srb ol ouSCisls
Ol xd oSl

DOI: 10.22059/jtwp.2021.329570.1184

O‘)ﬁl u’*‘b C.gl.l.o Ao oS ‘_gl.mbﬁi).é ) Jio
VF-) uLu.u)lJ Y E)Low) YO 3)9.)

(imgi) V+0-20 o

30 Alocdn 3y93 (b JT 19,5 Camdg g T (b Sluogas p iS9z Olilos 156

39y S (3,5

TS VER PO B PSP RY-PIARN TR B P
olnl @S ol oKty (ormde ailie 50Stils (i cwiige dui )] ol IS (s goeiils )
ol @S ol olKails  oamb ailie 50Stils (JKin olatdl g (6 JalKi 09,5 obiwl .Y
olnl @S oolys olasls (65,5LeS (5 ,9lid g owdigs 5SSl (S5 pole  cwiige 09,5 obiwl ¥

VE /AN gy Gl VF e [o50 el g

oS>
5353505 Caenl a5 ol bl Jolse 51Tl 2alS (gl sl s K (6ol e e slacdles 3L L5
b S et 5 S Dot Sk B e S e B8 o SR ol S 2l
33 NS s 58U b 51 s ol 3 el gt s s el Ko S e s b s
ar_i)&:é\f”QJ_.';u&dbg,j.aj@‘p‘&i)di&{ﬁj\m.lf@u)ou)c;»JAL:LA)Lm::)JJnu;J
Vo s &A.o);é@ﬁgﬁé;l:&tﬁ@b.:ﬁ(éﬂéb\“ Gy j\:UJLp)ng'-&ap}(:lﬁjlaM}:,e
o o 35S U (S S Sle s 5 odd ele sl e Sle Y B Gas Sl 2ty (e Sl
JUUVRPI TN - U V- PP PRI I SPRCIIV IPCRA SV i ) GO | PRPURS Sty VTGOV TN (RO { PPN
3l 0Las i3S Sl ey Jal Jlw gy o 1 2Ll Ly Il i (b T 85k 5lde 553 g0 0ss 2S5
S I aiedalie 2SS s 5 dald Ailae ST 83l e (13 ome Dl w2ia Dl 3 &S (5 5ba,
G laal 3y 3 g5 glome Aals Bl 5 Jlisbe Jltie 51 2aS Slao Jol Jl 2500 e 5 JT i3l It
o il s S slaaasiie 5 3l e e Al dil S Sloar S Lk oS sl 0L

S e S isle (St Sy S (s 2 o s o 1S glaelly

5 S Ve s 5 Sl ek
5 La s ks s oo falS S s
OF 550 LS 5 elile BL 835 0> ol claasl
Ao s suslals SalS 5 (Uil 5 o SRl
5 edel Sl S s [F X5 eb, K ol
s Em bl b ols e VT pmile 33,5 il
Sl Clle ol s el ol s Sbt 0 (o)l

ke (Sawsmanas 5 ks 5 Sl 2 55 s 5 Jls

dadle
VT il (1 o Sl O gl 150 21581 L
s asnes S (ooslaar Hsbiwan ity 5 5K
23 Je (S Sl s Gkl o Sle sk
o=l 3 1 el OIS S Wb e 4 S HSa

ol glaaal a3l [Y O] 0550 e dods W s

SYEVYYFAVVY 42l ¢ gfus Bl g *
Email: mjgholami@ut.ac.ir



WV Ll o 3yloud VO 880 ¢l (crude molio dloes cog> dL:boJ)BT)é 5 S a5

S ol s S Ol Ko g daulsa (Ko
= S [P0 AT spi e 5bs bl glub
AU S (S5dam s bt (S ol e
5 6osbr Ll 5l S e S sl VY] 5,08
05 Dlagrse 5 ol 5 4 il ol e > alS
TSP W P C I IO [N PP ESNY PR S g JESON
30 53 Ol 35S b sl 55, St b ol
2ol CndS 5 sk IS C b S w O
sl im0 5lad e LaalaSs sl 5 S
0l Sl s Gleaw dle o 5530 Jool> SLS 5
SL b sud sy mls s il 0 KU
S e LS el S (S sS Apd
Snlos oS5 oy St JI o S V] el St
22 5303 Sl b a8 35 0 03,0 (S s 53
22 am Dl 5 S B 5 (o see sl
5 S e [VF 0] Gl ol et e 5 hal]
S gplol s oS S sl il
S sl ablis 5 cusb) 8,503 (g p sl 5 s
DAWT sls cte 136 ol 5 o la b ol 0

