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Abstract. The present study aimed to examine the impacts of small (85.12 m2), medium (325.21 m?),
large (512.11 m?2) and very large (723.85 m?2) gaps on soil properties in a mixed beech - hornbeam
stand of northern Iran. As well as the value of pH, organic matter and carbon, total nitrogen, cation
exchange capacity (CEC), phosphorus, potassium, calcium, nitrogen mineralization, microbial
respiration, earthworms density and biomass of soil samples (0 - 15, 15 - 30 and 30 - 45 cm depths
from gap center, edge and closed canopy positions) were measured in laboratory. Significantly
effects of gaps size were found on soil properties as the highest values of CEC, density and biomass
of earthworms observed in small gaps. The highest values of carbon to nitrogen ratio, phosphorus,
potassium and calcium were detected in medium gaps. The most amounts of organic matter and
carbon, nitrogen mineralization devoted in very big gaps. Greater amounts of pH, total nitrogen
and microbial respiration were detected in big and very big gaps. It was found that gap position
had a profound effect on soil characters as the highest values of pH, organic matter and carbon,
total nitrogen, phosphorus, potassium, calcium, nitrogen mineralization, microbial respiration
observed in gap center. The greatest amounts of carbon to nitrogen ratio, CEC, density and biomass
of earthworms were detected in closed canopy. According to the results, soil upper layers showed
the highest values organic matter and carbon, soil nutrition elements and biochemical activities,
whereas the highest amounts pH, carbon to nitrogen ratio, CEC and density and biomass of
earthworms were observed in deeper soil. It is concluded that opening areas of canopy cover
should be less than 400 m2 in beech forests of northern Iran with considering of soil properties.
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Introduction

Beech (Fagus orientalis Lipsky) is one of the
most important forest species in the temperate
broad - leaf forest biome and represents an
outstanding example of the re - colonization
and development of terrestrial ecosystems and
communities after the last ice age, a process
which is still ongoing (MOSADEGH, 2000;
MARVIE MOHADJER, 2007). In the north of Iran,
pure and mixed oriental beech forests cover
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17.6 per cent of the surface land area and
represent 30 per cent of the standing biomass.
Beech is the most valuable wood - producing
species in the Caspian forests (RESANEH et al.,
2001). The beech trees are found in small
groups up to 500 m a.s.l. while individuals
have been reported from 110 m up to 2650 m.
At low altitudes, they occur mixed with
hornbeam (Carpinus betulus L.) (MARVIE
MOHADJER, 2007).
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Disturbance is ubiquitous in forest
ecosystems. Defined as "any relatively discrete
event in time that disrupts ecosystems,
community or population structure and
changes resources, substrate availability, or the
physical environment", disturbance determines
forest species composition, structure, and
process. Furthermore, disturbances exert their
influence over a wide range of temporal and
spatial scales. This disturbance, in turn,
promotes changes in resource fluxes, changes
that lead to some form of reorganization of the
disturbed patch or gap at structural and
functional levels that may be similar or
dissimilar to pre - disturbance levels. Resource
levels and inputs are changed and species
respond accordingly (MCCARTHY, 2001;
SAMONIL et al., 2009; JONASOVA et al., 2010;
KATHKE & BRUELHEIDE, 2010).

In Iran beech forests, formation of gaps by
wind throw is a characteristic natural
disturbance event. Gap size varies greatly from
the size of only a single crown to vast open
fields with diameters of many tree lengths.
However, changes in abiotic and biotic
conditions depend both on gap size and within
- gap position (HOLEKSA, 2003; KWIT & PLATT,
2003). Consequently, it is not easy to predict
how soil properties react to gap formation.
Disturbances caused by canopy gaps received
much attention in the last decades and they are
regarded as important factors in forest
dynamics. Canopy openings as a result of tree
falls create an environment different from the
adjacent forest, which influences plant
regeneration. In addition, gap processes partly
determine forest structure and play an
important role to maintain plant species
richness. Thus, the creation of gaps in forests is
an opportunity for the system to change in
both species dynamics and ecological processes
(MUSCOLO et al., 2007).

Although it is recognized that gaps modify
soil resources, few studies have focused on
below - ground processes (GRAY et al., 2002).
Soil processes are controlled by a set of
relatively independent state factors (climate,
organisms, relief, parent material and time)
and by a group of interactive controls (e.g.,
disturbance regime and human activities)
(JENNY, 1994). Forest gaps are examples of
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natural interactive controls with direct impacts
on state factors (e.g., climate and organisms).
Forest gaps represent dramatic top - down
trophic interactions between vegetation and the
soil ~ microbial - mediated processes
(SCHARENBROCH & BOCKHEIMV, 2007).

