g oy (b Gl W Hl el g S b3k Wiy (2L )]
o) 9l 3 Jlw Vo clbdS 51 omy

" s dug 9 a2 ST 56w

e a5 ol o pmbilie 5aSLEINS ¢ K (6 15 ggmasls’
e Sy ozl ¢ rrbalin 8aSisls (g llKi 09,5 Lozils
o338 olKslS «any L g srbailin 80ty o Lobial

OYAYNYIYF 15l 2o, O FAY/FA el s & b)

AT

sl oads €3 s SRz doje S g Ly 8355 4 05 ol ole (St Olsiea ey S5Ssz Sliles
i JLo T g 85 5 e Sy 3 Bl ] Sl gt 5 ST (SasS g 4 5l el
st Sy gl e Slalllas I Gy jsliie oy Dl e 35 0ad BBgte (] )0 e (2597 Slilas
039 Dl 95y (s Sln D SBl 05,lb 5 855> Sla Sz 55 feghS S Job s oadle; (oS09x
o 55 (i 5 Lagie (o) S5 B s iy Sl alold bl 52 Aoz s Jsbo 5 (6 plls ogasis
Sl L ddged andad ey Jlowd 12 30 e dd la (oo Ve 5l i g Ve U ) cod dads g0 S35 dalb
S (SossS 5b s obl SB sladiges cuilsy sl Bolas jobds diges ankid du g e yio Fx) -«
plod g 0l oy e Cdlo ] j0 SLS sladiges a5 diges Slakad J31s 40 Bl |l il Slsayass
ooy Vel ity Job el b Sl 5y slo e jo a5 0l (LA gl ad (B)led o ) S92 g0 slaJls
ot 5 Jele (nl a5 6 0k 00,80l 285 (5,l0 gime jbar vl Amb L aslie )0 (50l pgase ()9
g 00,0 FoVA g TVAY FNY b fan swad g lawgin (o8 S8l ddb an oo, Ve Yo Ve )
131 sladisgs 5 ey Spglie Lol A58 a5 olo lid aslllas (] 09 osile (BL e auo o FO/A- o VY/YF XV/VO
ST LS g liteny s JLo o CaB3S oy ik 53755 (Ss e o botisS o ol (Ko
2 o Lo sledose o bul lass i 5l s 9 (ESusr Sl (0503 (03lo (o o (SasS

S3gn dogi 23 T+l by sl

(S5 s 139, 1S5 539> sl Kz (S (6418 o yp0 «SB b5L gl gdejlg

a.najafi@modares.ac.ir: Jo! AYYEYOTY ) e o les Jgis 0diaggi



vy g Sl o haiul g S ok ag, Sb3)]

Pl Ss cod,b g oei olLS Jlgoaty, ials
LS 5L 8y ol 5 i jolie (ienST omels
(Murphy, 2004) sas |ls
Slesgas b 3L dslllas 4 Froehlich (1985)
3 ey =gz Sl e eddica 58 S (Sd
&9 s 15 0l o galanl cbl 50 sle K
e Kw L slaSls Sanss as ol 5158
s gl sels dslaie §3lasl an g5l 50 00
—=Ssgz> ldes ;5L dslllas 4y Rab (2004)
Bgad Olehd LB o iSie2 e S 5 S
o=l s g caloy Wl aiVb slo IS0y sodls
O 0 S (SangS (n e &5 s aml
A4S 6 9bds g ooldl Bl LiSKsr s S35
039 8IS et Sldes aBg5 5l ey JLw V-
s dwo,0 YY-FA 55l 0 jeim (6 0l pwgaze
PPNV Ve HY
Ja_....oy Slallao 09....."54 )M-\-’ 6)‘%-"’/&4 ul.«.l.o..c )"‘
(Smith and Wass, 1976; Krage et al., 1986)
& iSasz s Job oot Sl L oS 55 ol
'.\_35) Dy )Q Ezzati et al (2012) .05_3 00—
Lo s 50 odBcn 55 (Sojd Sloogas bk
Sldes 5l gy Jow Ve 8,90 S jo —iS0s>
S9,plll LSS 855> slaJ iz )5 (e (25052
05 Dglite (L5 s )3 335 Db g s &
33,5 g amo, Vel i lacas jo abads o
el 5 09— oais olujb JolS jsbas joim ol
P ISl K58 Slvgar glojbaSas S
s obes Juw Vel it a5 e
,o Shestak  and  Buss (2005) ;. —oxen 0,00

