Yol
R 5 2o 55918 5 poke Sloing iy 4 il
YA cogu 0 jlond cpgm 9 Cons sl
http://jwfst.gau.ac.ir

we Joo plRa UKo SB (Funss p Jb 00 55 3t g g (J9b s 5

"0k e 9 gkl Ganal”
GBS b o 5 (355U psle oSl (S pske a1 (gl K 05 8 Ol
DS b e 5 (535S pshe oSty (IS pske 0aSCiils (gl Ko il il IS Symidls’
RO/ YN0 25y ol £ ITAE/N /) il

oS

034 Al e 523 B okS S Sl g sl |8 5 Je Sl e 550l Sla e 13U 5 atslw
35S L ydSCal 3555 UGl pde 5 Bl 035 Al e 5 g0 ESLL Olg 355
sl 5 s s Cedls oo 0350 05 (S S e 0255 (BBU ¢ 2 Slaoslr
St e bl 53 1 BB L S0 Gl ST 5l e Sl 26 i s s
by Jom S ems Jsb cad o G ol ) 5 Gka el 63 505 Jslze O
d\ﬁdu%@}k)bM&;ﬁ-ﬁ;dlﬁ-éﬁ.&pﬁjhﬁﬁﬁﬂ:s;;\J&?)Jlal_“e
g ol gy 4l Sledo 1 mulS 5 1K a4 b sy o0l

Oyl 5l Ko o 0 omb v ey e e b sudbe s SSilahy, g ol s
S Ao Y gV ooV b an a Jsb il w5 L g e s Ol OB S
WWQMQ\%@JAJ:.MM:;JSJQW SAE Y Clib @oss sl 4 e L
Lol piges Goob Sl bapmsy e 53 S S55 Cusby 5 (S deoss (SdusS Lo el
oAb B s olnll 3 8 13 Sl sy AKLLST Sla s s Y5 il
)UCJMM,;L;,»9:.:Qufb,ch“)%ﬁ»;Qw&uw\&uﬁp&,jﬁu
el | >l SAS @LJ)\J-;\D; 0> dals Sl SUS 53 Sl VY L g e

Aidinparsakhoo@yaho0.com :43\e J ss”

¥eq



Y0 () 0,los (YY) il JSi 9 g2 (5,9U3 9 pgle (gL idgy s puld

doss 5 P S ,alh o sasie O35 e Jib o SR L S sl 0L b slaadly
Sloalsd sba g alb osasie 055 GBU 325 sl (LIHIL e (8L B (S
el Bl g Ay 59 gl o sasie O3y Sl 4 SR a3 A e 4 Odew,y Lacal 05l
5 eer Jsb o ale 53 blime 3l S Sau S o olsme U Ks 555 sl
S ol QL R alie s s e dops 08 ol gl s St cosby BB s sl
wudlg pos Zasbs s oAb ot 055 daly 4 by e gladide ST s se e i
f@“ﬂ’; S S S Gl ang Cosb i AS a5 1) Sl Ao A 3l e el

ol st Ao 33 Y0 35 LB L s e
e da 55 S O el S Ol VU slass 5 sl 5 45 slacus s ASJ:EJ 5l i S s
R LT e P e Slkas LT 51 2 ol oY il min b
IS sk & Slbae ST 6y ol Olaj (a4 S S5 51 (6l e g0l 5 4ing sk

J).:v C\J}\ Sl 4 oJ)U LSLA&_M..«T )\

g Sugbs (S dess S b osase 055 BB L G Je igadlS (slaojls
Ol ol sls Ko b
Aodlo

el 5 ool Gadled 53 e 5 e S e lpdhdad e S Ol S
035 g oS b e Slhes s B RS St 5 e SR O 2l sl
23 kil G 5 Gree G 53 Pl o g oS 0 Wik K ) osn
A sl Bl sla)525) ol O Sl b Ko 5l o o> e 2 )
Sl 5 Lls (s sVle dsUS A8 aD) 3 58 (g 5 s Sl Ll 3 placend)
ol 03 (1) S 0 G5 o s Caale Sy o gl (Ll G50 ) b 5 (s
Shisse B 5 e Sllp b o LB B S S e LS eolul 4 |y Ol s R,