S e U s R ) S
Slmo gz o5l It 5 A gy omes 5 (s
(ks (g AL o s o Jold S (S5
T S e 5 SLs el oS pH oy,
S5 el 51 S Ol S s
Sl s 53> SL gl 5 SN Dl s
el e gladle b s

s 03 sy eadlae (pl 3 Sl 4 e S L
Mﬁ\)g‘uﬁ¢@wug_aouﬁ,
23 S S Slo a5 (T S S
Sl cis e a8l e i sla s
—ia s sl Ko 3l S G 53 S
A s (gt K)ok mibie 8082l

B Jdss (el o oS15 I Al e eSS
Gl (35850 et 5l aSS RS pl s e
ced b als V]S ols 830 ks
sloacdls el s 5 [V SLs s T S
oAl e S ST [F] o e S S5 s
el a8 3 e e SUs (g pdLs i 5 3 e oo b
S G b 3l S Cosb RalS ams 5s 5 Sl
Sl 5 alyy Bl s e OF (1Al dn s [F 0]
5 s Jals syl o sl gdae slge ol Gl
Lol 15,500 st b sls S (38 Vsl
Sl Ol s &y [F O] ol S 505 Sls g e
03 5 o0l 3hs Jole 4 plde slge Ol 5 358 5 AL,
Ay s Jlss alS sl Glile S (Su S 4
[A] el e s dl
et S35 Sy VT ile 55 e 5 g S
bl ol St gl (K O35 am 5 by S
5 oP st Gl aS sy e (SansS ol
D STy o 5s 1y eSS Sud 5,5
SLs gplol his 53 ege ol SlSE gl
Shbals coul Jasecn s gla s o &b
3R N alsn s 5s o (Sb CBli- G b
Ao s ek sl el LIS (Gl aeen
(S s ASle S gla S5s 5l gles 1S dls
O R B B e e
Loy pulad oy g Coglie 5 Slgyds colia
i, s 55 S Olatla [F O] cnd O
Olazt b ol [NV ] 50 S T asle b anitens
LS5 b 5K o el @ bgs ST ool 5 St
ol e gee OIS 0555 JT o S (Sl Olaxsla
L2 O3St 5 OIS 5y o s 1 (S5 5 5ba
3 S i D 50 5 05 d e L lable

G 3l s DYT Il o ials T S 0 pesliinS]



W

Sy Sz il)S s 5 s byg> (b T oS Candg g SB (S5 Sluosal 1 (i Sllas 550

GRS 59,
;}l_"b.-).ﬁ u:_;)icu )‘J_bjtu)\jw&;b)‘.b‘
)MW&)\JJJ@)&J&EAC»}W}M}{.CF
LLE s jasein (gl pas gl Jome il Ol s
Sl (gl e 50 B Ol pea OLSy b gl s
b Ao s aoad Sl 3 B S g Slatiia
GPS Lvy 35 0L o oldl s Clasiin ad oS
3 S S S sl e sl e s d S
Q;M&Q::}Qupgsﬁ&ﬁtbﬁ.\%d‘%
LJQJJJHQMQLEEAM)JJAJJ{)MW
j\‘zzﬁduaumﬁjs.uﬁrw\éjbﬂ
DA Ol geas sl 52 4 83505 AR s S
)J}Aﬁéhﬂd\_@i‘}@&b@\b%}))ﬁ
J_EJ);VJJJJJQJJJ);M{@MCB&):JQ:)J
&)Qézj)j)l@&ﬁﬂw&@w@wﬁ
Asa § s das e 355 s (Lo d sy b
U5 calsmsl Aol Ll 5 5 (tass ol (5,15 4 o
L“Vj\d)\aﬂujg}&ud@;ﬂmwgu;j)hs
J—A\)Jdd)}b“‘@}f&)%&t}d@}f‘hﬂ
[COR W ST W S WO @S 235 DA aw Slldle
wé__zgj_:ﬁa~—\~~djbgwjlwnﬁ
L;Lacjg-:))sdésbaiwlaqdbmjjmmjﬁ
.Md)bﬂd)&i ucﬁ Lu})b))v\,:g,ﬁ‘ﬁmwb)%
307V G 53 Sl s gad (13 g A 3 romes
‘_;)\;ﬁa_'r;j.x_;@jﬁéﬁdul_w%—h

