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Abstract

Background and Objectives: Habitat edges, particularly forest road corridors, function as focal
points for ecological dynamics. These linear disturbances alter microclimatic conditions through
increased solar radiation, elevated temperatures, and enhanced wind exposure, thereby creating
environmental filters that fundamentally reshape vegetation structure and community
composition. This transformation manifests as the gradual replacement of shade-tolerant forest
species with light-demanding herbaceous and pioneer species in proximity to edges. However,
roads serve as the fundamental infrastructure for forest management, making their presence in
forested landscapes an essential and unavoidable component of modern land use. This study
aimed to investigate the effects of secondary forest roads on tree regeneration, species
composition, stem density (stems/ha), and stand volume (m*/ha) in three parcels of Series 7 within
Watershed 25 of the Shenroud district, Guilan Province, two decades after road construction.
Methodology: For this research, a forest road constructed in 2005 in three compartments of Series
7 in the Shenroud watershed was selected: compartment 754 (northern aspect), compartment 726
(southern aspect), and compartment 755 (western aspect). A transect sampling method was
employed. Transects were established along three geographical aspects (north, south, and west),
with three replicates per aspect, resulting in a total of 72 transects. Each transect measured 100 x
5 m and was positioned on both cut and fill slopes, across the three geographical aspects, and at
four distances from the road (30, 60, 90, and 120 m). Within each transect, tree species and
diameter at breast height (DBH) of all trees were recorded. To assess regeneration, ten systematic
2 x 1 m square microplots were sampled per transect, and regeneration frequency by species was
documented. The Kolmogorov—Smirnov test was used to verify the normality of quantitative data.
A two-way analysis of variance (ANOVA) was applied to compare regeneration frequency under
the influence of geographical aspect and distance from the road, and Duncan’s multiple range test
was used for mean comparisons.

Results: The results indicated that tree species composition on both sides of the road did not
significantly change with distance from 30 to 120 m from the road. Although mean stem density
and volume per hectare decreased with increasing distance from the road, no statistically
significant differences were observed across slopes, geographical aspects, or distances from the
road. Regeneration analysis revealed that three tree species regenerated in the study area, all of
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which were present across the three geographical aspects. The highest regeneration frequency on
both cut and fill slopes was observed for beech (Fagus orientalis Lipsky). In the upstream area of
the road, alder (Alnus subcordata C.A. Mey.) regeneration frequency was higher than that of
hornbeam (Carpinus betulus L.), whereas in the downstream area, alder frequency was lower than
that of hornbeam. Comparison of regeneration variables showed that regeneration abundance
increased with increasing distance from the road on both the cut and fill slopes, reaching a
maximum at 90 m, but decreased at a distance of 120 m, and a statistically significant difference
in regeneration frequency was observed between cut and fill slopes.

Conclusion: The findings of this study demonstrate that secondary forest roads in the study area
have not exerted a significant large-scale impact on adjacent ecosystems in terms of species
composition and regeneration rates after two decades, except for regeneration rates between cut
and fill slopes, where significant differences were observed. From a forest management point of
view, the obtained results, which indicate limited negative effects of such roads, make it possible
to allocate financial resources to more critical areas and provide a good example for forest road
design and construction with minimal ecological disturbance in the future. As a result, rather than
undertaking comprehensive and expensive road-management activities in similar situations,
continued and targeted monitoring should be emphasized to support adaptive and compatible
management in Hyrcanian forests.
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Table 1. Mean =+ standard deviation of tree species frequency in the study area
Distance from road (m)

Position Aspect
30 60 90 120
South 2.33+£0.57 2+1 1.66£0.57 1.66+0.57
Cut slope North 2.33+0.15 2.33+0.57 1.66£0.57 2.33+0.57
_________________________ West . ..233057 233057 Leex057T Lo
South 1.0+0 1.66+0.57 1.66+0.57 2.334£0.15
Fill slope North 2.33+0.57 2.33+£0.57 2.66+0.57 2.66+0.57
West 1+0 1+0 2.66+0.57 2.66+0.57

»ble)‘ MUJQ@.‘."MBJQEMG’&J: 6@&3{@‘}‘} g,'“';li.J‘J QR&'Q}AJT@&?—Y Jso>

Table 2. Results of the analysis of variance (ANOVA) for tree species frequency as influenced by slope, aspect, and
distance from the road