o ol 4 S (SonsS Sobslen (o) 2

Gud g doddlo
P orr LS eS8 o pas cod gla Ko
S5 S o 297 sleass hohusle el
30 o= &Bly Jdoan e | K> ol el ouls
Ol Jlods (5l - sudg sl dKiz s 0y oS
ol el frie 5,1l o9z sladiss il g
Gl 00 VYAV ()] ) 5 (gad) Wiyl g0l
iy Sislses ays iy Jlail Bl S
3ol ey ol 0 j9mad a5eS e plplo wl
Ol j9y0 9 5 LS w2y gogl @]y JKia
Yousle BLy JKix Bogi 0l e aSagx Y
S azgio bl b o iy oSl ool 05,30
33,4....4 4 Ao Sl G...S.lj? (_gl.b).......uo o)_;jd._; g9 do,e
sl (Fobite (5500 0 Loty (olit Kz
ol J K b 5l a5 gluwasS b K> ;o
Cpodl 05,18 0 0 0 (G 4 SK03) (05 SS
09— 00S Ty Jdoan Lo Ko pl jo o)l o>
)" G,o-l_.w.’ ‘6)“5)’.")'@:.’ S Lgl.asJ,w)Lg‘ 3o e Jled
)" M? S s Q] Ool..w‘ dlauslga J.io
.(McMahon et al.,, 1999; Rab et al., 2005)
S (Sony (#2057 S ble 055 Sl 50 9,005
S8 VT ile 00,5 8,90 S doye 5l o0l
(= (ke ( SameS (Murphy, 2004) 54 o
9 —iSey gl lisln s sy S glbals
S o 0 S maw 51 JTEY ok ails
&,ld 0 g0 uy—‘w[@ T 9 )L,T alo> 9>
Rab, 2004; Makineci et al., 2007; ) o—ul
Y ocsasly g (SawsS.(Najafi et al., 2010

9 i S o Sl (S SIS xbans

! Residual stand



TRCUNE RO NPT CL /N SRPXW-OVS
3 sy =Sasz E95 90 Sl )0 S egate
A4S Cd S am g oy 6, sle s
Ay 6l Sre )...,L, SawolisS o S SausS
Sladlae .cowl ails Kugi o 1,31 glo Jloies aiy
3,9 0 Jlye o J= o Mariani et al. (2006)
,o Demir et al. (2008) 5 pgio 4555 (5,900;
o Jlw & Glej 85L o as s il slaJ5ox
9 ‘_szlL,o bl GQ.:LMA C"L"’ &l po o Sldas
Sl—ogas ool —)n 4 OV (LS
2 b Slaeg Eiul g SLe 5658
)“ o WJLM;‘ 9L§ 6L‘°J§‘3‘.> 5o G...SJP Lgl.aﬁ.m.o
039 O a5 ol lis mmls oSl Jlw Ve
(b [ g iSGex 6o e o S L
oo Ll oren 0510 0429 (5,0 ciae BB
FKo g a9 6l s (o (510 S S
slodiss Cloaams oS Jl> o o )ls 0g>g b
AW S ool (LS g0 jo b8l g gl
ol ALl (gl Sxe

8 9SS (SamsS Sl oy o
S e )3 (297 SloassS (anb Sh>wass
2 SlsS Glaf Sz )0 &8y oniles, iS0sx
Oz 0584 1,10 3e2g Sl Dledbl e SYsb
Sledbl ol ol Sl dale ol pl o Slllas
b SE (Sawss St g A8 i ol
2 SRz 8095wy g (iSoex YT ile 905 )
Ao jedaieds g0 )LS o, Sal) (g g Suejlye
s 1y oatee L s ol sle, JBlas
5 S8l s pels 18 laia e Ly assly )l e

35,5 51 LB (SameS Bl ,e jlad Jlesl a5 o,
).._,l_; sealS ol goad e S \4_;‘.)\5))’.3
S g saas] o b3lE Aol lase (55l sxe
3 S an Glayges S 4 LK ogy ailaS
Sl g SLs S o oy a0 Ve
5 S Ol anur Stz 5 0515 40 e
Glad Jlosl 51 b ol dsle O 3,95 nRd
Ao glady ) g gkl o el ol )l S
ol 3l g el arsls e 5t IS sogs ol
Dae SYsb jo 1) o, srilol> fals &b
Kozlowski, 1999; Makineci) ol atsls JLss &
s, ,> Anderson et al.(1992) .t al., 2008
A-JL\-»&?»AD' = d_;:.goé)_? Ls)‘o).go]@ﬁ &9) A-J‘).A.’L
G5 Jedg Sl o oz jo S olandis 58
aS wols o) Lo YO 51 o Wl jo el S
ol ol 5kl g (el wd) jlade G
ol g (509 e 50 oLS (Slgdatn; 35 505
3525 (5l e Cgld wald Al 4y s g0
Soe Vg b LT cwy ;o Murphy (2004) . ls
Pinus radiate sla Ly o, » K> 5 10 00 40
Cm P Ll &S (LESugz s Sl s25 )0 bl