Most studies of gaps have addressed
vegetation dynamics, regeneration through
seedling establishment, effects of microclimate
variables on the regeneration and, in general
have concentrated on aboveground processes
(RITTER et al., 2005, MUSCOLO et al., 2007).
Relatively few studies have addressed
belowground effects of canopy gaps on soil
chemical and biochemical properties. Thus, the
objectives of this study were to examine the
impacts of small, medium, large and very large
gaps on soil properties, a "sink" and "source" of
plant nutrients in beech - hornbeam stands in
northern Iran. The present paper assesses
experimentally the effects of gap creation on
soil nutrient supply. Specifically, the following
hypotheses were tested: is gap size an
important factor in controlling nitrogen
mineralization, microbial respiration and
consequently organic matter breakdown and
nutrient amounts? The study included
investigation of soil properties and biological
activities about 4 years after gaps creation.

Material and methods

Site  characteristics. This research was
conducted in Tarbiat Modares University
Experimental Forest Station located in a
temperate forest of Mazandaran province in the
north of Iran, between 36° 31<: 56” N and 36° 32
117 N latitudes and 51° 47 49" E and 51° 47 56~
E longitudes. The maximum elevation is 1700
m and the minimum is 100m. Minimum
temperature in December (6.6°C) and the
highest temperature in June (25°C) are
recorded, respectively. Mean annual
precipitation of the study area were from 280.4
to 374 mm at the Noushahr city metrological
station, which is 10 km far from the study area.
For performing this research, 20 ha areas of
reserve  parcel (relatively  undisturbed)
considered that was covered by Fagus orientalis
and Carpinus betulus dominant stands. This
limitation had an inclination 60 - 70 percent
with northeast exposure at 546 - 648 m a.s.l.
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Bedrock is limestone - dolomite with sandy -
clay - loam soil texture. Presence of logged and
bare roots of trees is indicating rooting
restrictions and  soil  heavy texture
(ANONYMOUS, 2002). The current study is
based on several wind throw events in the
experimental forest station in during 2005 to
2006.

Gap selection. In the summer of 2009, twenty
hectare areas of Tarbiat Modares University
Experimental Forest Station were considered.
Geographical position and all of canopy gaps
were recorded by Geographical Position
System (GPS). Gaps required a minimum
canopy opening of 30 m? and trees growing in
the gap to be less than two thirds the height of
the closed adjacent forest (RUNKLE, 1992).
Canopy gaps areas were measured in the field
according to RUNKLE (1992). Sampling protocol
was built up by locating and measuring two
perpendicular lines in each gap: one along the
longest line visible and one perpendicular to it
at the widest section of the gap.

Soil sampling and analysis. For this purpose,
three positions were distinguished including
gap center, gap edge and closed canopy. Soil
samples were taken at 0 - 15, 15 - 30 and 30 -
45cm depths from all positions using core soil
sampler with 81cm?2 cross section (RAHMANI &
ZARE MAIVAN, 2004). Roots, shoots and
pebbles in each sample were separated by
hand and discarded. The air - dried soil
samples were sieved (aggregates were crushed
to pass through a 2 mm sieve) to remove roots
prior to chemical analysis. Soil pH was
determined using an Orion Ionalyzer Model
901 pH meter in a 1:2.5, soil: water solution.
Soil organic carbon was determined using the
Walkey - Black technique (ALLISON, 1975). The
total nitrogen was measured using a semi
Micro - Kjeldhal technique (BREMNER &
MULVANEY, 1982). The available P was
determined with spectrophotometer by using
Olsen method (HOMER & PRATT, 1961). The
available K and Ca (by ammonium acetate
extraction at pH 9) were determined with
Atomic absorption spectrophotometer (AAS)
and Cation Exchange Capacity (CEC) with
flame photometer (BOWER et al., 1952). Soil
microbial respiration was determined by
measuring the CO; evolved in 3 days
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incubation experiment at 25°C, in which 50 g of
each soil samples (remoistened to 55% its water
holding capacity) were placed in a glass jar.
Glass vial holding 10 ml of 0.5 M NaOH was
placed in the glass jar to trap the evolved CO..
The excess alkali, after precipitating the COs%
with 0.5 M BaCl; solution was titrated with
standard 05 M dequate HClI to a
phenolphthalein end point (ALEF, 1995).