C]a.; )‘J"\ o‘}:..j: w‘ L ~°J.'t".; 9 é‘.,\.j LJ&;)J c)}lgt ‘U:SKS ‘Afd)jb: ‘J‘j—” Lile :ﬁ CEU Qb\;u

¥y



OS2 9 9J,3L s 9 B3 lw, b

ST 5,8 5 slinad 35 VT ile sl b s (65 pme) ol e Ste LS ot il 55 e
oslail LS).)}L“:‘“S}JL}J""'JJ‘“\ Slr Olgz 55 ASHL Ol Osdee £00 590 awsiS s (Y
S VS e s Giga el LOA) Wing BB 5 ol WOl ek YV S s
3 pS Gble 53 s ol e €3S Slsen Tl 5Ll 5 Jaine 5 s e bl 3 5 e
)J,b\)\ 0351 s Lole u]a_i\fﬂ Mrﬁjdﬁlzwgt(YY) 3yls S v\;: JJoLS e
0331 oS (PSS Sl e O35 SEL (o mwd Glaeslr 5508 )UKl 54,5 O ple
L S ol Sl b ol 5l iU a5 glajlid 5 58 55 Sl o
L S ST ad (A 5 0) Cl o305 Joldie 0ol Jled Sln S la K 5 1, b
Sl Gl b (8l o gla) i8S s p Ol Al ol 5o SSOL Ul
5 S ShuS 5 Sopeae B 5 sallcas BB s oVl L S ause
Aalss 4 il Okt s 5 (BB b g e shis my 2 gl (7)) el sl L w35 4 asdo
305 5 2,5 kS 100 s3Il ol Bl BB K OV) 558 esls i Ol bas Jam LG
Ol Guu b ol e S iled o 1 Olg b b 53 26 Sl YAS XYYV E slayl 4y ankas
010) 3,8 o 513 e (S5 593 S
DS s &S Al e 53 B oS LS 5l g adsl B 5 e 6la s csodle (SUa e
5 b et o 4 s b o e 3 s b sbar s G 03 ESOL Ul 335
S o sate O3 SR L (So,8 e IR janie e 0BG T 25y
Jolss ol e sama (T0) 35,5 0 S pldl (Sasbn culin 5 il 55 alS 5 S
5 A el Sl b Colg s 5 Ol Sl 5 OlalS ad, hals Cel
PSnF 5 et S Gl Shs 0 Fe SSosr e 03 [Kr SE (SUus ods
3)‘-’J<3--i¢5)‘5;3°ﬁ oo 3 b bl Oolee 5 oa s BB Olasilie s 5 sl s
S o sl BB s See SLssl Olge bsg puws 53 (Y00) 0L 5 e 5 (V1)
S Al s a0t Lhagh 5 el (Ko Wbt e s el sV a4 g, e S g 0
2N Gl e s Sade glacad o Dl e Gl oSl e el e g Ol e
s (V) O 5 0L,k S 2 5l ol C’L“’ AQ N -1 PP RV WV xS e V/Y
() 3 b el 5 s, 1 s Sk oS15 s WA Jilsl sdasolis (S S S s,

