA. 2017.
Post-fire interactions between soil water repel-
lency, soil fertility and plant growth in soil col-
lected from a burned pinon-juniper woodland.
Journal of Arid Environments. 114: 98—109.

Francos MX, Ubeda Pereira P, Alcaiiiz M. 2018.
Long-term impact of wildfire on soils exposed
to different fire severities. A case study in Cadi-
retes Massif (NE Iberian Peninsula). Science of
the Total Environment. 615: 664—671.

Fuentes-Ramirez A, Schafer JL, Mudrak EL, Schat
M, Parag HA, Holzapfel C, Moloney KA. 2015.
Spatio-temporal impacts of fire on soil nutrient
availability in Larrea tridentata shrublands of
the Mojave Desert, USA. Geoderma. 259-260:
126-133.

Griffiths RP, Madritch MD, Swanson AK. 2009.
The effects of topography on forest soil char-
acteristics in the Oregon Cascade Mountains
(USA): implications for the effects of climate
change on soil properties. Forest Ecology and
Management. 257: 1-7.

Guinto DF, Xu ZH, House APN, Saffigna PG.
2001. Soil chemical properties and Forest floor
nutrients under repeated prescribed-burning in
eucalypt forest of South-East Queensland, Aus-
tralia. New Zealand Journal of Forestry Sci-
ence. 31(2): 170-187.

Giisewell, S, Koerselman, W. 2002. Variation in
nitrogen and phosphorus concentrations of wet-
land plants. Perspectives in Plant Ecology, Evo-
lution and Systematics. 5(1): 37-61.

Hamman ST, Burke IC, Knapp EE. 2008. Soil
nutrients and microbial activity after early and

@

ATk
@ 3



late season prescribed burns in a Sierra Nevada
mixed conifer forest. Forest Ecology and Man-
agement. 256: 367-374.

Hueso- Gonzalez P, Martinez-Murillo JF, Ruiz-
Sinoga JD. 2018. Prescribed fire impacts on
soil properties, overland flow and sediment
transport in a Mediterranean forest: A 5 year
study. Science of the Total Environment.636:
1480-1489.

Kennard DK, Gholz HL. 2001. Effects of high-in-
tensity fires on soil properties and plant growth
in a Bolivian dry forest. Plant and Soil., 234:
119-129.

Kong JJ, Yang J, Bai E. 2018. Long-term effects
of wildfire on available soil nutrient compo-
sition and stoichiometry in a Chinese boreal
forest. Science of the Total Environment. 642:
1353-1361.

Kong JJ, Yang J, Chu H, Xiang X. 2015. Effects of
wildfire and topography on soil nitrogen avail-
ability in a boreal larch forest of northeastern
China. International Journal of Wildland Fire.
24(3): 433442

Larsen 1J, MacDonald LH, Brown E, Rough D,
Welsh M, Pietraszek JH, Libohova Z, Bena-
vides-Solorio JD, Schaffrath K. 2009. Causes
of post-fire runoff and erosion: water repellen-
cy, cover, or soil sealing?. Soil Science Society
of America Journal. 73(4): 1393-1407.

LiuW, QiL, Fang Y, Yang J. 2016. Wildfire effects
on ecosystem nitrogen cycling in a Chinese bo-
real larch forest, revealed by 15N natural abun-
dance. Biogeo Sciences Discuss, https://doi.
org/10.5194/bg-2016-91.

Lucas-Borja ME, Plaza-Alvarez PA, Gonzales-
Romero J, Sagra J, Alfaro-Sanchez R, Zema
DA, Moya D, de Ias Hera J. 2019. Short-term
effects of prescribed burning in Mediterranean
pine plantations on surface runoff, soil erosion
and water quality of runoff. Science of the Total

Environment. 674: 615—-622.

Mahmoodi A, Boostani HR, 2017. Investigation
of the fire effect on some nutrient availabil-
ity and chemical properties of a rangeland soil
(case study: Morvarid rangeland, Darab region).
Desert Ecosystem Engineering Journal., 6(16):
35-48. (In Persian).

Mataix-Solera J, Cerda A, Arcenegui V, Jordan A,
Zavala LM. 2011. Fire effects on soil aggrega-
tion: a review. Earth-Science Reviews. 109(1—
2): 44-60.

Mayor AG, Bautista S, Llovet J, Bellot J. 2007.
Post-fire hydrological and erosional responses
of a Mediterranean landscape: seven years of
catchment-scale dynamics. Catena. 71(1): 68—
75.

Nguyen ChT. 2011. Effects of a prescribed fire on
soil nutrient pools in the pine rockland forest
ecosystem. PhD thesis, University of Florida.
288 p.

Noske PJ, Lane PNJ, Nyman, Sheridan GJ. 2016.
Effect of aridity in controlling the magnitude
of runoff and erosion after wildfire, Water Re-
sources Research. 52(6): 4338—-4357.