Kinetic of nitrogen mineralization was
measured using a laboratory incubation
procedure under controlled conditions by 100 g
of each soil samples. Soil samples were with
moisture up to 55% of its water holding
capacity. The containers were closed tightly
and kept in the dark in a temperature -
controlled chamber at 25°C. The samples were
re-aerated weekly for adequate oxygen supply.
Nitrogen mineralization was estimated from
the increase KCI extractable inorganic N after
incubating soil samples for 56 days. Initial
inorganic N (NOs-N and NH;s-N) was analyzed
before incubation using the steam distillation
method (BREMER, 1965) after extraction with 1
M KCl for 2 h (soil: extracting ratio of 1:5). Final
inorganic N (NOs-N and NH;i-N) concentra-
tions were measured at the end of incubation
on day 56. Net N-mineralization was calculated
by subtracting initial mineral N from final
mineral N for each sample (ROBERTSON et al.,
1999). The earthworms were collected
simultaneously with the soil sampling by hand
sorting, washed in water and weighed with
milligram precision. Biomass was defined as
the weight of the worms after drying for 48
hours on filter paper at oven (60°C) (EDWARDS
& BOHLEN, 1996).

Statistical ~ analysis. Normality of the
variables was checked by Kolmogrov - Smirnov
test and Levene test was used to examine the
equality of the variances. Differences between
gap different areas, gap positions and soil
depths in soil characteristics were tested with
three - way analysis (ANOVA) using the GLM
procedure, with areas (small, medium, large
and very large), positions (gap center, gap edge
and closed canopy) and depth (0 - 15, 15 - 30
and 30 - 45 cm) as independent factor.
Interactions between independent factors were
tested also. Duncan test was used to separate
the averages of the dependent variables which
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were significantly affected by treatment. classes: four gaps in 30 - 200 m? area class
Significant  differences among treatment (small gap with area mean of 85.12 m?), five
averages for different parameters were tested  gaps in 200 - 400 m? area class (medium class
at P< 0.05. SPSS v.11.5 software was used for  with area mean of 325.21 m?), eight gaps in 400
all the statistical analysis. - 600 m? area class (large class with area mean
of 512.11 m?) and four gaps in more than 600
m?2 area class (very large class with area mean
723.85 m?). Result is indicating the most present
gaps in study area have 300 - 500 m?2 area.

Results

Canopy gap characteristics. Twenty one
canopy gaps with different areas were detected
in study site (Table 1). Gaps classified in four

Table 1. Characteristics of canopy gaps in study area

Gap class (m?2) Gap Gap area Minimum and maximum
number mean (m?2) of gap area (m?)
30 -200 4 85.12 40.11 - 130.13
200 - 400 5 325.21 260.12 - 390.30
400 - 600 8 512.11 435.22 - 589
> 600 4 723.85 626.12 - 821.58

Soil properties. Soil pH was significantly (P <  the first soil depth devoted in the highest
0.01) higher in very large and large gaps in  amounts (P < 0.01) of available K (Table 2 and
comparison to small and medium gaps (Table2  Fig. 8), whereas the maximum available Ca (P <
and Fig. 1). The highest value of this character =~ 0.01) was detected in medium gap, gap center
was detected in gap center position and deeper  position and soil upper layers (Table 2 and Fig.
layers of soil (Table 2 and Fig. 1). Organic 9).
matter and carbon significantly (P < 0.01) Gap sizes, position and soil depths were
increased with increasing size of the gaps, significantly (P < 0.01) different in terms of
decreased with soil depth and from gap center  nitrogen mineralization. As Table 2 and Fig. 10
to closed canopy (Table 2; Fig. 2 and 3). Greater =~ shows, its maximum values were detected in
amounts of carbon to nitrogen ratio were very large gaps, gap center position and soil
found in medium gap, closed canopy position  upper layers. The similar results was observed
and deeper layers of soil, significantly (P < in soil microbial respiration as the greatest
0.01) (Table 2 and Fig. 4). The greatest value of  values (P < 0.01) devoted in very large and
cation exchange capacity (CEC) resulted in large gaps, gap center position and upper
small gap, closed canopy and gap edge layers of soil (Table 2 and Fig. 11). Earthworm
position and beneath layers of soil. density showed descending trend from small
Significantly statistical differences (P < 0.01) gap to very large and significantly statistical
were considered for this character (Table 2 and  differences (P < 0.01) were detected (Table 2
Fig. 5). and Fig. 12). The assemblage of earthworms

