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ABSTRACT

The estimation of the road effects on the adjatestregeneration particularly composition and déngs useful to
understand changes induced by the road networkoosystems. In this study the effects of forestagqad m
width) were evaluated on adjacent tree regeneratioplots that located on transects running frongedoads to
40m to the interior in the Hyrcanian mountainouse&is of Iran. Mean of adjacent tree regeneratioder height
150cm and 5 cm diameter was compared in the céicépe plots with various distances from the roaglesd2.5,
7.5, 15, 25, 35m). The results revealed that sqmeeiss which were benefited from increased light disturbed
soils were established in plots near the forestdsallso results suggested that construction oflsaa forest may
cause establishment light demanding species speétallight loved species such as Acer sp (Mapleje more
present close to the road edges and density ofestaded (demands) species such as Fagus orier(idisch)

increased with distance from the road. Density rektregeneration changes significantly persisted #®b m

distance. Most number of regeneration was obseirvéite plots with distance of 7.5 m from road edge.

Keywords: Road margin, Road ecology, Road edge, Tree reggor, Soil disturbance.

INTRODUCTION

Forest roads are necessary for a variety of aetivincluding timber management, wildlife managemescreation,
fire management, insect break thorough and patt®offeri9, 10]. These structures create micro ansbroématic
changes and probably contribute to global macratkncthange, through variation of the received sdiation,
wind regimes, moisture and temperature [17, 28jestoroads remove or disturb large areas throudjheict effects
that accumulate and interact at higher scales §7,2B, 14]. Forest destruction by roads causesressiye
vegetation degradation, with the new open spacésgbeoncealed by shrubs, bracken ferns and numerous
introduced Mediterranean elements [23]. Numeroustiexplants are increasingly colonizing forest rozabes.
Probably, microclimatic changes produced in theezohroad edge effect are favoring the spreadingxaitics
outward the road surface [12, 9]. Tree regenerasofundamental to the sustainability of timber guwotion in
naturally managed forests. Soil compaction anddibmisplacement in the surrounding environment ttueoad
construction is responsible for decreased potenfi@stablishment and subsequent growth of treen@mtion in
some forests [4, 15, 27]. Identification of tregereration situation in the adjacent forest roadsrious distances
from road edge is first step to understand roaldiémice on ecosystem structure and dynamics for tazdagers;
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responsible for managing invasive plant speciesmaintain the integrity of biological communities fragmented

habitats. The aims of this paper are first; to stigate whether the density and composition of@djaregeneration
along forest roads can be influenced from some gdwim environmental conditions and second; to e@mphe

density and composition of tree regeneration afongst roads to interior of 40m forest from roaged

MATERIALSAND METHODS

Study area

The study area was located in the Chamestan foreglazandaran province, north of Iran, between 36%hd
36°27'35"N, latitudes and 52°2'30" and 52°7'30"Bgltudes and covers an area of 2500ha. Annual meafall
was 803 mm, with wet months between September abdubry, and a dry season, from April to Augustitédie
ranged from 700 to 850m. Soil was with silt-clagii® and clay-loam textures. Dominant tree specidéiseiradjacent
of roads were reporteflinus glotinosa, Acer sp, Fagus orientalis, Car@irhetulus, Zelkova carpinifolia, Quercus
castanifoliaand a few number gfarrotia persicatrees. All roads segments width was 5.5m and wteearea had
same traffic.

Experimental design and data collection

To investigate the influence of the roads on th@@ent regeneration, regeneration was sampleteirdifferent
plots along six transects that were situated pelipatar to the road. Each transects extended 40eitbar side of
the road and had five plots at 2.5, 7.5, 15, 2536w distances. In order to minimize the influen€éopographic
landscape controls on local microclimate, sampiirasg restricted to sites with followed requisitek} &s similar
elevation as possible (altitudinal limits betweesnsects: forest, 700—850 m; maximum altitudinabgeain which
forest develop: 900 m), (2) similar aspect (allshiles in Chamestan forest, were selected N, NWEr (3) low
variation in micro topography (e.g. absence ofdangulders or rocks) and slope, (4) similar comrig@th 5.5m in
all road segments and straight in shape and (5jvedapping with other linear infrastructures saahfire breaks,
power line corridors, habitation areas or areastroing relief (i.e. deep ravines or slopes). Withse restrictions, in
late of August and early September, transects a@nstructed at right angle from the road edge to #the forest
interior and between up-slope and down-slope doestfrom the road. The first transect was seleatmzidentally
at Chamestan region and other transects were asglatieast one tree length far away from previoarssect. The
edge was considered as the outeral limit of thificiat road surface. Five circle shape samplingtplwere placed
with an area of 12.56fand along each transect all tree regeneratiornh&Bcm and 5cm diameter (D.B.H.) were
measured under at the following distances from redge: 2.5, 7.5, 15, 25 and 35m (Fig.1). Tree reggion
densities, were averaged over the six plots in elisfance and the resultant means were used inagalgsis. A
two-way analysis of variance (ANOVA) was used tst tlor differences in tree regeneration mean ama@rgus
tree species and distances from road edge.

—

Forest road

25 75 15 25 35m

]

O circular plot for measurement tree regeneration

T Perpendicular transect

Fig 1- Sampling points on the adjacent forest road
RESULTS

Figure 2, illustrates the mean number of tree regdion in the different distances from road edfeere is no
significant difference between mean of tree regatiaan in 2.5, 15, 25 and 35m distances from roagkethe least
density of tree regeneration can be observed sh fiots of adjacent forest roads in 2.5m distad¢so, this figure
revealed that the most density of tree regenerdticated in plots with 7.5 m distance from roadeedgd decreased
from 7.5m distance to later to the interior forest.
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Fig 2- Mean number of treeregeneration in different distancesfrom road edge. Within each distances group,
means with the same lettersare not significantly different at a= 0.05 level.