Wiﬁﬁéhwjdph lLaUL{J@LidLa&)»J

SN XPRIRY
3 S S Slogas e s GRS )
T cll b i s 5o I o S s
)T’\' LY’\A ARl J—w)lf:)l—@?,_.")J utsjs‘b LJL.«V)O
el iy = el S ol S s T
Bl slols 5 Sl g )il pl sl S 2350
b‘;&ub‘))/\/fbul_‘w@)‘))b)bbﬂ)
@)JQ}JF}‘C@)\L&}&@‘
UJ.A\YYY C}JJLM:‘J.ZA\Y" dj‘dua.l..lé)bﬂd}oi
cb_ﬂj‘ﬂ\\v?ﬁ_ﬂd\_.ﬂjﬂ\';o@db
JSS‘JJ- LJ_:A Voo li)bc}zw)‘ Cw)\ J;‘.l?— .&;‘.wti)é
Cgr ol 2 VVOY O SKle 5 2 VYYA O
S 5 GOl el SO dals L e
o lagie 5 o VF 500 S San (ol pased
.Ca_w‘J_..p‘)J \V Sgd>= 32 d)‘b;ﬂb}a; d:&.:ﬁ-w
Lo A VO 5l (guls pad ges sl e o ‘_;Miﬁclj
N3y 3d SlaJos idinzb 5Kk 5 03 e
DS b des 5 ALS a6 8ol Ao s A
6uu)§)(u)>V~)jHu(M)> 9')&‘)&_,.“.9
S el .l el 1S5 (Ao Ve spus) Koo
er.bLLMJJMUMJL;;&ﬁ-LQLAMJJ
Q)HMWM‘)‘&)‘JﬂG*w‘&Aw)
C)J_>- &L_-| ebw‘bbb‘e“x} QL’Z})J (5)‘J§4JL.:~5
u—igi}’:p-:—”'ﬂ*”)‘ﬁ“—;ﬁﬁﬁqﬂj—"“%‘“t‘t—“:&:ﬂli
JB5las 0 UY (o, 4 adls o ams 3 )
S (SaaNE iz Al s Lo (o 1S wLES

OLBw sl WY 5550 s 5 0 S5LS VYV O35



WV Ll o 3yloud VO 880 ¢l (crude molio dloes cog> dL:boJ)BT)é 5 S

T

o s p o ) s (5 Sl sl T s
B s 03,5 S8 s gy o L sad 6 ,alb
P R p o A SS el (O] 55 03 i
ﬂpjwa b lias LasS s gl 22>
Yl Sl b 0k a8 s a5l
2 S Sl S aalme oy iy JRS s
S N bsle A s (5 resden il eslial b
3pH [Yr] s 6,83l Kb Sy b 5 Okl sm
Jis JENWAY e pH ols 5l slizl b 5 gl IS
o3l b 30 s o (6, Se3Il A (5, S a3l YOV »

125 5 olonil PM-5/360 Je 55 g it |

ga'bﬂ’;(ﬂ'

: — =5 Al o sase o
é))}ﬁuw.} 4.?}44 ('»

S AL (o st o

\— xVer= 5l ds s

S o gae p 2

WJlw HU lls o g o s ) Jpdr o
o sas o Gl Bl sla il 5 Gas 355 S

J;J;J}I)H ‘O_HZJLAM)) ‘Lf"l"‘b CA}L‘) chjAUa

sl ol 03l QLJQ Sk

S AL o pats p
Sl 48 3l 0L S0 (ks feglie 05051 il
c})}d}‘éhdb))ﬁbdﬁl—buﬁj—&‘fﬁ
P s o wf_‘,\?ﬁ&:{j.}d)\.\; Sold ae ]
LSLAJ:—““)JV:—LAJfJJJJ)‘dLAJl—‘”LSﬁLE
Coin CBIS L yls ey (ol e OV 2SS
5L"6}"°Ll’f)*‘->=‘(’)—>"‘_;~:£)’:@u*")|db
2 Sldas J'lJ.:BZ.:J)\ Hldds 4 C~:§)L J= s
(\ Jg.\;) g:,.w‘ ab\.l.; C‘) Jﬂls JL.[)L’ .L%-JA cC.,-w‘
oS s e als 6l glaedas S S