Compare mean of total nitrogen in the gap ~ was more in closed canopy (P < 0.01) and 30 -
size indicated that large and very large gaps 45 cm depth (P < 0.05) than in the other
had the higher amounts (P < 0.01) than in the  position and depths (Table 2 and Fig. 12).
small and medium gaps. Gap center position  Earthworm different biomass was found in gap
and upper layer of soil had the greatest value  area classes, positions and soil layers
of this character in comparison to the other depending on earthworm density changes.
positions and depth (Table 2 and Fig. 6). Ascan  Biomass decreased (P < 0.01) towards the
be seen in Table 2 and Fig. 7, the available P greater areas of canopy openings (Table 2 and
was significantly (P < 0.01) greater in medium  Fig. 13). Closed canopy position and soil
gaps, gap center position and the 0 - 15 cm  deeper layers devoted in the greatest value (P <
depth than in the other treatments. Medium  0.01) of earthworm biomass (Table 2 and Fig.
gaps, gap center with gap edge position and  13).
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Table 2. Three - way analysis of soil
properties in gap different areas, positions and
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soil depths.
Soil Variables source F-
chara- Value
cter
Gap area 199.67*
Gap position 964.59"
Soil depth 3.39"
as Gap area x Gap position 54.63"
& Gap area x Soil depth 0.051s
Gap position x Soil depth 0.20ns
Gap area x Gap position x Soil 0.05ns
depth
Gap area 211.19*
& Gap position 1064.95"
-
£ Soil depth 94.09™
g Gap area x Gap position 50.88*"
E Gap area x Soil depth 0.72ns
go Gap position x Soil depth 0.42 s
O Gap area x Gap position x Soil 0.45ns
depth
Gap area 209.45™
g Gap position 1063.77*
=]
2 Soil depth 92.65™
S Gap area x Gap position 50.50"
= Gap area x Soil depth 0.74 ns
go Gap position x Soil depth 0.43 ns
o Gap area x Gap position % Soil 0.43 ns
depth
- Gap area 13.35"
& Gap position 176.26™
£ Soil depth 130.45
'E 8 Gap area x Gap position 5.69™
= g Gap area x Soil depth 0.58 ns
_§ Gap position x Soil depth 2.30ns
S Gap area x Gap position x Soil 0.44 s
depth
Gap area 8.27*
~ Gap position 9.54™
& Soil depth 16.92™
% 5 Gap area x Gap position 5.32"
U3 Gap area x Soil depth 1.00ns
\g/ Gap position x Soil depth 20.78"
Gap area x Gap position x Soil 1.16ns
depth
. Gap area 68.29"
D Gap position 526.92™
g Soil depth 211.74"
§° Gap area x Gap position 24.40™
- Gap area x Soil depth 0.48ns
= Gap position x Soil depth 1.89ns
E Gap area x Gap position x Soil 0.50 ns
depth
< > = | Gaparea 32.69*
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depth

Gap position 20.36™
Soil depth 5.54"
Gap area x Gap position 3.67"
Gap area x Soil depth 0.06 s
Gap position x Soil depth 0.14 s
Gap area x Gap position x Soil 0.20ns
depth
Gap area 14.88™
Gap position 5.42*
E & | Soil depth 4.80"
o< Gap area x Gap position 1.54ns
= %D Gap area x Soil depth 0.05ms
E = Gap position x Soil depth 0.07ns
Gap area x Gap position X Soil 0.03 ns
depth
Gap area 12.26™
o Gap position 34.63™
% = Soil depth 24.92"
I Gap area x Gap position 11.48™
% g | Gaparea x Soil depth 0.17ns
z Gap position x Soil depth 0.07 s
Gap area x Gap position x Soil 0.17ns
depth
Gap area 20.56™
g :’—g Ga.p position 181.27*
gE 2 Soil depth 49.41™
& .8 0| Gap area x Gap position 9.02
5 £ 7 | Gap area x Soil depth 0.92ns
< g ‘éo Gap position x Soil depth 0.90ns
5E Gap area x Gap position x Soil 1.85"
depth
Gap area 52.04™
= B Gap position 453.32™
5 5 <5 1_Soil depth 180.16™
ks s & 1 Gap area x Gap position 23.23"
E ‘& 2,1 Gap area x Soil depth 0.43 s
3 £ £ | Gap position x Soil depth 1.38ns
@ Gap area x Gap position X Soil 0.58ns
depth
o Gap area 28.70™
2 — Gap position 66.72"
L E Soil depth 4.31"
g 5 Gap area x Gap position 2.89"
5 "é Gap area x Soil depth 1.10ms
E 2 Gap position x Soil depth 1.16ms
L;:G = Gap area x Gap position x Soil 1.79ns
depth
- Gap area 26.78™
< Gap position 69.85™
.S o= Soil depth 523"
'; E Gap area x Gap position 2.86"
5 %D Gap area x Soil depth 0.77ns
- Gap position x Soil depth 1.81ns
S Gap area x Gap position x Soil 1.60ns