‘;o.o..c;,\_)).?u 4_7‘53‘[.‘?).)5..\..0).)/\ ‘009.3‘57:_'4‘4
ol S sals Aol L aslas 10 a0 V8 oy
)l_';'T s e laize 5l 6 s .3l
ké_Lf.;.g> 8355 (5 julol> 5 (5,15 o0 e SYgb
Sls ool paate g Gilidl a5 ails Gl
5 ol 0y Grals 4 )] Glhm 0 4 s, B
Sy gn yin a2 )0 B¢ L5 Lo Jlgs g ,—ad
a—=,» (Greacen and Sands., 1980; Rab, 1994)

! Macro porosity



vy g Sl o haiul g S ok ag, Sb3)]

VoY

$|)|o ‘5&? Juon A ul?u.:‘ Sgr 0dd uzﬁs.a.o
5 S Eawd Jla b ol @) (205 Cox
6‘).: w‘ 0093 (5“9); g.,u.m 2808 u..m
ZU o515 9 5,0 &5 LS 10 pox> bl 4y oS
Jelse b Jole 5l 5550 Jlos il g (i 1) Jelse
(Ssr e Job 5305 (pwyp |y addllae o
ool 2 0L 5 Jawgie (oF) Sl dads a lal
(Rab, 2004) o laz> e Sbleiil g g0 5l alols
Veor) cod adS g0 Sl adb 1o 0 e
aS e oy ol e (Gey Vel i g as
&\th\ooyww\’j&s\fmb\” J.AL..:
wlaws cpl shas ol ool o)+ x¥ olal b diges dslad
ob obail Bolay jgbay dige  aslad Y
B Sy, o S sleasges (Najafi et al., 2009)
oo L) o] A aw o bghs ol 5l S
S5z e 258 50 Gl 99 (5 o S,
ol dallas jo ¢ IS jebay () JS3) ol clls
Job yo cadosly &ges dshad Yoo sl digad dxad VA
SySoslal g Clil Bolai jebay LiShe> s
50 5ol Y7) S Lges Vo A Slows o) (b aS s
D oy oBislej] o g canls p Ll 5l Gles yo
P S s &Y 0 5ol paats )
L (Demir et al., 2008) ;o do Voo b+ Gos
o sdie 00) olnl L (6318 sla joidws 51 oslasnl
ashd o 0.0l cubley (Jeb o sle Vo0 g Hhad
Al a8 F Sle bl gl s dbgel SO s diged
59ty 1SS (FanS SanVsb il o
3 sless B 50 (S92 yrne )3 00 yine (59105

plad 5 3 )5 plol SLs sloadsges ciloy
09 )‘ oola_ul L u—| O O¢>g0 Lg’;;})o Slagass
P T IS U I N SR VSR R WP R Y|

19 iS5z ypns 3 pe O+ B Y alols 4y ol

30 o) —iSez Sldes (a 343 S Jw Y
] 39 50l 1SS 659> sl Ko

o rig 9 olgo

aillin (o yro -
8 1 O o5 sla iz o ol 3o
3 oSl Gl el 6 eskS B 3 Wly 092 S
@Bl Jeb LYY )b ¥ g oV Ase
TP A it i SN Gl o
plosl s Y2V 07 B YEIYV VYT LSl e
o s YO SIS Goe lawgin .ol ad )F
A3 A Las Jas cia kool Ve s (Sl agie
5 Sl 3,5 il &3 V8 )] 2STas g ol 5 sl
OYYE () cnl B & jgoy S5 yiin
VEVe VY el )| dals )0 oo sy Jooly
Slods ol sogas Lz wlo 18150 a5l
g oliwl & Lo el oy Yo ] o awgie § ol
Vo b iosr B0 oS8 (8 58 )0 S92ge S o
mad,S sl al 50 6l po e She,y 423 Lo
s0mh Cu poce oLy Bt Cow a5 el o3y obisS
Erz Sl iSos cile OYVF (o) o
)y a8 o5 VY 59 L (E655) GLs Sy
5 FVexEY) o Sy olal (JISliolS $08 pla
sl 005 Slog, Clus By ol FO {5390 & ja8
(Fagus-orientalis Lipsky) il il L& &6
JRSUR U PP PO & BRI SO
(Carpinus betulus) ;,.. {(Acer cappadocicum)

ol ,» (Quercus castanifolia) g;lea—b bg L o

. " 3 . c# _

iS5z e Sy e Jlsie (50,5 iz |
s 45 yiashS Sy Jgb 4 Connb 5 sadla,

o jsbay o1 5o )l po e Slbes iy JLo Y-



Guind (5o puiio —

S o clld 5l s LB S sladigaed
b SE oBislesl 4y g ailds a¥go Sty
O3 00 el V¥ ladigas (s 0 (95 5 Jiiio
Sl g BlaF o, 5 sl a0 V-0 slos o
29 D e 0)luge SiS 459 6ol
S cl il s 0 pgane 0y Cule
Sl S (609 0 (g 3l eolail Ly s
(Kalra and Maynard 1991)