YT 5l YM s oo Sl g ez 53 .08 S oLl
il 5l el jasie gla, 58U JUT 6l o o S kS
oo 3 s el 05,8 St (gl s e oKl
Cges S bE des 5 omen 5 A eslanal S e
Jbs 5 Al o s 055 DlasS s Sl
\o J)-bjO#L-sdJ‘Y)J)J%&)‘OJLG_«A\L’JLP-
5228 8 el CaSle 2 BLANAF/TO e 5 2o L
w;ﬁjiwjd_&;m@uﬂguaﬂwa}f
53318 Sl iy V00 sl y el YY ooy ol
U s 55 05l bk a0 e S St 04

)
™)

esls 5JGT
Ll bslas SulS Ly 586 b JB s il
Ogmasl 3 Laesls 0350 dla b oy slataany A
ot Sl A elial Ol =85 8 sal S
Ll olize gl 3l 5 Ges 35 wad Jle st
B3ls s (rnk ok g A o sae o
lls i 0l 5l S s 5 pH (T
Osesl sl eslizal b Laesls Kl dglin . o3l
5 (P<2/00) Ao 5 0 Jlazml w55 (STl
st Sl 23 S oLl SPSS (ver 22) e
3 S gl s s Al bl s Y
Gl piie (Sor L)) Sl s Jies t 0 a0
N 33lp 3 53 Oy olal Ogma3T 51 i) s
Sheslizal U 55 Wajlages 5 b JK3 .02 eslizal SPSS

A s JeS e



X s S5 il i 3 dlocin 8193 o ] 0 Candy 5 S (K038 oy i olles b

(ﬁgxﬁj\dumwﬁpsg\wm@u
355 ek 5 Ayl Sl o S gl o sane

ol S S [Y]5LS 5 Ol Usls 5 a5 s pdudis
Jole s DT ol ALS 5 (o5l GlapsilBls S

J.DJM rJJ- L;l_héb\) W] [\f] C,_.A‘ Q[-Z;-JA

aS Wsls OLES O, es 5 Ezzati a5 53 350 55 slaasglis s cpl s Jle cas b S (g8l

S Sl a2k gl p S (S Sls s VWV (Sls g 35 Lol o9 b3k K,

PH (183l 50 )3 (5,13 piged (yloj gy 5,5 (oguatio @2 1 (305 9335 ol (Sl il udly,ly 15285 Y g

S Jsdss ‘“5
. oloj Cugb, popate @ 2> ;
SB s pH o3k sy o7 . @l i A
&SI y1iged s ool e
Puaiue F Pralue F Praiue F Pratue F Pralue F
*fes VooV RSV YIYY ooy YIYA oo WY/A e Vel ¥ olej Cide
RV R S VAT Sy V4 .y \Vai oo YAY "0 Y/-0 A 25 Cald
ST Y A S 7AW PORREN 172 N Y PO |7/ S P Yals ) Gos
ofee o ¥[e0 Holeo VI TSN /Ay e AIY Fofen ¥/-5 5 335 A ley e
TS IYY ofae oA TSy \Ats Fofee AYs eI -IyY ¥ Bosx o) Side
TLUVE S OVFF AT -1\ 8.4 - AV IR V/N SL/vE VYD \f BesX 5 kb
OAdX oyl Gde
. /vo VY'Y . /a0 - Ivs 8. /va -loy .y A% . /vo VY 5
(§oeXDd
0355 5la e ™ 0033 0 e )3 (gl me 1t ) e 3 (gl me T
VIf - -
.g;“‘s-.'ﬁ):'.-“"’ sl
w2 ab
abc
< be ¢ de dc
’); aQ Ve + e
bl
i 3 /A A
o _" N
g 4
% % N
9 3
oLy A
ofs " 1

Jol JLw P9 JLw pg Jle e Jle
09031 b 9ol gblie 5 (iSgn I S (Sl SIS &) (b (5L e 13 SB g 2B (oguatio o2 duli L) JSS
ol daoy3 A0 Jlods ! b 13 1Sl BYST 4340 415 Smo Bdd L5 dsliiol (i gy . STl

S ol a8l P S b by (S
Gblie sby Jliie 48 sls 0L 50 Jites t 0505
ot £33 5 sl ladlw 53 (S0 Gl e 5 ald
L sblos s 5 dols e SN glyls iS5 g 5