Source Sum of square df Mean square F Sig.
Position 0.22 1 0.22 0.43 0.514ns
Aspect 2.52 2 1.26 2.45 0.096"
Distance 1.44 3 0.48 0.93 0.43ns
AspectxPosition 2.19 2 1.09 2.13 0.129"
DistancexPosition 6.55 3 2.18 4.25 0.01"
DistancexAspect 2.47 6 0.41 0.82 0.573ns
DistancexPositionxAspect 7.69 6 1.28 2.49 0.035"
error 24.66 48 0.51
Total 320 72

*: Significant at p<0.05; ns: non-significant
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Table 3. Mean =+ standard deviation of tree density (stem per hectare) in the study area
Distance from road (m)

Position Aspect
30 60 90 120

South 633.3+£113.7 121.6+620 238.6+506.6 285.8+586.6
Cut slope North 80.8+746.6 231.8+686.6 102.6+633.3 160.4+653.3

West 160.4+733.3 80.8+613.3 0.4+440 102.6+706.6

""""""""""" South 254847666 46.1+7333 7084540  131.14560

Fill slope North 194.24873.3 100.6+833.3 260+640 330.4£820

West 183.3+£760 499.7+546.6 147.4+493.3 633.3£170

R B P e PR | P W CE SN VY Ut S U | P ol LS s slaw bl 4 e Qyﬂ C’L’
—gr s g —aials ol —anls oy gl e Ol Wb gl sl ) Aol 5 g anls b e
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Table 4. Results of the analysis of variance (ANOVA) for tree density (per hectare) as influenced by slope, aspect, and distance from

the road.
Source Sum of square df Mean square F Sig.
Position 51200 1 51200 1.22 0.275"
Aspect 225700 2 112850 2.68 0.078"
Distance 2493333 3 83111.1 1.98 0.13"
AspectxPosition 49033.3 2 24516.6 0.58 0.562"
DistancexPosition 814222 3 27140.7 0.64 0.589ns
DistancexAspect 1224333 6 20405.5 0.48 0.815"
DistancexPositionxAspect 97144.4 6 16190.7 0.38 0.885m
error 2014933.3 48 41977.7
Total 33938400 72

ns: non-significant

A&l\kA.5)_9«6Mb))()t&b))*&aﬁ)db))@)tﬁdd‘ﬁ‘iO,&L:A_OJ}w\’

Table 5. Mean + standard deviation of tree volume (m* ha™) in the study area

Distance from road (m)

Position Aspect
30 60 90 120
South 727+132.5 139.6+711.7 273.9+581.6 328.1+673.4
Cut slope North 246.8+731.1 86795 109.2+674.3 170.8+695.6
West 184.8+845 93.1+£706.7 207.8+814.3 100.4+£507
""""""""""" South 252247589 4577259  169.145345  129.845543
Fill slope North 178.9+767.8 92.7+804.9 239.5+589.7 304.4+755.5

West 327.5+943.5 120.4+£678.6 183+612.4 211.1+£786.2
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Table 6. Results of the analysis of variance (ANOVA) for tree volume per hectare as influenced by slope, aspect, and
distance from the road

Source Sum of square df Mean square F Sig.
Position 304.6 1 304.6 0.006 0.939ns
Aspect 87151.4 2 43575.7 0.842 0.437"s
Distance 288576.6 3 96192.2 1.85 0.149
AspectxPosition 13460 2 6730 0.13 0.878"
DistancexPosition 93511.4 3 31170.4 0.603 0.617"
DistancexAspect 150067.3 6 25011.2 0.483 0.817"
DistancexPositionxAspect 131264.4 6 21877.4 0.423 0.86"
error 2483216.5 48 51733.6
Total 39270624.5 72

ns: non-significant
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Table 7. Mean =+ standard deviation of regeneration (seedling) frequency in the study area

Position

Distance from road (m)

Aspect

30 30 30 120
South 8.3£7.9 7.4%+8.8 10.4+10.7 7+8.7
Cut slope North 49%4.1 5.7%6.7 5.2%6.8 6.5%6.2
__________________________ West 527 6875 882 7276
South 8.1%5.2 6.7+8.7 5.249.8 6.5+7.9
Fill slope North 7.5%9 9.1+11.8 11.6+12.3 12.2+15.2
West 6.9%7.1 749.1 12.1%10 10.9%6.5