¥y



Y0 () 0,los (YY) il JSi 9 g2 (5,9U3 9 pgle (gL idgy s puld

BB L SO iy s sl Al ails LSS Olge oS 5l OLES (T+0A) D el e
PP e BB L (IS (B ha) 03 e 2 Sl b (S s ) e
i3l GASUl b 2S5 5) gmie i) 3l i e Sle o)t Ges 5 S (S50
o 8 Slado (V) el sty Koy 4 (pl o Bl V0= Gas > &S Jbs
S ol Rl 4 e el L3 s e 2l iy 4 S 5l Slles
S el L e Car W5 el 5 K Sl ey 4 5L (T0) Ad el
Slacly 31 S oS b e sdul 5 b Oles 53 anslr gt Gl 51 (13 0 e (s hams
iy 5 S Gy el oS Slles 5 GOl e e SIS A Gl 4 muly
5l b Sl U oS cl 5T gl fud gl oKy, 5 St (g5 Jool olss & Sas
Alaprly Sl Dlidss g dals 2Ol O g To S ok CJJo Slededs
w bl sy, sy S msby aug de a5 S SuuS 5 LG s S :l.).x.?jwiﬁjj
Sl ss Jsb e G ol Sl ) Be 1l el el lilas adlais
VY oA E Y Clab s 555 slaad 5 o3 ST g V=Y eV i s LB L g e
03, 50 ms Wi Sl wigad b Ol dlie 5 s Sb (S5 doys 5 (SusS s UL
3 &AS)}EAA{JQ?A{JEB 3955 0l 53 S Coughb) e > Ll e R O (Aals)

Sy s ool Glaal s 5l St Suu S i

9, 9 S0
5> 3 A0 sl sles e 3 SSA VY Ll aaes b 0L sl (s K b 5 (5
3yp0 a3l o 20800 BYOr o bys e 1O gl ol 48 S 513 08 S od oy
s gldl g 50 asliNe 5 ad3s 00 5 YL ailq 5 ai3s 80 5 ax 5V oy asllae
Syl 3 3 s Sl Jab 4SO 5 4d35 YA g ax 5 08 U adlY 5 ad3sYY 5 a5 08
A sl 5 e he 80/ 551 S il a3 YUVE O S S SaL s ool a3 o s
S ze YYV/0 Ol s HlSs 3 (63930l gte 5 5L £0) (g (13 e g BB -l
o 5 S 01/6 ankd pl Sl alys |arla sl (g VY0 ankd s Clidss AL
g 3 e ssle S il Ao pn Yo 5l maS s IS a5 il = e o0, S

Sl w55 Ao (mlbdS Slill mls el ASb e e RS 5 S

YyY



Ol)SKe 9 o554 Cmm 9 93 Ly

FRECEIEW-REN-A IPIGHN VRN WS PRy TR SN VST  J7ANS I S-S iy ey e [ O CR
AL e ey Ao Y 5 Chew o3 OA (8 Ao YA els (g e il Yo=Y Gee s
Slas ol oskieas va- ol ol e g eddsl lagas s St il (IS sba
T Slr s osllaas Ghle so 5 (Sal¥ & Sl Sl anes S ms 2 s e SSx
A oslizal BB 5 55 5 eyl 5 ol

omb @ o Jem IS S b ol SO olal O poas G ol 0o G )
WY 53 e Yo e opl Jsb b bl O S Ol slal ls Ko 7o YV e axlad s
Gboa O gy 3l Jle ¥y B e o ossdoes L LB aly Ve oy s Y peams caSa e
o3Lital U Lo os pl Condsn 35 p SES YOL B Yee b bl cpl 055 s S Jime JSr ool
A5 a5 GIST Lms s 0f aiii 5 <oils 5 GPS' 5

YFGere  YEFFer YPAYer  YFQAes TYIEee TVFees YVFRL. YVYTee  YVTFee  TVYBaa YWTAS.  YVFaes FVTY..  TVTE..

¥eVaAs.
FoAs¥

FaVAs oo
WEALL FOVAF

RY

FVFEe. ¥
.{7\'
)1

v :
YoV

Vv

FaVIVes

=" ’
7

o~
S

. faVTE.