SB b Cosb,
by Aoy Sl (Sl Oga3T s el
i Sl s Jl Cia b s Sb b
51U i B8 Ly el (63 e S| (sl



Wy Ll o 3ylous VO 850 ¢yl ! (orabe molio Al cog> dbboa)ﬂ)é 5 S Yoo

o33 Sl o o5k Ao ys bais 5 ol (5l3 me
YV s Jlo Sl aske Slde o s sne ey
Oga30 =B ol sl L Sl asle Hluade 51 2 Ao s
Aals sble ol jldie &S 35 OLES rman i t
oo 3 p3 5 Jol sbadle s LG Sl s
L gbls 5o 5 dsls me OV (s 085 o )
S asle Jlaie w (gols gre Ml Sl Cds C33S
OLE 48 3,00 5525 500 (Sba s 5 Al bl
o3 S Sldas 3 e s CBIS L s s

(F U8 el oLk J= s Sl JTasbe

w\d@o@bﬁ'&:ﬂdbﬁw)kb@&b
Y JK.;:) Gl S L 5 sl d

S Jisb

3 om Jsl Jlw i b e T isls Jliiie o S
o by OF Hldiie cp 2l 5 do 3 OFNY L e
Sl ok do s :Sls o8 5l 0L SSls O ge5

T B F A VP PP | VLT S I

£ B 92 e 1] W8S
ab AP 2 a
b
v C bc
E
Iy
3,
= o
T T
Jal Jlw P9 Jlw ey Jlw s Jlw

OS13 9031 b sl 3blio g MSgn 5] diddS Jlw US4 oiS92 (61 yewno (b Cugb ) o yd (Sl Ao Y JSUD
Cowl a0 ;3 A0 Jloks ! zmlans 13 (1155l BYST 1390 415 Smo Baidd Wi agliiol (i Bg >

) [} ,_..,S;" 362> piuid Sall
ab ab ab
A - ab ab
3
35 |
Y
2 f
Y
Jal Jlw p9o Jlw oy Jlw s Jlw

gy S 9051 b ol Bblie g (oiSug 5 4ddS J SSE a1 iSUgn (S ppune S JT 350 wuoyd By blo T SIS
Cowl deo 3 A0 Jloss! mhans 13 Ly 1Sl BT 1391 415 Jxe Baidd Wi agliiol (i



\ED!

295 i (p3lyS pise  dlecin 5y b ]

oS Cundg g SB (o3 Slusgad p iSigr Slles ,ib

Mo ol (S sdalise b 53 lis [VP] o
O s ¢ s 1 3 (I sl e Gl ccu o s
d@lﬁf 3 Cf 5 sl s [WVW] S glagy Lol
[8 0T asb b 505 sl s

S pH

L 552 3l e dsl dle &0 bgo e pH ke o 208
3 oy i Jlw s b e Sl o 2t 5 O/
4S sls QLS SUls O o3l s el O/OF L S
230=0/00 sl 55 e cis b s SbpH Sl
s (Gl3 e M (ghyls S (gl s
PH lode 48 sls 0L Jit s t Ogn3] ol omees
s dsl gldle 5o (S gls e 5 dall bl
03 5 Sl Sl e BV (1l w&y)\w(,...u
i Gl e B L ey 5 55 SBIS L bl
300 52y S s s 5 dals Gble pH Sl
sdlw 53 SLspH e & by e b (Y JS2)
23 S 3l e (3 5 ey o5 D) o g
o3ls 0L 4 ISE s dals bl 5 250 (sla s

Lol o o 0 51 ls g slasl) Cnl sl

big-

/b

bIf-

AR

pH

AR

AR

I

W S s

g Aile 1 al b Gl o T S Sl s

5 A S s PH dyasol (Sl ol (555l 3l
35 e 30 (6,503 Oliies [VO] ol o e sladl b
L e S 5 6ol e Slkes 5l e I 510
SIS I sl a8 bl [IV-10] Wiles S 5,158
W ls SUs (gliie sl e 4 OLast s o twd 35 sage
S sl 5 kol ol (Ko JTslpe 2l
sDPTaias (alsl Sl il b el 5 2alS 1
SalS 5 S o 5o Sleal el S o 55w
AALS (5l e Dllae b s S il
o= @l DV] el sdd Ol e S slge s s ¥
(oS5 3l e Jal s 5 a8 das o OLES a3,
S Cl axils zals adyl i 5l as s YYE JT sk
SLs bl [2alS 5y 55 Bl 51 pe (shnos,
Jw cin b s oS sl 0Lt ool il o
aske e & 505 5 1y
b 5 S e Jlosle w5 ol Sonp dals