S 5 sl S anls 55 L3 gslal; Sl o
Sl o b Ml S s ol s

A o 6351505 G5 s 55 0se3] s
Sl gime M a8 sls las eol 51 Aol 5 g anals



e B esle Gaasdy spame 3L

ool 5l Aol —ce —ands 5 Aol —ads T‘f J.,L

(A Jam) 555 s gt sslaly Sl

Va8

5 it bbalols dv\..s\f.a- sl 6))Ta\j
SV NGV E S —azals riy J.JL (el L ALS sl b.)Lq-
S I, el Caday Sy e Soslals Sl p Aol

sale ) ol 5 g catels Ll o Tl 113 (uilils a5 el gl —A Jsax

Table 8. Results of the analysis of variance (ANOVA) for regeneration frequency as influenced by slope, aspect, and
distance from the road

Source Sum of square df Mean square F Sig.
Position 451.3 1 451.3 6.8 0.009"
Aspect 49.2 2 24.6 0.37 0.688"™
Distance 191.6 3 63.8 0.97 0.406™
AspectxPosition 1851.7 2 925.8 14.07 0.000"
DistancexPosition 253.7 3 84.5 1.2 0.278
DistancexAspect 843 6 140.5 2.1 0.047"
DistancexPositionx Aspect 494 .4 6 82.4 1.2 0.277"
error 45781.8 696 65.7
Total 104460 720

*: Significant at p<0.05; ns: non-significant

Sbis ol o8 5L b as,an ba S S es 8 k5
3 oss @bl 5o S U s (Wpi o Shiews ol 5 oS s
sbar S Ll 8 (S s 5o 5 JKix sbaesls 4
ol 3 G 5L L a5, 6l e
(Deljouei et al., 2017b) cul jowla  Suaal 4
s Gl el sl )3 s ) 55 rgw“ sba S
iy K sba S bl e Lilss 5 L5 4
(Zieliska et al., 2016) %05 s jmiy Sl 5 A5
BE @Lj G WO R IO OB cb L L’iwbp-“
DS bl wly 3l sl s s sbels als
soba ool s s B s Sll 3 S el plas
Pourbabaei et al., ) cuwl K S5 51 iy )l ne
5 s pelor g SKax sbesls b 3,1 (2016
53 a8 sl ol ol s Wl s Jin s o5 Skl
5l sy Kin oolr atls 5l il e gl
el sasE s Ul sy i JKie oS5 S
Picchio ) cusls &yl I oals Job L3 ale il o
Ol s o olas 56 Y Jsas axsls et al, 2018
S i S5 2Bl Cum 5 el Sl ol

aals 53 3 a8 sl ol s e Sy
93 5 i 8l ol s Sl b oS 5 ol S
sl 3550 gl ol Y JS) ol S5 5 5 e 55
g a8 bl plewsly sy 3 s eal |5 0
s eolo p S atals s S ol ol gl
a8 5l g ) il 5 ol 5l aiy
s5d sl Sossiean S W8 ol Ky
ol O By (s sl ails opaia)
ortls B 85 ol gt s & Sl GLaai S
Doy S S ol 5 pan, able s 5, sl
S S e 8L (g i 58 g Cenl sa 053)35-&44.
K e Al 57 g0
S T N PN PRCSES IV N R SO
P O e N T P
Ol sl Sl o5 sss Jdoa Sz Yol o
s 5o g LRIl 5 as s e pas i
5 ox3 hlo ass gl (Odum, 1971) cul [Ks
sl Js b a1 besls atls ol g5 e 0y