L5 ol gl el S digas du w0055 dilaie
5 Pr—axe 09 S =S o3l 3l fol> ml
il el (g IsS cl s
Wby i g a5 sl cglaSoT ge s
Jgoad awglic sals &b b iS0sz e o

S5 oy y 9 G el asg, Bl ol
Makineci et al., 2007; Ezzati et al., 2011; )
(Ezzati et al., 2012

S Sl
'y
yo Yoo
bgia Sl p
[ ) I
BE 2 by s
ol lad l
o5 Sl
< Pl >

N |
ALl dakad )

S92 yrne

wSJPMP ol o.)Lz.; 6):25439"’-; C).b ‘_gLo..i';—\ Ji..u

UlBas sbawlio ol v, p it S35
Slacaloaiz a3l 5l solawl L Lassls puSlae
2 0 yiine Slanaog Jlglyd )y g (Sl
sleslaiwl b laools o25:y55 51 s djled 51 S5 50
&bl slopygesl plos 2855 plnil SIS e (i3]

ol 428,5 6lxl SPSS11.5 158l 0 5 po

o9 Jlay Tl e Jlodisn 125 el jglanesy

oy gyl =355 50055 (5051 Lansgi ool
olly (Ken gl gesl 5l ool b uw o
301 leolai ol L el jo ads ) o Laosls
oymatin 35 L) (ANOVA) 46,15, il )y
e L glacad 9 Sl Sy a6l

g:} )\)O RS A:JL.?\A_.”\.\?'L?S :.S.j-?‘,'



wpS b Sl waed Ll s S oLk Wy, o)) V¥

0591 s09) (o) SIS s9bas acse (nl o S il L
o] 2SS el o, Soslal )l Jol> gl

ol oot &)V oz o aslllas covi (cla L

897 e Jsb 50 SB (g 000 Glesl mls -) oo

do e 4 S gl

S sl 18 e god

S o il ? S)lo pdiged Joro

¥ v v 3~ S Sl

YA YA v¥ 08— Lisgie Sl

¥ ¥4 AN 9 ) LAl S8l
S ol lis (S5 ogeil b bosls (5 Silos dulis S b pgazo o9 Ol padi W) -

S g wad Sl Bad s 6 pell egate ()9 Ps—ae (jg 4 byrye slosls uilyly 5IUT
4 e Ll polie g 05ls wa b (g lo e B b Ve CldS 5l g (oiS0s2 a5 (5,0l
Gl dalls aslaie 3l s wo )0 FO 4 Y5 55l Sad Slas o las  —iShe> aldes a8y
(VJ55) AL pog—aze 39 (olil lade o Sl

ddhio o 5ol paats )y .Cul 0og o Jee
donl ol 009 oS e Ol 0,5 < /A vl

V.2 4
a
VY 4 b ab
-
Q2 VY 4
. C
V.o 4
:'S AN 4
<,
9 .5
™
E .y
>
.Y
aals s buwgino KR W
Sl

97 e SIS Bad 0 SB 6l pgate (g DS N, ST SO



Ao, /YA g FVAY FNY Cy a4 salls 4l

FYIVO s 5 d o, a Vo 5l i i )0 o
ROW PRYVIRWARS & (LRI R7in |

gIemY (5,2l (ogasa i

5 8 B S5 et Wi o

d—s,d Y’}‘ P s 3O Lg)'QLB Pyaze 09
(Vo) cwl o0 Ve o) e 31 i jein
ools &) bwgie SIS po pliiwlaS wiz e

Aw oo Vel S e b dab o gl

ab 2 B .l

(=¥+1)
Hev

S99z e Sl 5o (5,0l pgate (59 Dl pnad Ky, <Y S

(F JSK8) canl 009y aS wuoj0

o Leasss Coulas 15580 (el
Sllee ST 50 Sae Vob 8,98 Sl G (SamsS
Slanazd (hled 1 odle Sz 3 (AS0sx
o Ll (155 535 4 oES97 e 5 00 s
Dol SsSB4 ¥ Jgda 0 b and (o)
sl o 48] Sl

N B e e e
Vo CuldS 5l Gy ool yiie SLma005 (o)
2 S8l Dol SSWay (ESusr e 5o Jlo
olis SIS a0 y90;] s ool ool @l F S
A oS 00y 5l &S e b slawass Glgl s as ols
Sl 05,5 1oy RIS (5o sine ssbay sy 95
S5 A3 55 Slomapas Sl S sy
ol Aol L alie (o ol g lawgio (oS
YAINA g £EIV 5 i oo,V FIFY s s



vy g Sl o haiul g S ok ag, Sb3)]

ab

(alol) sl
-

Kol sy

S5z e AL Sl j0 A3sS £98 Ay Az gl (e diged dxbad o Ol sl 3 -F S

‘5...&3} Juowe le.:n;ifé‘)s’ Ol com> 2 6‘439)‘ k_)‘).\.a.x) -y JBA’.'