** Different

significant at the 0.05 level.

is significant at the 0.01 level. *Different is
(ns): Non significant

differences (P > 0.05).
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Discussion

Soil pH. The result is indicating that
large and very large gaps, gap center and 30
- 45 cm depth had greater pH than in the
other gap size, position and depths. Soil
acidification often occurs with NO? leaching
and nitrification (GUNDERSEN & RASMUSSEN,
1990); thus, it is unlikely gap disturbance
have a role in acidification of these forest
soils through NO3- leaching or increased
nitrification (GUNDERSEN & RASMUSSEN,
1990). Small gaps tended to have lower
amounts of soil pH that can be related to
presence complexes of sustain organic acids
as in gaps with more openings these
complexes are leaching from soil upper
layers. Thus, gap larger areas tended to
have higher pH. Similar status can be
considered in different positions of gaps as
in gap center leaching of acid complexes
more occurred and soil pH is increased.
SCHARENBROCH &  BOCKHEIM  (2007)
detected no significant differences in soil pH
character for gap different areas.
SCHARENBROCH & BOCKHEIM (2008) studied
the soil pH amounts in different positions of
gaps. Theirs research result is indicating soil
pH had no significant differences among
gap center, gap edge and closed canopy.
Soil pH higher amounts in soil deeper layers
can be related to lower values of organic
matter in soil beneath depths as inversely
relation found between these characters
(NOURBAKHSH et al., 2003; YASREBI et al.,
2003).
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Organic matter and carbon. The highest
values of these characters found in very
large gaps, gap center and soil upper layers
and significant differences were considered.
Density and particle size separations isolate
district soil organic matter pools for relating
stabilization and turnover of carbon in soil
(ELLIOT & CAMBARDELLA, 1991; GREGORICH
& ELLERT, 1993; SIX et al., 2002). Soil organic
matter associated with silt and clay particles
are considerably more recalcitrant, with
turnover times ranging from 400 to 1000
years (JENKINSON & RAYNER, 1977; PARTON
et al., 1988, BUYANOVSKY et al., 1994). Soil
microbial biomass is a mediator of carbon
turnover (PAUL & JuMaA, 1981) and is
essential as both a flow and source of plant
nutrients (SINGH et al., 1989). The microbial
biomass reflects long term quantitative and
qualitative carbon inputs in soil (MCGILL et
al., 1986; INSAM & DOMSCH, 1988). In this
research by reason presence of clay higher
amounts in soil texture (result is
unpublished) and microbes assemblage and
density  (with  considering  microbial
respiration values), the organic matter
amounts were more considerable in large
gaps. Soil upper layers had more organic
matter contents regarding near to litter
sources and plant residuals. However, gap
dynamics may be important in explaining
discrepancies in theories suggesting old
growth forests are inconsequential carbon
sinks (for example, ODUM, 1969, 1985) or are
actively accumulating carbon (BUCHMANN &
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SCHULZE, 1999, ZHOU et al, 2006).
SCHARENBROCH & BOCKHEIM  (2007)
reported the canopy gaps effects on soil
organic ~matter character was non
significant.