S owlesls plas GK""' 6\-‘“3}5 6),T:\j UP el
e Slazs ;s 5y L;Lm«;,fu:..zxcb Sho g
Bazyari et al., ) sl 158 51 oSl ) rlor ol
cbaS s s bl (2014; Naghdi et al., 2014
2ol @b 5l osSaly oslaly (g
desn) S Jbs @l Slie slye Lull ke
0 0 k;\.amj}f S5 50 Jeges (;fjguﬁ\l
Grubb et al.,) ams o i)l ool ey,
ol el b e s MR besls azls
S aezls s oslaly Glsls a8 ols plas oS ol
oy sbasly (Pourbabaei ef al., 2016) el S
483 33 3| e 3leorla Slsine L5 pie e 550k
2 S sy el L Sor S5
b Ul T s S 55 o poen ot o K
2 S S5 glesls clad ol 51 ol glel el
Sl ool ol (Zielinska et al., 2016) 352 32 |
Ciliie sbaalols s (i S oS5 cplin Gl e
olas Sler Jdow K sl so i iy o el )
x,ﬁ.,,s,a.k;b;ua;;gg\)s\w\eung ax S1aS sl
b A Gba S ps oy cata S s
Aot asbe ol 2, ol by agale ba S\
ol & sy Ll Aol s b cul (See sals 4
L e ¥ 5l o ey S5l wilss 5wl S ez
S o, sy 58 gamled il S5 casl s L

S5 Sl o alie e b Gl IR laasls
Wwle) S Sleosas 5o sadolnl Ol s a5 5ls ol
&a:@@&pmﬁbkﬁ(q}b)ﬂgjéaﬂ
5 ik sbaS sl ool S Jl YO Sl e

Yol V¥ il ol ) st s [ Slidio ale 4 25

g

Sobasine SWanl g5 Siass S @l elal
aasls o glis s S s > LS s slaw e
de u.)t:.- )\ g,a.kw L;LM.L;L«; 9 @L.sba.:- 6\.&%:-
ol s r.5\]’; Sdzma ol 3l 5 Wl oo iz Jalge ol
aals i (Ji..a J515) el 5l g e VY Aol s
b5 waa s S Lo 4 olg e Lol alar ) s,
S bl o S e lal el als bl s J.<..> Ol
@l 5l g e VY Aole s lis s Sy Ol 58l ‘Jiio
5o sbale 5 by (Ul o Shee 25l
S Jlsa ) S cblis 5 ool Gl s
2 S Gbess oS sl ity besls sl ey
RN )'L J.;Jaau. S sls UL.... J)JVJUé < k;\.a:st:.?
“)K.Z:.- u.)t:.- ML:- PR OLZ.;-).) )\15\& )JW})\I&Q BL)
Yousefi Babadi et al.,) cwl JSix J&bs 51 iy
AJL? )\ )L’&h B R u,...a:\S “9)&. u.u.h)j B (2015
(V Jjb)MeML‘wdﬁﬂ' WB\JJKQ&Q&Q
u"\ Lol ol si )\J.{.v )LS.B: 03 > d\j u@.v\....ua G}Q\
A0 Jpd) 555 sl e SVt

il L aS sl plas s ys syl Sl s s
aals 90 » 5 Coslals Sl b ‘GK:.? ool 5l dole
Ll Gl Bl Sle ol b g S 5 ool Sls
dj\adaa SMaes| sy glas 6‘;“.&\5.\3)) S NYe Aol
SoSB 5 ol S auls 5 5o k;)ﬂa\)' Slolp o
el ar g o OMal pl S Sl s i sualis
Slast 31 s 550 Ll e ool ) Gl ool
b M S S5 o5 e (s sbesls
QK}\MQ& BE @'\-65\3 B ol ERSLIE) &%ﬁ.c\i’ e
W S 5 Ky asle adyl Jly glbos S K
6\.&:4;; e)...y\ U g N g o e GK"" 6\.&»)\.‘3-
Y Jﬁp e s ol slas S o suiSeus, s, 5
e 4zl 6L<..> sba g Coslal VS‘JJ oeals
0 Gadme s iag GL’ .(Dickinson et al., 2000)



e B esle Gaasdy spame 3L

s K s Bl 5 e slaasl 05 5 SR
(S50 SRy cal AS el b i 2 b sl S
£l Seisl a8 b sl Olal ) 3850 oty o sS|
(> ‘&\J@ﬁj& 3ol Lpa O 48 ol
SLolsler s 5o Ko sbosle Gzl 5 ol
plor e by (Gl (b s ales
Suslals o Ll r)\v\ﬁ' wax gl ol oo SO sl 00
st s el (8B 5 Ll S Glaasls o
5 Sie 2l el S i S caeady L
e glaaely b o s o olgiin 5SL glaanl 5
el )3 il 58 3 (g wdla gl 5 ritens 8
¢l ‘c\-v dj-'\‘p-““"' Sl oss QL)) e C‘L B
wl) Ko xSy s alae sy
5 Slay ke cov p (Cleslias | olie) e
Coslis alia] b o Sosre Dolie e
Solwosla Slas ol 5o S Gl bpE5lee
Slr ol Sl Klg o (s onl b osd (asis
Sl Gl s Lmees blosally s
3,8 O\ va—" 2 swdige Sllas ac game gwuﬂ@-’w
sl Gl e ¥ il Gas aile (oS Lo lae