() SIS 55
&= L Sergs 13 il T e
ay Y Y Y Y- s
" Y Y ¥4 BA oS Sl
fY Y . ). Y. Lrgie oS3l 5

v . . | V4 a3

SS9 s O 00 yitus (caml Oldsass 4k, el g @‘9‘)5 s=or -V Jga

clizeo 00,5 Sal yo Jlg JS slass G s ads

dold diges azlad o 5 olows
e 4t > e wad gt oS (ol & iy ad)

% VOA v f A -Y/$q
1) V0 . Y WY Y/0-¥/4
\z . . . . O-V/f4
¢ . . . . >V/o




=y —oSesr Slles (LG S v Jlo S
Pe—ae 0y Sl Sl e (neS s oyl
ol S8 la e 4 bg e oS S 5,0l
03,5 ylewd 10 aS 5 ebds (¥ ISK0) Cel 009y oy
a3 5 Ll (ogate (yig oo Vo ) ol oS
sl amb g oogm wals Al b o sse OS]
55lasl s j9 ] S oST,5 a5 sy ol 0
Krage et al. (1986) .cl valls &b 3l iy </«
P et 5l Bl SB o 55 6T gy 0
,o Ezzati et al. (2012) g LowolS s, 092>
o=l 63 sle Kz 0 S bk w2
U (iSsz s (Job o a5 W) 4z
asls o] ool g SLs (Sasscww! ol
Fob cai Gl L as ass S 5l bl el
Sgt o Sbe (5 Slogas 23k ol
S5 s 6ol pegate b9 g b plb bl e
53lail 4 yol> dalllas 1o oy Yo (gYL ol cuas
Gl paare 39 0o, OF e Lo, TO
51 = Anderson et al. (1992) dalas ;o ouile Bl
31 e RAb (2004) aslllas jo 0o )0 Y 5 JLs YO
YA 5 Wl egedlST gla J > j0 Jlw Ve
,o Pennington et al. (2004) 3—dov ;0 0oy
J=B olo o 3 ey JLo VY-YY Glej alold
5o Sglay Jdoan Wl wldis] ol cul anslis
PSS glen min cgh)) il Lyl
S a i oLl g blal g Jlis sl 5>
Eo- o S8lol Sl s o (Jawme 5 (ol Sllugs
o bay gl Se Jsb Sretes 4o 5l g il
s9bay Bl 0dg (5510 0540 Dliles oIS 855
e 0 6l pgane (i owibe (Sl Jlu T
0390 Ao, Vo o) a3l i oo Ve YL

ol iz a > S (lawgie 00,5 1> ) Sl

Lo dad 45 3, 4365 45 amo o Lt b
oS Sl 50wl 039 oS T, (o iion sl lo
Lasslio o 1) 051,55 cnyiion 1315 3 slaaiss
2 (Y Jaaz) slosls plais] sss 4 lbaiss ple
cazdly il b owile 3l gloais Lo agas il
a8 ol 5 gt 055 o oo w315 3,
S Ay g Wgh it Wlatulel (Lo 5 5 o)
iy plp lad) Slsazs g)kd LSl gw)p @b
SLIT Jgdz 50 (58052 e 53 00 s (Jlo5
00 yime Jlod Slaws 1y iy a5 (5 gbody el o
SIPuH WIS 7} & W WP Y- V- SR EIA UPC OO
sl 0 51 L Ak Jlad A o 5 ool e

Sldes JolS ca8gy 5 pumy JLw Yo Dg0 >

il s 5 ,0lb (ogase ()9 (e (BS09x
oo 539 eSre i e sals 4 alais
Tl Vo iS5 ey bl S ds 4o g ,0lls
EEIE H BCEVISTNET- SR WS AN I 8 3 KW 0
ol s i @l L asil ool o sl
,o (Froehlich, 1985; Shestak and Buss, 2005)
Y o ol egase (i 2ol poe 95—
615000 Slhles JolS i3 Lo S o
O3l B azgi Lo jls cdsllas oy b3S
99 3 S Ve gl it g0l ps—ate (39
NI GPE SUERN % IPPIPR U WIS O WL | S IR W
Sl 58 Gl SlwnsS sla Sz 55 3G ol
J—o B 5l ey i (g o S U
0Bl ) (iSsz Gl ys ) (5,10 0500 Dlilos
9 Seisdn s cld el S g u il Lol
5Nz G e il (LS50 (S5sdd 50
Ul asas Sl Gl bl slaosgaze ,o o5
Aol asls Jlsoa o gaie slasu s

.(Dykstra and Curran, 2006; Makineci et al., 2007)



vy g Sl o haiul g S ok ag, Sb3)]