Olsen SR.1982. Methods of soil analysis part 2.
Second edition. Agronomy. 1143 p.

Pausas JG, Llovet J, Rodrigo A, Vallejo R. 2008.
Are wildfires a disaster in the Mediterranean ba-
sin? — A review. International Journal of Wild-
land Fire. 17(6): 713-723.

Ranalli AJ. 2004. A summary of the scientific lit-
erature on the effects of fire on the concentration
of nutrients in surface waters. Open-File Report,
U.S. Geological Survey, Reston, Virginia. 27 p.

Ryan J, Estefan G, Rashid A. 2001. Soil and plant
analysis laboratory manual. 2nd ed. Jointly pub-
lished by the International Centre Agricultural
Research in Dry Areas (ICARDA), Aleppo,
Syria and National Agric. Res. Centre (NARC),
Islamabad. 172 p.

Schafer JL, Mack MC. 2010. Short-term effects

AT
@ 9

Vi




of fire on soil and plant nutrient in palmetto
flatwoods. Plant and Soil, 334: 433-447.
https://doi.org/10.1007/s11104-010-0394-2

Schafer JL, Mack MC. 2013. Effects of time-
since-fire on soil nutrient dynamics in Flor-
ida scrubby flatwoods. Florida Scientist.
76(3): 417-435.

Schoch P. Binkley D. 1986. Prescribed burn-
ing increased nitrogen availability in a ma-
ture loblolly pine stand. Forest Ecology and
Management. 14(1): 13-22.

Shakesby RA. 2011. Post-wildfire soil erosion
in the Mediterranean: Review and future re-
search directions. Earth-Science Reviews.
105(3—4): 71-100.

Stoof CR, Ferreira AJD, Mol W, Van den Berg
J, De Kort A, Drooger S, Slingerland EC,
Mansholt AU, Ferreira CSS, Ritsema ClJ.
2015. Soil surface changes increase runoff
and erosion risk after a low—moderate sever-

P

ity fire. Geoderma, 239-240:58—67.

Vieira DCS, Fernandez C, Vega J, Keizer JJ. 2015.
Does soil burn severity affect the postfire runoff
and interrill erosion response? A review based
on meta-analysis of field rainfall simulation
data. Journal of Hydrology, 523: 452—-464.

Walling DE, Collins AL, Sichingabula HA, Leeks
GJL. 2001. Integrated assessment of catch-
ment suspended sediment budget: a Zambian
example. Land Degradation and Development.
12(5): 387-415.

Xue L, Li Q, Chen H. 2014. Effects of a wildfire
on selected physical, chemical and biochemical
soil properties in a pinus massoniana forest in
south China. Forests. 5(12): 2947-2966.

Yu M, Bishop TFA, Van Ogtrop FF. 2019. Assess-
ment of the decadal impact of wildfire on water
quality in forested catchments. Water. 11(3):
533. https://doi.org/10. 3390 /w11030533.

®

(o0}

&

00 = &
AT Y

&



Watershed Management Research

VOL. 33, No. 2, Ser. No: 127, Summer 2020, pp. 52 -65
DOI: 10.22092/wmej.2019.126995.1243

Temporal variations of runoff, erosion and soil nutrients affected

by fires in oak forests of Lake Zaribar

Iraj Alli

M.Sc. Student of Watershed Management, Faculty of Natural Resources, University of Kurdistan.
Shirko Ebrahimi Mohammadi

(Corresponding Author)* Assistant Professor, Faculty of Natural Resources, University of Kurdistan.
Masoud Davari

Assistant Pprofessor, Faculty of Agriculture, University of Kurdistan.

*Corresponding Author Email: shirkoebrahimi@uok.ac.ir
Received: 11 July 2019 Accepted: 17 December 2019

Abstract

Fires cause physical, chemical and biological changes in the soil such as porosity, specific gravity,
infiltration rate, runoff, erosion, pH and nutrient cycling. The Eijkelkamp rainfall simulator and
0.09 m2 plots were used to investigate the temporal variations of runoff, erosion, suspended load
concentration and the amount of total nitrogen, total phosphorus, and extractable soil potassium,
and finally, how the burned areas in the Zarivar Lake Watershed returned to the previous conditions
from 2014 to 2017 were analyzed. Results at the 95% confidence level showed a two-fold increase
in the runoff in the short term, and a decreasing trend in the long term. The suspended load removed
from the plots increased threefold in the short term. The fire also significantly increased total nitro-
gen, total phosphorus, and extractable potassium in the first year by 70, 286 and 48%, respectively.
But in the long term, only the extractable potassium returned to the normal condition. Therefore, it
was found that, after four years of fire in the oak forests of the Zaribar Lake Watershed, except for
the suspended load concentration and extractable potassium, the other variables did not return to
the normal conditions.
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