A8 baw C)Lo\ wlie Olasia |

References

- Avon, C., Dumas, Y. and Berges, L., 2013.
Management practices increase the impact of roads
on plant communities in forests. Biological
Conservation, 159: 24-31.
https://doi.org/10.1016/j.biocon.2012.10.008

- Bazyari, M., Jalilvand, H., Kooch, Y. and Hosseini,
S.A., 2014. Ecological effects of forest roads on
biodiversity and floristic composition (case study;
Leeresar, Galanderood, Makarood). Journal of Plant
Research, 27(1): 41-51 (In Persian with English
summary).

- Benitez-Lopez, A., Alkemade, R. and Verweij, P.A.,
2010. The impacts of roads and other infrastructure
on mammal and bird populations: A meta-analysis.
Biological Conservation, 143(6): 1307-1316.

VAA

bl (Zielifiska et al., 2016) cusls s 5 oslsl;

Sl (San S5 0las 5o 4z Bl S ey s s
oSl 1y (AL malsr 5 S d KL L s Sl
ool s glas |y adsl sl 51 soeads absls wsl g
Ol 5o lde o il saalis pas oS S <oslaly sl
ot A 4 GElee ol csS5h mey azen J
S s oslaly sl pbadse bl 5 ces Dlsl )
GV [ VS TR VR T FE U T PRI

sobten JKs ealr b e e 5 3 o1 b
S TR E R K R P Vg PRGH A WES U
Cupde cos adkie S, LS b S5y 5l T
(S osle Aol a5 sl plas (may sl s ol
Sl g sl Sl p s S5 ols e J“\‘
5 Lbalol a3 g 5 5 me (2l 885 4 (pimen
Lis sy ylsly wdd g,y 2Wlis laces
S 5 ool S cbanls c sty sl
Gass 5o S a5l 5l Sl IS ams g s ee
30008 Y G 5 MKz 93 a0 w3l g0t 6390
RPN SRy U I EN ICRRIE RS Jyo
e Al 55 oo Baly ol ol analas g5 55 (6500005
sleosle Saeady glasaly Ll Gl garas )

https://doi.org/10.1016/j.biocon.2010.02.009

- Berenji Tehrani, F., Majnounian, B., Abdi, E. and
Zahedi Amiri, Gh., 2015. Impacts of forest road on
plant species diversity in a Hyrcanian forest, Iran.
Croatian Journal of Forest Engineering, 36(1): 63-71.

- Bowering, M., Lemay, V. and Marshall, P., 2006.
Effects of forest roads on the growth of adjacent
lodgepole pine trees. Canadian Journal of Forest
Research, 36(4): 919-929. https://doi.org/10.1139/x05-
300

- Darvishsefat, A.A., Ahmadi, A., Makhdoom, M.F. and
Abolghasemi, S., 2009. Routing using GIS with
consideration of environmental principles (Case
study: Parchin Road). Iranian Journal of Natural
Resources, 60(1): 203-211 (In Persian with English
summary).