Total nitrogen. The most values of total
nitrogen found in gap large, gap center and
soil upper layers. RITTER et al. (2005) also
found that soil  solution  nitrate
concentrations and nitrate losses were
increased as a result of forest gaps. In Rocky
Mountain coniferous forests, PARSONS et al.
(1994a, b) found that the removal 15 - 30
trees together represented a threshold above
which significant losses of available
nitrogen to groundwater may be incurred.
Of course, in this research the similar status
can be occurred with formation of more
opening areas. Many researchers (PRESCOTT
et al., 2003; RITTER et al., 2005) observed the
non significant effects gap different areas on
soil nitrogen character. SCHARENBROCH &
BOCKHEIM (2008) claimed that canopy gaps
are susceptible to nitrogen leaching less,
thus the amounts of this character is less in
opening areas soil than in closed canopy.
Changes in nitrogen uptake, microclimate
(e. g., increased radiation, temperature and
moisture), and substrate associated with
gaps effect significant influence on forest
nitrogen dynamics. In general, increased
organic matter decomposition and nitrogen
mineralization and reduced root nitrogen
uptake tends to favour leaching of inorganic
nitrogen in gaps relative to the undisturbed
closed forest (e. g., MLADENOFF, 1987;
PARSONS et al., 1994a; 1994b; BRUMME, 1995;
ZHANG & ZAK, 1995; DENSLOW et al., 1998).
The indicators that have been used to
indicate N -saturation include increased N
deposition (JOHNSON & LINDBERG, 1992),
increased nitrogen mineralization and
nitrification (FOSTER et al., 1989), high soil
nitrogen accumulation with decreased soil
C/N ratios (MCNULTY et al., 1991; ABER,
1992), and increased NO3/NH#* ratios in
drainage waters (HEDIN ef al., 1995). Clear -
cut studies suggest the peak nitrogen loss
period to be 2 to 3 after the cutting with a
return to pre - cut levels after 5 years
(GUNDERSEN et al., 2006). Although minimal,
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SCHARENBROCH & BOCKHEIM (2008) results
show that nitrogen loss in these gaps, 6 - 9
years old, is significant relative to the closed
forest. Likewise, PRESCOTT et al. (2003) found
gaps in Canadian spruce - fir forests still had
significant nitrogen loss 7 years after
disturbance. RITTER & VESTERDAL (2006)
claimed that nitrogen concentration in
growth season is more in within gaps than
to closed canopy. In present study similar
results detected pay attention to this
research carried out in summer season. But,
it is assumed that nitrogen losses will
occurred after removal of the forest cover on
large areas. Plant diversity and regeneration
in the gap was vigorously growing and the
nitrogen demand of young trees is relatively
high until canopy closure. Thus, reduction
of nitrogen concentration at this site can be
strongly effected in use by plants as a
significant part of ecosystem nitrogen pool
must be accumulated in the living biomass
(MILLER, 1981). RITTER & VESTERDAL (2006)
mentioned that it takes a long time for a
reduction in solution nitrogen concentration
to take place when regeneration in the gap
develops slowly. A similar conclusion was
also reached by BARTSCH (2000) for gaps in a
German beech forest. In RITTER &
VESTERDAL (2006) research, an increase in
nitrogen concentration in the gaps in ALS
Ngreeskov and Rude forest in the second
year after gap formation indicates a delay in
response to the disturbance. Increased
nitrogen concentration in the gaps may
partly be attributed to a lack of nitrogen
uptake by regeneration or ground
vegetation in the early years after gap
formation, as also found by KNIGHT et al.
(1991). Therefore, in our study after 3 - 4
years of gaps formation wasn’t enough time
for nitrogen uptake by regeneration and
vegetation. RITTER & VESTERDAL (2006) also
pointed in the advanced regeneration in the
seventh year after gap formation was still
not enough to reduce  nitrogen
concentrations significantly. We suspect that
a long time is need to reduction of nitrogen
concentrations in within gaps, significantly.
Carbon to nitrogen ratio. The highest value
of this character detected in small and
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medium gaps, closed canopy position and
the third depth. With considering the
greatest amounts nitrogen observed in large,
very large gaps and soil upper layers, thus
greater C/N ratio found in small gap and
soil deeper layer depending to carbon and
nitrogen amounts.

Cation exchange capacity (CEC). This
character was significantly greater in small
gap, closed canopy and the third depth.
Clay percent content in soil texture can be
effective on cation exchange capacity
amounts. The highest value of clay was
detected in small gap, closed canopy
position and deeper layers of soil (result is
unpublished). Thus, cation exchange
capacity increased in these treatments
following more clay presence.
SCHARENBROCH & BOCKHEIM (2007) resulted
that gap positions (gap center, gap edge and
closed canopy) had non significant effects
on cation exchange capacity value. But,
fewer amounts were observed in gaps than
to closed canopy.