5 13 sma BV an Jle 5o dals

el YVO T ke s s

g2 o) S
d ‘Cn—v“\ de Ud»“ )J L;‘ AJLG JL&)L Juj) AMJQL:._;

AJ—wd}‘ﬁdLﬁdJWﬁ)‘w CMA\&)‘J\.LG)‘W

KV )

Jol Jlw

pgs Jlw

bl (i By o 1D (9031 b bl Bl § (S I AUdiS Jlw SSET 4 uiSagr (510 yaamne )3 PHL Gl . JSUS
Sl 2o 53 A0 Jlods ! rmlans 3 b nSile BWET (135 15 o Baidd s



WV Ll o 3yloud VO 880 ¢l (crude molio dloes cog> dbboa)ﬂ)é 5 S AR ¢

B)ls Glsen

S Jodss ds s

Jloss o s Sl S sls 0L (SUls Osa31
Sols S g sla s 3 Sl i b s S
Jsl Sadle o s doys 5 ol (5513 ome M|
o=t S e e Glasa S D s pme 93
exen Jlo Jslss jlade ol 2502 Ol Sl 53 )
DL oS ol Jsl Jl oo Jltie 51 2t o ys O/FF
o S Sl Il Cdn CBIS L das s
O JS5) cnd b Jb s Sk s

(A S e halS o se L (S S
SO TSLEpH Gl 5 AT 035, 5 el
Sl s e S gdae 5 I slge i gl
S gpmlol cl pl s V] 355 e s,
5y 5 S lanlB )l S iS5 5 b
53,5 ool 8l o i LS di, 3 xS
s Makineci .[YA] 4L » jfal s Jﬁ;— P -
PH Jlicie 45 dsls 0L ciass 5o [V 0] Oes
Lol el Al bl 1 iy 2 Sl e SIS
bl 5 i gl s S pH Oljpe SD|
O 5 Demir oy oman . Col 03 53 Hls Jae Jali

S s 5> St PH Slis oS L3 S bl [14]

1 >4
*
1

-
.
1

(o) Sl
s
1

— -t
+ *
1 1

1

Jo!l JLw p9o Jlw

g Jlo e Jlw

gy 51D (59051 b ol Gblie g iSuge I dUddS Hloj Crde SUSH dy iSUgn (G yowmo B JSIBT o 45 Auny o O JSUS
ol 20,3 A0 Jlods] zmhaw 13 B Sl BWAT (6415 Jme didd Wi dsliiol oy

G Il S e e ST 05 s
s s Ll ol dalld adlane |l e
23 S e 5 dald Alae ()5 pne
G A At S S S oLkl s M Jle
Sy Goas (msb) bl 5 aLS s, (Sl
el line ailate 31 S50 5 SUosS i (Sl
e s Al il St Sls et iS50 [IV]

LS o (IS by Sl (Sae Rl 1S

53 Shae 285 5 bl a5 agiom S g 5
ol ol 3t el 5 el S s (Ko as
Sl s 9> SUst s e S 3l 0L e
L S ol 4l 5alS dals Ghlis & o 2
303 Sl seen V4] 0L S s Demir glaa_t
S 3 oy lezdn 5 b s SRS e

30y wde ol b s s sk saas Ll



yo¥

Sy Sz il)S s 5 s byg> (b T oS Candg g SB (S5 Sluosal 1 (i Sllas 550

Slde ey S 3l DL s e o 63,51 Y Jsd>

;JLﬂ)‘Jbi&Lw))‘w}Jb-éﬁ&‘)ﬁj&urf

Pdloa o U el (S [V] b slaaY Lyl 5
PN LSLAA.:‘Y BE JL ole:'ufj.l.ﬂ U J>Ja.w L;LM.N