- Delgado, J.D., Arroyo, N.L., Arévalo, J.R. and



V44

Fernandez-Palacios, J.M., 2007. Edge effects of roads
on temperature, light, canopy cover, and canopy
height in laurel and pine forests (Tenerife, Canary
Islands). Landscape and Urban Planning, 81(4): 328-
340. https://doi.org/10.1016/j.landurbplan.2007.01.005
Deljouei, A., Abdi, E., Hasanvand, M., Sadeghi,
S.M.M. and Kaybondori, S., 2017a. Zone effect of
secondary forest roads on flora, life forms, and
chorology of plants. Journal of Forest Research and
Development, 3(1): 77-89 (In Persian with English
summary).
Deljouei, A., Sadeghi, S.M.M., Abdi, E. and
Hasanvand, M., 2017b. Impact of forest roads on
flora, life forms, and chorology of plants in
Hornbeam-beech Kheyrud forest. Iranian Journal of
Forest and Range Protection Research, 15(2): 115-
130 (In  Persian with English summary).
https://doi.org/10.22092/ijfrpr.2018.115702
Demir, M., Makineci, E. and Yilmaz, E., 2007.
Investigation of timber harvesting impacts on
herbaceous cover, forest floor and surface soil
properties on skid road in an oak (Quercus petrea L.)
stand. Building and Environment, 42(3): 1194-1199.
https://doi.org/10.1016/j.buildenv.2005.11.008
Dickinson, M.B., Whigham, D.F. and Hermann, S.M.,
2000. Tree regeneration in felling and natural treefall
disturbances in a semideciduous tropical forest in
Mexico. Forest Ecology and Management, 134(1-3):
137-151. https://doi.org/10.1016/S0378-1127(99)00252-2
- Dillon, G., 1998. Effects of road edges on vegetation
structure and composition in Rocky Mountain conifer
forests. M. A. thesis, Department of Geography and
Recreation, University of Wyoming, Laramie,
Wyoming, USA, 72p.
Forman, R.T.T., Sperling, D., Bissonette, J.A.,
Clevenger, A.P., Cutshall, C.D., Dale, V.H., Fahrig,
L., France, R., Goldman, C.R., Heanue, K., Jones,
A.J., Swanson, F.J., Turrentine, T. and Winter, T.C.,
2002. Road Ecology: Science and Solutions. Island
Press, Washington, DC, 481p.

- Grubb, P.J., Lee, W.G., Kollmann, J. and Wilson, J.B.,

1996. Interaction of irradiance and soil nutrient
supply on growth of seedlings of ten European tall-
shrub species and Fagus sylvatica. Journal of
Ecology, 84(6): 827-840.
https://doi.org/10.2307/2960555

- Hansen, M.J. and Clevenger, A.P., 2005. The influence
of disturbance and habitat on the presence of non-
native plant species along transport corridors.
Biological =~ Conservation, 125(2): 249-259.
https://doi.org/10.1016/j.biocon.2005.03.024

- Haskell, D.G., 2000. Effects of forest roads on
macroinvertebrate soil fauna of the southern

Yol V¥ il ol ) st s [ Slidio ale 4 25

Appalachian Mountains. Conservation Biology,
14(1): 57-63. https://doi.org/10.1046/j.1523-
1739.2000.99232.x

- Karami-Rad, S., Abdi, E., Majnounian, B., Etemad, V.

and Sohrabi, H., 2016. Effect of forest road on
herbaceous diversity and tree regeneration. Journal of
Forest and Wood Products, 69(1): 29-40 (In Persian
with English summary).

- Karim, M.N. and Mallik, A.U., 2008. Roadside

revegetation by native plants: 1. Roadside
microhabitats, floristic zonation and species traits.
Ecological Engineering, 32(3): 222-237.
https://doi.org/10.1016/j.ecoleng.2007.11.003

- Keybondori, S., Abdi, E., Deljouei, A., Lazaro-Lobo,

A., Ervin, G.N., Shakeri, Z., Etemad, V. and Borz,
S.A., 2023. Effect of forest roadside on vegetation
characteristics in the Hyrcanian temperate forest.
European Journal of Forest Research, 142(2): 455-
473. https://doi.org/10.1007/s10342-023-01535-2

- Magagnotti, N., Spinelli, R., Giildner, O. and Erler, J.,

2012. Site impact after motor-manual and
mechanised thinning in Mediterranean pine
plantations. Biosystems Engineering, 113(2): 140-
147. https://doi.org/10.1016/j.biosystemseng.2012.07.001

- McCay, S.T., Cardelus, C.L. and Neatrour, A.M., 2013.

Rate of litter decay and litter macroinvertebrates in
limed and unlimed forests of the Adirondack
Mountains, USA. Forest Ecology and Management,
304: 254-260.
https://doi.org/10.1016/j.foreco.2013.05.010

- Naghdi, R., Pourbabaei, H., Heidari, M. and Noori, M.,

2014. The effects of forest road on vegetation and
some physical and chemical properties of soil, case
study: Shafarood Forests, District No.2. Iranian
Forests Ecology, 2(3): 49-64 (In Persian with English
summary).