Awvailable P, K and Ca. Medium gaps, gap
center and upper soil had the greatest
amounts of base cations. In general, solar
radiation will increased with increasing of
canopy opening areas that is due to
accelerating decomposition of litters. But if
the opening be very large, decrease in base
cations in gaps is likely a result of leaching
losses. SCHARENBROCH & BOCKHEIM (2007)
reported the leaching is the most important
reason for decrease of base cations in within
gaps. Their results suggest an increased
nutrient leaching potential as a result of
relatively large (300 - 2000 m?) gaps in old
growth northern hardwood - hemlock
forests. The results of current research is
indicating that base cations leaching
potential increased with expanding of
canopy opening areas from medium to
large; thus soil is poor of nutrient elements
in large canopy gaps. This important should
be considered in forest management and
trees marking for utilization to prevent of
gaps formation with large opening areas.
Furthermore, plant diversity will increased
with increasing of opening areas in canopy
gaps (SHURE et al., 2006) that is observed in
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study area, also. On the other hand, nutrient
retention is dependent upon the balance
between inputs (atmospheric deposition, gas
adsorption/fixation), transformations
(mineral weathering, mineralization of soil
organic matter), and outputs (soil leaching
and volatilization) (BRUJNZEEL, 1991;
LESACK & MELACK, 1996). Canopies tend to
enhance nutrient concentrations of incident
precipitation (PARKER, 1983; LINDBERG &
OWNES, 1993). There is a strong negative
relation in nutrient elements with the
amounts of precipitation. Total nutrient
deposition, on the other hand, is positively
related to precipitation amounts (PARKER,
1983). Therefore, leaching potential of soil
nutrient will increased with expanding
canopy gaps. Removal of canopy cover is
generally known to increase water drainage
and stream flow. This is reported from
thinning, clear -fallings and gap formation
(e.g. KNIGHT et al., 1991; LESCH & SCOTT,
1997) and is also supported by the present
study. In a study in a heterogeneous forest
with mixed tree species, ZIRLEWAGEN & VON
WILPERT (2001) emphasised the role of small
- scale structural variation. They found
crown interception to be a main factor
reducing water fluxes, while crown gaps
increased water fluxes. These effects were
enhanced by variable root densities and thus
water uptake. An influence of the forest
structure (canopy, roots), tree sizes, species
composition, soil properties and soil
solution chemistry was reported in other
studies (KOCH & MATZNER, 1993; BEIER,
1998), and hyrcanian forests of Iran are
characterized by high variability in most of
these parameters.

Nitrogen mineralization. The maximum
values of nitrogen mineralization observed
in very large gaps, gap center and 0 - 15 cm
depth. Decomposition and mineralization
tend to increase where smaller, non-
occluded substrates that are low in resistant
compounds (e.g., lignin), and high in
available nitrogen are present (i.e., C/N
ratio) (WAGNER & WOLF, 1998). Through the
loss of canopy trees and subsequent
alteration of the existing vegetation
dynamics (e.g., BUSING & WHITE, 1997;
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WEBSTER & LORIMER, 2002), gaps likely also
impact the microbial substrate. Through top
- down trophic interactions, gaps alter the
soil environment and substrate for microbial
- mediated processes. In current study,
carbon and nitrogen amounts created a
condition that is due to increasing of
nitrogen mineralization in mentioned
treatments. However, organic matter
decomposition and nutrient mineralization
may be greater in gaps than in the closed
forest (MLADENOFF, 1987; PARSONS et al.,
1994a, b; ZHANG & ZAK, 1995; BRUMME,
1995; DENSLOW et al., 1998) that is according
to results of this research. SCHARENBROCH &
BOCKHEIM (2007) resulted that nitrogen
mineralization was significantly greater in
gap center and edge positions in compare to
closed canopy. BAUHUS (1996) found that
nitrogen mineralization decreased with time
in gaps relative to the forests, and
hypothesized that mineralizable substrate
had been depleted under gap conditions. Of
course, the decrease  of  nitrogen
mineralization is predicted in this research
also. But, this decrease isn’t logical by
reason of substrate depleting. Because of
with considering presence of deciduous
broad leaved trees (leaf litter fall) in studied
ecosystem, very much litters gathered in
forest floor every year that are as pool of
nutrition elements for mineralization. But,
reduction of nitrogen mineralization is
related to decreasing intensity solar
radiation within gaps with gradual closing
of opening areas in along time. RITTER &
VESTERDAL  (2006) pointed that gap
disturbance is due to increasing of nitrogen
mineralization in forest ecosystems that is
according to this research. It was found the
impacts on  nitrogen mineralization
decreased from the forest floor to the upper
mineral soil by reason decreasing of
substrate content to soil deeper layers.
Microbial respiration. This character was
significantly greater in very large gaps, gap
center and 0 -15 cm depth. Microbial
processes are regulated by a variety of
substrate and environmental conditions.
Microbial activity generally increases with
adequate soil moisture and aeration,
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warmer soil temperatures (optimum of 30 -
45°C), and a near - neutral soil pH to allow
for diverse active microbial populations
(WAGNER & WOLF, 1998). It is imagined that
these conditions are more appropriate in
very large gaps, gap center position and soil
upper layers in site area that is due to
gathering of different microbes and
increasing of soil microbial respiration

amounts. The effects gaps have on
microclimate are important as solar
radiation, soil moisture, and soil