Lé{.fg‘q\.&jwciu‘@‘}]ﬂjcébﬁ fwrfdua)lbwdyﬁMQfJT
D05 sy s e Sien S v—ﬂ a3l Hloae Aoy gl Cesby (b Cosb (RS (g el
Sl Jasle Hlaie U oY i s pH o wen oo o cle Ao S Sl colie pH  JT b3l
'3)‘333’-'3)\:;5:"“;;:‘“‘?@ )J@uﬁw;r@‘fi&ﬂéuwdywjaj
S Oluogasd o LUl ow s (Swod o o .Y Joda
<Y o9 awlo 83l a2y 1 PPpae @y .
pH : b Cagb,  JdsS X o
(woy3)  (aoy3)  (woy2) B SRl
) s pb pogate o
) —\/ 5 Jdss
) -fyyE - b gy
) IV N -5 SJoske ao s
) -IYN <Ive e AR pH
\ —+/+N A -1 AN —+/\\ (103) duslo
\ Y Y — Y iy —pE Al (22)9) )
) S A AR AN -Iv¥* AR AR (20y) Y

5 AT osle doss 039 ;a8 gy b5 Cutls o35
Gl ] el aiate 4y o S (Sl e
Sk ‘_J osle Hlie 535 5 Ud promed 30 Hld s
Gble 55 5 i e e 53 .S Iy e J.gl:
S 5 dd oS I asle e 5l Gee (il L dals
S s 3 Ges Sl s JT sl el
@Lﬁg@jl{.sﬁﬁu&uﬁﬁgoﬁj\%
35 Aasle e & 5 5 (6, Sams Ol 5 o Sinsh ol
oo Laledd sl ()8 osban Jbo ois b
sl dle cois D s S 5 g ab o ez
ssba el 5L oLk Gl ke Ol a5 S 0l
Sl e 53 eile 33,5 3RS 05 S s pdme S
L ot e 3 55,5 Cpssime ot 5 S
RS 53 age U Wl Ao s Y Sl e
Al il ool b Al B e 5 S (S S

.\.\oﬁoc]a..d):é)!:ugm:*é.\.‘aﬁ\ c]a..d):é)!:uﬁ'm:“

S dom
S Slhes U s e b Shag ol
S b s IS Sy 5 S (S Sl past
U I oV L A EWCIFIN JP
S s 505 o s i oS 313 OLE s 25 S
Lal el il I s Jlw ccia b s i
e 20l 3 Ol Jlw s Sl Sl 4 oS L
Jw 53 dald ddlae 5 (ASC s e 2 o o
A ey il 93 el I3 e O (gl nd
SALE (o pare oo Jle ol e T s 5
oo s (ol e A slls S Gas il
pr oie  SB Gas RIIL o g Al o sas
2SS S b a a8l g Al o s
Voo Gee Sl il sl L G

sk sy dlw s b s JTasle sy (6 e ol



WV Ll o 3yloud VO 880 ¢l (crude molio dloes cog> dL:boJ)BT)é 5 S V¥

References

[1]. Jourgholami, M., Nasirian, A., and Labelle, E. (2018). Ecological Restoration of Compacted Soil Following
the Application of Different Leaf Litter Mulches on the Skid Trail over a Five-Year Period. Sustainability,
10(7):1-16.

[2]. Ampoorter, E., Goris, R., Cornelis, W.M., and Verheyen, K. (2007). Impact of mechanized logging on
compaction status of sandy forest soils. Forest Ecologyand Management, 241(1-3):162—174.

[3]. Majnounian, B., and Jourgholami, M. (2013). Effects of Rubber-Tired Cable Skidder on Soil Compaction in
Hyrcanian Forest. Croatian Journal of Forest Engineering, 34(1):123-135.

[4]. Ebeling, C., Lang, F., and Gaertig, T. (2016). Structural recovery in three selected forest soils after
compaction by forest machines in Lower Saxony, Germany. Forest Ecology and Management, 359:74—82.

[5]. Istedt, U., Malmer, A, Nordgren, A., and Liau, P. (2004). Soil rehabilitation following tractor logging: early
results on amendments and tilling in a second rotation Acacia mangiumplantation in Sabah, Malaysia. Forest
Ecology and Management, 194:215-22.

[6]. Cambi, M., Certini, G., Neri, F., and Marchi, E. (2015). The impact of heavy traffic on forest soils: a review.
Forest Ecology and Management, 338:124-138.

[7]. Ballard, T.M. (2000). Impacts of forest management on northern forest soils. Forest Ecology and
Management, 133:37-42.

[8]. Marshall, V.G. (2000). Impacts of forest harvesting on biological processes inNorthern forest soils. Forest
Ecology and Management,133:43—60.

[9]. Greacen, E.L., and Sands, R. (1980). Compaction of forest soils, A Review. Australian Journal of Soil
Research, 18:163—-189.