VoA

yoaS ol s asdlae ool abog azdl als
Y (SamsS lp 50 45sS (nSpslie Dol
(g g 1,3 laaigs pl a5 wix o asiwe Koy
sloaiss loca connds o oo 465 2 L
ey ds |y o 50 sadobul leddSy, S
o=l as ol s ol sudod ol bl sl o
Saejlyo 1o g Cel Folo SueolisS jo Ll alie
=l sledisl g Kialiny sbodisS puzen .ailgls
P9 b g s lgsa iy Jdods jae
dwslie ;o (Mariani et al., 2006) (glas ;) poimm
odsS laSE jo oS Culiy &0 5l il AeS L
Sz R g yee Gm 3l D3y 50 5 Wl ye5 e
5 151 5l e s else Cl (See (2S00
Slmogar ¢ 550 Sad « S Sghb (gasalils
.(Heninger et al. 2002 \Y4- )|,Ke2 5 2dlo)
31 B e Slaasass o515 (6l o o Sldas
Sl 009y alls dalaie 5 Jin o5 S8l 0 igS
S « Sl oS Gy 0 -) 10,8
o ol g 009 yieS SV ile 005 ¢ [ SowsS
sl asls I, v ol s cnl (S 0 5
N PP PR ST P V- S -1 )
Oyt iy (So92 ey (FOrman et al. 2002)
<=Y/TA o—had LS o Olsaasg sl
(Jlgs alal YV Jolie [0 VOA) ol el o ilw

0y e Slanazs (pl a5 8,8 lgie Wb Ll

o ) Pgmate 9 09— yeS Judo Cawilgl
Loawlio o) Lwgie S8l5 0 a0 Ve YL

S Az g Jled fped 2o )3 Ve col

S99 o 3O 00l e Ol oy o -
adly yai ol asged Olakad o Jlos oST5 Slol,8
Ol 5l Jlw Ve o238 5l ey (85097 e 50
Sl sl eS e L as ol lad aShe> oldaes
amb o ol S g ilo e jebd o iSe>
35,5 51, (Hatchel et al.,1970; Murphy, 2004)
oSl SB pleisle (i oYl
aslocad o ddlie g HLid Jlael 150 5 060 0
o33l asila gy ) d8lie e Jilde [0 g rals S
S 5o ol @S opad T Jlis 4 5 b o
o> ealS ol (Ezzati et al. 2012) 54, o0 YU
sl o, gals g glgsany, als cow S
50 (Kozlowski, 1999) sgi —o Jles s ,kb o
o S Y ile (59 51 50 ead Jles! Lid
Jlos! 51 o wl)d il a8 > 5l il iSGee
o-.\..f:é)‘g 65)“" ws 9 W) s aS Sl )L.....S
Jlsvan Gasjls ol olfin g, gulol> als
(Murphy, 2004; Makineci et al., 2008) s,ls
Heninger et al. (2002) 4.5 L asdllao o) b
Ll ol 5 aSosx Sldee (BT 08,8 el oS
09— ujL—O.uo J_J.bd._a Sl uS.ouo Sy90 U"‘ .Q)L).;
ot e oles ke 5 (S5 s sl Ll
Jlw S 0ol o0y (5,10 0 0 Dldas 8g5 5l
it (A1) 4565 (e (—AS0sx OLL 5
ol UL_WJ 09_5 )‘ ‘;A_u; )_.3‘).3 ) ‘) \_A._Ajl-ﬁo
S8l 50 94l OA (o5 Sl 0 4S5 5ba
181 sladisl Lol .ol ol 4565 ol 5l sl VA ol
G Wudd g lawgie lacSaly o Kugs g



390l () (g Sldee >l g0, S
50 D9 dgdtte Ao 0 Vo 1) ca i bdgixo
P ul i Gldes oo Ve 3 5YL slacas
A eS8 S Cugb, a5 Jlo Ses gl
Ol o=l )0 AS! fremd g Sgaze Cwl D95
Ol = o)l slagys Jooi glp S ()l byl
Oe—zes «(Rab et al. 2005) ¢l ol 35 S

byld cole, b (g (g5l p0 542 (9, 5l Ol
«(Ezzati et al. 2011) 5 5 solizwl 1L bas o

&Ll

sl K> oV iso o kK 7ok amliS A YYE b o
P YAY ‘bjfoJL]o’ Al o)’y

G9) =) —2Sa9z Ol STAYAY (b, cgoniez
S5 5 5255l Slo s SLS (1508 Sloogas
ol g otz ol (lid)l5 aslibly (S

AT gy Lo 5 QLS g ol sl e (Ao
Sl g SIS (So5d Slogas o)l () 2
aslllas) (iSusz Sl e 5O (b Slaan
Veolm! oo alone (pllal ob ads> (sla Sz 16994

FYa-viv ()

odile Bl Ly 4y 00,lg Sllus b5, AYVYA ( Sen
~ SS9y 50 297 795 Sl e g alad slee a0

kfa.u.'a GL;.A d.lm ‘sS.SBJ J.f..? (5990 asJllao ‘Gu)f
AREAREQD IR R AR

Anderson, H., D. Boddington and H. Van
Rees, 1992. The long-term effects of saw log-
only harvesting on some soil physical and
chemical properties in east Gippsland,
unpublished, Department of conservation and
environment, Victoria, Australia, 29 pp.