temperature have direct impacts on soil
microbial processes (WAGNER & WOLEF,
1998). SCHARENBROCH & BOCKHEIM (2007)
recognized that gaps modify soil resources
and create an appropriate condition for
microbes different activity that is confirming
results of current study. In contrast, gaps
can also adversely affect microbial activity
and biomass through dramatic temperature
increases (ZHANG & ZAK, 1995;
ARUNCHALAM et al., 1996). Of course, greater
microbial respiration in gap location in
compare to closed canopy is indicating
appropriate condition for activity of
microbes. BAUHUS & BARTSCH (1995) and
also SCHARENBROCH & BOCKHEIM (2007)
observed that microbial activity increased in
gaps, likely due to microclimate changes. In
addition, gap microbial activity is negatively
impacted as a result of decreased substrate
availability. They believed that gap edges
may represent regions of optimal
microclimate and substrate availability for
microbial - mediated processes. But, in
current study pay attention to presence of
broad leaved trees, the shortage of substrate
isn’t visible and microclimate condition is
appropriate for microbe’s activity within
gaps. Thus, we suspect that within gap
(especially gap center) has more appropriate
conditions for different microbes activities as
microbial respiration was increased in this
position. BAUHUS & BARTSCH (1995) found
leaf litter fall in gaps to be 75% of the
adjacent closed beech forest. Although,
litters mass is fewer in within gap than in
closed canopy, but intensity solar radiation
is greater in within gap that is due to more
accelerate decomposition of litters. Thus,
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greater available nutrient elements are
gathered in within gap that can be used by
microbes.  Disturbances influence the
microbial community locally through
microclimate change (MCGILL et al., 1986;
INSAM et al., 1989), and temperature and
moisture are positively correlated with
microbial activity (BUNNELL et al., 1977).
The soil microbial biomass responds more
quickly to disturbance than does the amount
of organic matter in the soil (INSAM &
DoMsCH, 1988) thus, it can be more sensitive
index in disturbances of forest ecosystems
(ANDERSON & DoOMSCH, 1989). BAUHUS
(1996) found a substantial decrease in
microbial biomass in the gap center
compared to gap edge and found equal
microbial biomass in the forest and gap
edge. The other research showed that with
gap disturbance it is expected that soil
bacteria will increase and fungi decrease
(BRADY & WEIL, 2002; COLEMAN et al., 2004).

Earthworm density and biomass. These
characters were significantly greater in
small gaps, closed canopy position and soil
lower layers. The most important effective
factors can be soil higher moisture and
lower temperature in small gaps (SALEH
RASTIN, 1978). Almost, 80 to 90 % of
earthworms live weight is water, thus soil
moisture is essential for their life and will
kill  them  (SALEH RASTIN, 1978).
Furthermore, soil moisture amounts have
descending trend with increasing of canopy
gaps but soil temperature has ascending
trend (SCHARENBROCH & BOCKHEIM, 2007).
Thus, earthworm density and biomass is
decreased with increasing of canopy cover
opening areas by reason of soil moisture
reduction and increase of temperature. As
similar, closed canopy position has greater
soil moisture and less temperature in
compare to the other positions. Therefore,
this position created more appropriate
condition for gathering of earthworms. Gap
edge has medium condition for assemblage
of earthworms than to gap center and closed
canopy. In general, low moisture and high
temperature created fatal conditions for
earthworms (NACHTERGALE et al., 2002) in
gap center. Earthworms  (especially
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endogeic) are able to migration more
beneath layers and avoid of soil drought,
especially in summer season (HALE & HOST,
2005). Thus, earthworms were gathered in
soil lower layers in this research with
considering weather heating in growth
season (summer).

Conclusion

Forest gaps irregularly affect the
availability degree of materials and micro
region resources, soil and the site. The
existence of the above - mentioned factors
are changeable in time and place. The
purpose of the present study was
recognizing the appropriate way in forest
management that prevents the wasting of
materials and sources in forest ecosystems.
So, it is clear that using the gaps in medium
area is an appropriate guideline to maintain
the balance in cycle of food materials and
the climatic factors of temperature, moisture
and transmittance light especially in
temperate ecosystems. In conclusion, within
the range of gap sizes included in this study,
results have shown that gap size is effective
on soil chemical and biochemical. However,
on the basis of the results, we believe that
the creation of medium gaps (200 - 400 m?)
may be important from an ecosystem
perspective representing the appropriate
management procedures for an adequate
conservation of ecological functions, capable
to preserve soil properties and favour beech
natural regeneration. Since this study was
not replicated across a range of site types,
we cannot generalize our conclusion. We
hope that these results will be tested in a
replicated study to determine whether they
are general. We believe that such a study in
different natural forest could be conducted
using the set of measurements and the
analytical tools we have presented.
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