Regeneration mean of various species in differéstadces of road edge can be observed in Tabledergiéy,
results showed that mean of tree regenerationcimesspecies (e.@lnus glotinosaandAcer sp Table 1) and small
seeded species (e.Mlurus albaand Ficus caricg Table 1) were most extent in close distancesotest road
especially in 7.5 and 2.5m distances respectidalyaddition, regeneration of two speciddirus albaandFicus
carica were observed only in first distance from road eed@/hereas mean number of shade-demand species
regeneration Kagus orientali} significantly was increased to the interior ofdst. Also semi loved-light species
(Carpinus betulugindParotia persica were higher in intermediate distances (15, 25uomfroad edge. The highest
regeneration of shade and light demand speEiagus orientalisandAcer sp respectively) was observed in 7.5 m
distance from road age.

Table 1- Mean number of regeneration for various speciesin different distances from road edge. Comparison among
distances conducted by (ANOVA) test. M ean with same letter within rows are not significantly different at a= 0.05

Tree species Distances from road edge (m)
Acer sp 2.57b 5.3a 1c 0.2¢ 0.03c
Alnus glotinosa 0.4ah  0.574 0.1k 0.0b 0.0b
Parotia persica 0.37 1.07ab 1.38a 1.53a 1.13ab
Carpinus betulug  0.07b  1.17a 14p 1.3a 0.4Bab
Fagus orientalis| 1.17h 2.633gb 3.37ab 5.83a 6.1l7a

1=}

Ficus carica 0.1 0.0 0.0 0.0 0.0
Morus alba 0.2a 0.0b 0.0b 0.0p 0.0p
DISCUSSION

From figurel, it is obviously recognizable that med tree regeneration is at least in 2.5 m distefnem road edge
in comparison with other distances. This can bdaexed by road construction events which may haaely or
totally destroyed a population, therefore remowatigevidence of previous recruitment events. Tlegdiency and
severity of disturbance events may have prevergeduitment [22]. All plots in 2.5m distance werecdted in
shoulder and have lower moisture content compavethé other microhabitats that reached this resutheir
researches [21]. Germination and growth of seeg@ernt® on moisture and environmental conditions sikight
availability [16] that act as environment barriersd affect the establishment of non native plaBks®n the other
hand, compaction of soil and highest soil bulk dgrend no detectable organic matter depth wererdsal in the
shoulder [21]. Soil compaction at the level foundhe present study may generally impede root droedpecially
in dry soils [2]. Problems with establishment of@aeration of many species in 2.5 m distance appeae related
to problems with competing vegetation and compastet[30]. Dense cover of competing vegetatiortha first
plots near the road edge, particulaiRupus hyrcanuand Sambucus ebulusgccount for the low densities of tree
regeneration observed on these sites. Competiggtation at ground level may be responsible for esom
regeneration failure [5]. There was a notable ateseri tree regeneration in all of the sampling pliot the 2.5m
distance from road edge, specially for loved—shamiies , for exampleagus orientaligfig 2). In these distances,
road construction and tree cutting along forestdspancreased light on the ground level. Most dgnsi
regeneration was observed in plots with 7.5m déstarfrom road edge because on that distance, ttietish was
natural and competitor species were less with asing of distance from road edge. (Figl). Frequesfcgxotic
plants decreased with distance from road edgetewian forest [20].Also compaction of soil was less in 7.5 m
distance compared to 2.5m distance, whereas meistumtent was more. Also [21] reclaimed this isgu¢heir
researches. In the plots located in 7.5m distarm® foad edge, light and semi light demand spedoesde and
concentrate in this zone. It appears that highléeg&disturbance in conjunction with increasedotgses of light
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and moisture, often results in high—density pojaoret along narrow road verges [22], especially7&&m distance
with less soil compaction. Regeneration of somellspead species such &cus caricaand Morus albawere
observed only in plots in the first 2.5 m distanfféig2). Light—tolerant species that would be etpd to be benefit
from the soil disturbance and seedbed preparatiosedl by road construction of operations, as vgatha increased
light from partial canopy removal and control ofdenstory plant competitors [8] reported successfgeneration
following strip clear cutting in the Peruvian Amaza\lso [30] observed that the regeneration of-B&mding tree
species also was enhanced on areas with soil ldéstoe. In the neo-tropics, these studies are stgapday
observations that regeneration of high-value sgesiech asnacrophyllaare depended on seedbed preparation and
or release of competition created by such largeidiances as fire and hurricanes [18] or river rdeas[24]. The
availability of seed in the various distances mayalso being an important factor determining thexess or failure
of regeneration of some commercial tree speciéghtidemand species suchfser spwould likely benefit from a
strip cutting system specially those using thaatesoil scarification near seed trees. However gémeral lack of
regeneration of all other species on all sitesnaigas of soil disturbance or light environmentateel by harvesting
indicates the need for post harvest competitiontrobrireatments to establish and or liberate consrakrtree
regeneration [11] especially for distances neardlael edge. Some species suclhesr spbenefited from increased
light intensities on plots near the forest roachédtspecies benefited from low densities of conmgetiegetation on
plots in 2.5 m distance with compacted soils. 8@turbance from road construction may also prometeuitment
by alleviating soil compaction and increasing maistinfiltrating [1, 25]. Finally, the intensive @rirequent road
construction events may exceed natural disturbeewiene and some relevant effects which may takedes:for a
population to fully recover from [26].
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