Demir, M.E., Makineci and B.S. Gungor,
2008. Plant species recovery on a compacted
skid road, Journal of Sensors, 8(5): 3123-3133.

Sla S 4y og aliles Jlo Ve cldS 5l
el O,lg e cilow F/AA-Y/D 51 5V, 5, Lad
s 33 Do il 3l ey 00 e DLy as
ol il ol s 50 0l e iSisn
sla Jlw jo suicdd Glowass Cwl (S )
e 3 YL AE S8 L Jlg 9wl oud S 5]
S 0id Jdoan -V Bl il g2y LES0ex
s Yo B80S 5] oy oSagz e ST 0L
il jee oSl b b ey Slayans
SasS UT a5 Lo al 409, VL (55ka8 S
S50 50 g0 Oldos adgr 5l Jl Vo clldS 5l e
(Anderson et al. 1992) el > oL 5900
5 6,100 500 Sldoe B84 5l o L Yol
o5 Olej Do el )3 (LASGsr e s5lula,
3z Sl 3)5 ol 5o ol DgldS ol
L Connb 50 @lo e iz 03500 b j5iS
(Ol b el SRS g (SY gl (6,10 0 e adils
o= o ol dalllae a4 b (6 iy Slalllas Wb
Slec b b olasSls 050 )0 pgasa; diw)
&l Soglie capd ik 5 Slios slesl 4 calizee
S sl o (i s slegsile
Ly loyme e Sldas o508 Gals B 0,5 &0
Sl sS g az g b aile; (Sae Jil> 4 ol
P oo VeVl ol 5 Jlood sl ISz (0
2 =gz Slles w52 S yele g 3,150 2]
ESOF 9 Wad SIS S egaa Ay ol
Sy o A 09z lagd S 4 oo ()
et Jobo 30 SIS a5 e (i
Cnl &5l 35 eke (2l cnl )0 o se 0 (BSusx
S Cleogas bk Soe ol GYsb o
oo o o (@l OlESU Gl adsl o
Do Vel 10 olins; g plol> Gials o Sl
9z S e (Hhb 5o Wb altee (nl 09 o0
S e oo Ve ) iy slaceds )0 0594



vy g Sl o haiul g S ok ag, Sb3)]

VY.

Dykstra, P.R. and M.P. Curran, 2006. Tree
growth on rehabilitated skid roads in southeast
British Columbia, Forest Ecology and
Management, 133: 145-156.

Ezzati, S., A. Najafi and T. Durston, 2011.
Impact of animal logging on soil physical
properties in mule trail in Hyrcanian forests,
Transportation Research Part D, 16: 316-320.

Ezzati, S., A. Najafi, M. A. Rab and E. Zenner,
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): 521-538.

Forman, R.T.T., D. Sperling, J.A., Bissonette,
P. Clevenger, C.D. Cutshall, V.H. Dale, L.
Fahrig, R. France, C.R. Goldman, K. Heanue,
A.J. Jones, F.J. Swanson, T. Turrentine and
T.C. Winter, 2002. Road Ecology: Science and
Solutions, Washington, D.C., Island Press, 481

Pp.

Froehlich, H.A., 1985. Soil compaction from
low  ground-pressure,  torsion-suspension
logging vehicles on three forest soils, forest
research laboratory, Oregon State University,
Corvallis, Research Paper, 36-12 pp.

Greacen, E.L. and R. Sands, 1980. Compaction
of forest soils: a review, Australian Journal of
Soil Research, 18: 163-189.

Hatchel, G.E., C.W. Ralston and R.R. Fail,
1970. Effects on soil characteristics and
growth of loblolly pine in the Atlantic coastal
plain, Journal of Forestry, 68: 772-5.

Heninger, R., W. Scott, A. Dobkowski, R.
Miller, H. Anderson and S. Duke, 2002. Soil
disturbance 10-year growth response of coast
Douglas-fir on no tilled and tilled skid trails in
the Oregon cascades, Canadian Journal of
Forest Research, 32: 233-246.

Kalra, Y.P. and D.G. Maynard, 1991. Methods
manual for forest soil and plant analysis,
Forestry Canada, Edmonton, AB. Information
Report NOR-X-319E, 116 pp.

Krage R., B.K. Higging and R. Rottwell, 1986.