ViA
=~
FIVYE
\

FaVidee
Y

-
J é
o
> Lazal
-
b4
- Ll g/ . — | PR
= 5 2 2 = Fo<
e ] AR el RS CC P =
3 £z S 3
= ) T TR Mt L Metery . it Meters
- s 0 7501,500 3,000 4,500 6,000 b = =l 0 75150 300 450 600
T T T T T T S
YFQeer  TEPFes YFAY++  YFRAss  YYITes TVTaas  YVEFas R AL LT YVYfrs YVYF e VYA YVYs e e VY'Y VT

Sbldan & 2 b Y10 osled Jusl s andllas 3590 5 s e ConBge -\ S
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1- Global Positioning System
2- Geographic Information System
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Table 1. Analysis of variance of effective factors on bulk density, porosity and moisture content.

F

Sl e Sl
Mean square

Sla o g s
Sum of square

5T 4y

df

s o
Variables

0.548

780. 729

99.110

0.298

426.616

302.447

0.054

77.548

142.079

1.098

1561.458

198.220

0.893

1279.848

9.7.342

0.325

465.287

852.475

et (H5b

(Longitudinal slope of trail)

S éﬁ& Py O35
(soil bulk density)
S de
(Porosity percentage)
Casbs
(Moisture content)
bl sy 5 slaws
(Number of mule passes)

Sk gl o pae 055
(soil bulk density)
S de
(Porosity percentage)
IV

(Moisture content)
B 53 5 slad X e Jsb oS
(Mule passes) x (Slope of trail)

Sk Al (o pase 055
(soil bulk density)
Sxdes
(Porosity percentage)
sk,

(Moisture content)

**Significant at probability level of 99%
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1.6
14 -

a
a
b
12 -
C

10 d
0.8 -
0.6 -
0.4 -
0.2 -
0.0

Aals 2 4 8 12

LB s 5 oslias
Number of mule passes
S ol o st 859 p BB s 5 sl ,_Ji:—\‘ Jss
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Figure 8. Relation between moisture content and soil bulk density in slope class of 0-10%.
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Figure 9. Relation between moisture content and soil bulk density in slope class of 10-20%.
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Abstract

Background and objectives: Animal trails are the primary wood hauling trails
from stump location to the log depot. These trails are created by animal passes.
Steep terrain and inability of skidders for passes from these areas, incomplete
access forest roads, inadequate skid trails, low timber volume per hectare and
environmental pressure in the unstable and steep terrain cause to use mule logging
system in some regions of northern forests of Iran. The aim of this research was to
investigate the effects of the longitudinal slope of trail used by mule for wood
extraction and number of mule passes on soil compaction and porosity. In addition,
the optimum soil moisture was determined for scheduling mule logging in forest to
reduce site damage.

Materials and methods: A mule trail with downward direction was selected in
Saad Abad forestry plan. Trail was classified into 0-10, 10-20 and >20% with
respect to longitudinal slope and classified into 2, 4, 8 and 12 passes with respect to
the number of mule passes. In each class the soil bulk density or compaction,
porosity percentage and soil moisture at mule spoor were sampled using metal
cylinder and then laboratory measurements. Experiments were done based on
factorial design with two main factors of mule passes in four levels and
longitudinal slope in three levels. Totally, 12 treatments plus control treatment was
performed in SAS software.

Results: Findings showed that soil bilk density increased and soil porosity
decreased with increasing the longitudinal slope of trail. Moreover, soil bulk
density increase rapidly with increasing mule passes. In 8th pass soil reach to its
maximum bulk density and then increasing passes hadn’t significant effect of soil
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compaction. Interaction effects of passes and longitudinal slopes on soil moisture
were significant at the probability level of 99%. R2 values showed that variations
in most models could describe more than 80% of variation in relationship of soil
bulk density and soil moisture. The value of optimum moisture for reducing soil
compaction by mule was 35-40%.

Conclusion: It was concluded that in steep slopes and high number of passes, the
rate of soil compaction was more. Therefore, before wood extraction in such
conditions it is necessary to determine the optimum moisture of soil to schedule
logging operation and reduce damage to soil.

Keywords: Wood transport by mule, Soil bulk density, Porosity percentage,
Optimum moisture, Saad Abad forestry plan
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