[10]. Makineci, E., Demit, M., Comez, A., and Yilmaz, E. (2007). Chemical Characteristics of the Surface Soil,
Herbaceous Cover and Organic Layer of a Compacted Skid Road in a Fir (AbiesbornmullerianaMattf).
Transportation Research; Part D, 12(7):453—459.

[11]. Tisdall, J.M., and Oades, J.M. (1982). Organic-matter and water-stable aggregates in soils. Journal of Soil
Sciences, 33(2):141-163.

[12]. Egnell, G., Jurevics, A., and Peichl, M. (2015). Negative effects of stem and stump harvest and deep soil
cultivation on the soil carbon and nitrogen pools are mitigated by enhanced tree growth. Forest Ecology and
Management, 338:57-67.

[13]. Wu, C., Wu, J., Luo, Y., Zhang, L., and DeGloria, S.D. (2009). Spatial prediction of soil organic matter
content using cokriging with remotely sensed data. Soil Science Society of America Journal, 73(4):1202—1208.

[14]. Ezzati, S., Najafi, A., Rab, M.A., and Zenner, EK. (2012). Recovery of soil bulk density, porosity and rutting
from ground skidding over a 20-year period after timber harvesting in Iran. Silva Fennica, 46(4):521-38.

[15]. McGrath, D., and Zhang, C., (2003). Spatial distaribution of soil organic carbon concentrations in grassland
of Ireland.Geoderma, 18:1629-163.

[16]. Rab, M.A. (2004). Recovery of soil physical properties from compaction and soil profile disturbance
caused by logging of native forest in Victorian Central Highlands, Australia.Forest Ecology and
Management, 191:329-340.

[17]. Rab, M.A., Anderson, H., Boddington, D., and Van Rees, H. (1992). Soil disturbance and compaction. In:
Squire, R.O. (Ed.), First Interim Report for the Value Adding Utilization System Trial. Department of
Conservation and Environment, Victoria Aust. pp. 25-31.

[18]. Williamson, J.R., and Neilsen, W.A. (2003). The effect of soil compaction, profile disturbance and
fertilizer application on the growth of eucalyptus seedlings in two glasshouse studies. Soil and Tillage
Research. 71:95-107.

[19]. Demir, M., Makineci, E., and Yilmaz, E. (2007). Investigation of timber harvesting Impacts on herbaceous
forest and surface soil properties on skid road in an oak (QuercusPetrea L.) stand. Building and
Environment, 42(3):1194-1199.

[20]. JafariHaghighi, M. (2003). Methods of Soil Analysis, NedayeZoha press, Tehran, 236 pp.



105 Forest and Wood Products, Vol. 75, No. 2, Summer 2022 (Research Original)

Effects of timber extraction on soil physical properties and organic carbon
recovery during seven years after trafficking in Gorazbon District in
Kheyrud Forest

A. Nasirian; MSc student of forest engineering, Faculty of Natural Resources, University of Tehran, Karaj,
LR. Iran

M. Jourgholami®; Prof., Department of Forestry and Forest Economics, Faculty of Natural Resources,
University of Tehran, Karaj, L.R. Iran

A. Heidari; Prof., Department of Soil Science, Faculty of Agricultural Engineering and Technology,
University of Tehran, Karaj, L.R. Iran

(Received: 27 August 2021, Accepted: 01 December 2021)

ABSTRACT

Assessment and management of environmental impacts imposed by forest harvesting activities are one
of the key factors that are increasing important. The purpose of this study was to investigate the effect
of ground-based system on soil physical and chemical properties and the recovery process of these
properties over the course of seven years. Hence, the compartments no. 316, 318, 310, and 309 of the
Gorazbon District in the Kheyrud educational and research forest were selected. In this study, a
completely randomized factorial design was applied and the treatments included duration (years) from
timber extraction (one, two, five, and seven years), three traffic intensities (low, medium, and high)
and soil depths (0-10 and 10-20 cm). The soil bulk density after seven years has not yet returned to the
original state. There is still a significant difference between the control area and the skid trail. The
amount of organic matter after seven years showed a recovery process compared with the first year
after timber extraction, so that in the seventh year no significant difference was observed between the
amount of organic matter in the control area and timber extraction track, while the amount of organic
matter in the first year of timber extraction track is much lower than that of adjacent control areas. The
recovery of some soil properties such as organic matter occurs faster than other ones like bulk density
and porosity.
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