Logging and soil disturbance in southeast
British Columbia, Canadian Journal of Forest
Research,16: 1345-1354.

Kozlowski, T.T., 1999. Soil compaction and
growth of woody plants, Scandinavian Journal
of Forest Research, 14: 596-619.

Makineci, E., M. Demir and E. Yilmaz, 2007.
Long-term harvesting effects on skid road in a
fir (Abies bornmulleriana Mattf.) plantation
forest, Journal of Building and Environment,
42: 1538-1543.

Makineci, E., B.S.Gungor and M. Demir,
2008. Survived herbaceous plant species on
compacted skid road in a fir (Abies
bornmulleriana Mattf.) forest — a note,
Transportation Research Part D, 13: 187-192.

Mariani, L., S.X. Chang and R. Kabzems,
2006. Effects of tree harvesting, forest floor
removal, and compaction on soil microbial
biomass, microbial respiration, and N
availability in boreal aspen forest in British
Colombia, Soil Biology and Biochemistry, 38:
1734-1744.

McMahon, S., R. Simcock, J. Dando and C.
Ross, 1999. A fresh look at operational soil
compaction, New Zealand Journal of Forestry,
44 (3): 33-37.

Murphy, G., 2004. Long-term impacts of forest
harvesting related soil disturbance on log
product yields and economic potential in a
New Zealand forest, Silva Fennica, 38 (3):
279-289.

Najafi, A., A. Solgi and S.H.R. Sadeghi, 2010.
Effect of ground skidding and skid trail slope
on soil disturbance. Caspian Journal of
Environmental Sciences, 8:13-23.

Pennington, P.l., M. Laffan, R. Lewis and K.
Churchill, 2004. Impact of major snig tracks
on the productivity of wet Eucalyptus oblique
forest in Tasmania measured 17-23 years after
harvesting, Australian Forestry, 67: 17-24.

Rab, M.A., 1994. Changes in physical
properties of a soil associated with logging of
Eucalyptus regnans forest in southeastern
Australia, Forest Ecology and Management,
70: 215-229.

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.



Rab, A., J. Bradshaw, R. Campbell and S.
Murphy, 2005. Review of factors affecting
disturbance, compaction and traffic ability of
soils with particular reference to timber
harvesting in the forests of south-west western
Australia. Department of conservation and land
management SFM Technical Report No. 2, 160

pp.

Smith, R.B. and E.F. Wass, 1976. Soil
disturbance, vegetative cover and regeneration
on clear cuts in the nelson forest district,
British Columbia, Canadian Forest Service,
Pacific Forrester Research, Cent. Inf. Rep.
BC-X-151, 37 pp.

Shestak, C.J. and M.D. Busse, 2005.
Compaction alters physical but not biological
indices of soil health, Soil Science American
Journal, 69: 236-246.



Iranian Journal of Forest, VVol.6, No. 1, Spring 2014 112

Assessment of soil recovery and establishment of natural regeneration 20 years after
stopping from ground-based skidding

S. Ezzati', E. Najafi**, and V. Hosseini®

! Ph.D. Student, Faculty of Natural Resources, Tarbiat Modares University, 1. R. Iran
2 pssociate Prof., Faculty of Natural Resources, Tarbiat Modares University, 1. R. Iran
® Assistant Prof., Faculty of Natural Resources and Environment, Ferdowsi University, 1. R. Iran

(Received: 30 June 2013, Accepted: 17 March 2014)

Abstract

Ground-based skidding operations are known as an important source of damages to the
residual stands and surface soil of forests. This research aims at studying the soil compaction
and establishment of natural regeneration in an abandoned skid trail 20-year after cessation of
timber harvest operations. For this purpose, an abandoned skid trail about 1 Km in length was
chosen by field inspection at Neka-Zalemrud forest catchments. Before sampling, the skid
trail was divided into three traffic intensities (low, medium and high) based on distance to
log-landing. Two slope categories were then delineated for each traffic intensity. Treatments
include three traffic intensities and two slope classes with three replicates for each category.
Three sample plots (410 m) out of five ones were randomly selected for taking soil samples.

The effect of soil compaction on all established regenerations was studied in same plots.
Results showed that with increasing the traffic intensity and slope gradients, soil bulk density
did not decrease compared to controlled areas. Soil bulk density values remained by about
6.12, 41.38 and 40.38 and 37.75, 17.34, and 45.91% for slope class 0-20% and over 20%
within three traffic intensity including low, medium and high, respectively. Furthermore,
results confirmed that the most tolerant and intolerant species to the compaction were beech
and maple and alder in high traffic intensity, 20- year since stopping timber operations,
respectively. To minimize the negative impacts of skidding operations on forest soils,
permanent skid trail is required and ground-based skidding operations should be limited to
areas where slope gradients do not exceed 20%.
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