- Najafi, A., Hosseini, S.M., Ezzati, S., Torabi, M.A. and

Fakhari, M., 2011. Comparison of regeneration and
biodiversity of trees on cut and fill edges of forest
road (Case study: Chamestan and Lavige Forests,
Noor). Journal of Wood and Forest Science and
Technology, 17(4): 139-152 (In Persian with English
summary).

- Nilsson, M.C. and Wardle, D.A., 2005. Understory

vegetation as a forest ecosystem driver: Evidence
from the northern Swedish boreal forest. Frontiers in
Ecology and the Environment, 3(8): 421-428.
https://doi.org/10.1890/1540-
9295(2005)003[0421:UVAAFE]2.0.CO;2

- Odum, E.P., 1971. Fundamentals of Ecology, Third

Edition. W.B. Saunders, Philadelphia, 574p.

- Picchio, R., Spina, R., Maesano, M., Carbone, F., Lo

Monaco, A. and Marchi, E., 2011. Stumpage value in



e B esle Gaasdy spame 3L Y.

the short wood system for the conversion into high

forest of a oak coppice. Forestry Studies in China, https://doi.org/10.1017/CB0O9780511615078

13(4): 252-262. https://doi.org/10.1007/s11632-013- - Watkins, R.Z., Chen, J., Pickens, J. and Brosofske,

0411-7 K.D., 2003. Effects of forest roads on understory
- Picchio, R., Tavankar, F., Venanzi, R., Lo Monaco, A. plants in a managed hardwood landscape.

Cambridge University Press, Cambridge, 442p.

and Nikooy, M., 2018. Study of forest road effect on
tree community and stand structure in three Italian
and Iranian temperate forests. Croatian Journal of
Forest Engineering, 39(1): 57-70.

- Pourbabaei, H., Naghdi, R., Haidari, M. and Noori, M.,

2016. Investigation on the regeneration and
vegetation composition in the edge of forest roads.
Journal of Forest and Wood Products, 69(1): 87-96
(In Persian with English summary).

- Sefidi, K. and Jahdi, R., 2023. Impact of anthropogenic

disturbance on the size diversity of trees in Arasbaran
forests (Case study: Hatam-Meshasi Forest Reserve
in Meshgin-Shahr County, Iran). Iranian Journal of
Forest and Poplar Research, 31(3): 241-256. (In
Persian with English summary).
https://doi.org/10.22092/1jfpr.2023.362923.2110

- Turski, M., Beker, C. and Czerniak, A., 2023. The

impact of road investments on the forest
environment—case study: The impact of asphalt
roads on the health condition and growth of trees.
Sustainability, 15(2): 1307.
https://doi.org/10.3390/su15021307

- Walker, L.R. and del Moral, R., 2003. Primary

Succession and  Ecosystem  Rehabilitation.

Conservation Biology, 17(2): 411-419.
https://doi.org/10.1046/.1523-1739.2003.01285.x

- Yousefi Babadi, T., Fallah, A., Lotfalian, M. and

Afaridan, M., 2015. Effect of forest roads on
quantitative characteristics of adjacent tree stands
(Case study: Series 5, Section 2, Neka Forest-Zalem
Rud). Proceedings of the International Conference on
Environmental Science Engineering and
Technologies. Tehran, 5-6 May 2015: 1lp (In
Persian).

- Zaraei Gholbaghi, M., Nikooy, M., Turkman, J. and

Karamian Omrani, L., 2016. Evaluation the skid trail
effect on annual ring width fluctuations in Beech
(Fagus orientalis Lipsky) and Alder (Alnus
subcordata C. A. Mey.) trees (District Nav No. 1,
Asalem forests, Guilan). Iranian Journal of Forest and
Poplar Research, 24(1): 1-8 (In Persian with English
summary).

- Zielinska, K.M., Kiedrzynski, M., Grzyl, A. and

Rewicz, A., 2016. Forest roadsides harbour less
competitive habitats for a relict mountain plant
(Pulsatilla vernalis) in lowlands. Scientific Reports,
6: 31913. https://doi.org/10.1038/srep31913



