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ABSTRACT: Physiographic factors along with edaphic conditions play a crucial role in establishment of plant
species throughout a region. Identification of the most effective factors is of high importance in sustainable management
of a forest ecosystem. This study aims to investigate the relationships between understory vegetation and some
environmental factors in natural forest ecosystems. This study has been carried out among the Fagetum orientalis
communities of Ramsar Region, located in the north of Iran. For this purpose, 105 releves were sampled by a randomized-
systematic method throughout the study area, using the Braun-Blanquet scale. Physiographic parameters such as
elevation, as well as slope and orientation were measured. By identification of the herb-layer vegetation contained in
each sampling, vegetation composition and cover abundance of species were separately identified. Then, the
aforementioned properties of soil were entirely measured in the taken samples. Cluster analysis and detrended
correspondence analysis have been applied to classify the site. Moreover, in order to determine the relation between
species composition and environmental factors, canonical correspondence analysis was used. Results showed a significant
relation between distribution of plant types and environmental factors. Eventually, environmental factors including
slope, orientation, silt percent, pH, organic matter and soluble phosphorous were among the most effective factors in
establishment of Hedera pastuchowii, Solanum kieseritzkii, Oplismenus undulatifolius, Sedum stoloniferum, Rubus

hyrcanus and Saxifraga cymbalaria species.
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INTRODUCTION

One of the main objectives of silvicultural
management is the sustainable utilization of natural
resources, often strived for through close-to-nature
forestry. However, to support the socio-economic
functions of the forest ecosystem, the conservation of
stable and productive forests with diverse tree species
must be ensured (Mélder et al., 2006; 2008). The effects
of environmental variables on plant communities have
been the subject of many ecological studies in recent
years (Pintoetal., 2006; Naginezhad et al. 2008; Ramirez
et al., 2007; Mahmood and Athar, 2008; Lepetu et al.,
2009; Kord et al., 2010). Effective and appropriate
management of natural resources cannot be provided
without a comprehensive scientific recognition.
Therefore, ecological study of present resources, as
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well as the environment can establish a proper
equilibrium between forest production and logging
(Gueuetal., 2007; Igwe et al., 2008; Mataji et al., 2009).
As plant coverage exposes different environmental
factors such as microclimate, soil, light and
physiographic properties, the direct measurement of
these factors needs a costly plan (Daubenmire, 1976).
To overcome this issue at low cost and within a short
time, determination of ecological groups throughout a
region isapplied (Meilleur and Bergeron, 1992). In other
words, plants reflex a complex of environmental
properties, including climate and soil variables
(Ellenberg, 1992). By direct identification of plant
communities, it is strongly possible to detect the
dominant conditions on the forest, plant species with
similar ecological needs, as well as the plant community
itself (Hassanzad Navroodi et al., 2004). Identification


IJEST
Placed Image



A. Mataji et al.

of homogenous sites according to the plant coverage
involves a highly attentive process which eases the
further studies (Spies and Barnes, 1985; Pourhashemi
etal., 2004). Ordination and classification are effective
techniques for multivariate analyses of community
structure in vegetation ecology (Zhang et al., 2008).
Plant communities are separated from each other
based on indicator species in combination with a
distinctive floristic composition (Eshaghi-Rad et al.,
2009). Upon the recent studies, soil variables are
among the most important factors of site in
classification of plant communities (Archambault et
al., 1989; Zahedi Amiri and Mohammadi Limayi, 2002).
The herb-layer vegetation grown throughout the
ground of the forests have a short lifetime and fewer
changes towards the environmental factors; therefore,
they normally report more logical results in
classification of forest site especially during the high
condition varieties (Schmidt, 2005; Bernhardt-
Romermann et al., 2007; Karimzadegan et al., 2007).
Herb-layer vegetation contributes significantly to
ecosystem functioning in forests (Augusto et al.,
2003). Moreover, tree and herb layers are favoured in
silviculture, as long as herb-layer vegetation does
not compete with tree regeneration for light, water
and nutrients (Morris et al., 1993; Coll et al., 2003).

Hence, according to the importance of
aforementioned items, this study aims to provide the
following goals using study of herb-layer vegetation
and edaphic conditions:

The most crucial soil factors and site parameters are
identified using investigation of the relationship of
herb-layer vegetation and physiographic and
edaphic conditions.

The species with similar ecological needs are
identified.

MATERIALS AND METHODS
Study area

This study has been carried out throughout the
beech (Fagus orientalis Lipsky) communities located
along the northern facing slops of Ramsar forest (Fig.
1), at an altitude of 1000-1300 ma.s.l., in the north of
Iran (36°49" 26" N latitude and 59° 30" 28" E longitudes).
The dominant soil type of the area is acidic and forest
brown classified within the Dystrochrepts groups.
Average annual precipitation is 1200 mm and the mean
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annual temperature is estimated to be 15 °C
(Samghabodi et al., 2004). Fagetum hyrcanum has been
detected as the dominant community and Fagus
orientalis, Alnus subcordata, Carpinus betulus, Geum
urbanum, Asperula odorata are the most frequent tree
and herb-layer species.

Sampling and analysis of data
Herb-layer vegetation

In order to sample the plant coverage using the
minimal area method in the recent study was identified
(Mataji et al., 2007) and 105 releves were sampled using
a randomized-systematic method. Firstly,
physiographic parameters such as elevation, as well
as slope and orientation were measured by means of
Altimeter and clinometers, respectively. Then, by
identification of the herb-layer vegetations contained
in each sampling, presence percent of species were
separately identified. Geographic orientation was
quantified by the following correlation to be applied in
multivariable analysis (Fu et al., 2004):

A’ = (Cos (45-A)+1)

Where, A is the azimut amount of the orientation.
Also, for identification and classification of vegetation
cover, the method of Braun-Blanquet (1932) combined
abundance-cover scale was used.

Soil

Due to a mutual relation between the plant
communities and soil properties, the whole samples
were taken of 0-30 cm depth (below the organic
layers).soil properties, including texture, pH, soluble
calcium, soluble magnesium, total nitrogen,
phosphorous, soluble sodium , soluble potassium and
organic matters were measured in laboratory. The
aforementioned properties were respectively measured
by hydrometer method, pH meter, Titration with soluble
EDTA method, Kjeldahl method, Olsson method, flame
photometry and finally Walkley-Black method.

Statistical analysis

Cluster analysis was applied to determine the
ecological groups. This is a collective classification
method which initially measures the distance matrices
between the sampling plots, then select and compound
two groups among the tested groups. Sorenson method
and Flexible beta have been applied to measure the
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Caspian sea

Gilan Province

Fig. 1: Location of the study area

distance between the sampled species and combination
of the groups, respectively. In order to select the
optimized number of clusters, Indicator species
analysis was applied. Sample plots were also ordinated
based on species composition and abundance using
detrended correspondence analysis (DCA), (Hill and
Gauch, 1980). The relationship of plant coverage and
measured environmental variables were then identified
by canonical correspondence analysis (CCA). In this
manner, the location of the taken samples was measured
towards the variables in a coordinate system and using
afactorial system (Hassani Pak and Sharafodin, 2005).
In other words, this method shows simultaneously the
environmental variables and distribution of plant
species (Ter-Braak, 1986). The length of vector in each
axis reports the correlation between the axis and the
related variables. The longer the vector, the higher
is the correlation level. Using the Kolmogorov-
Smirnov test, the normalization of the variable
distribution is investigated. Multivariate analysis of
the species is also performed by PC-ORD version

4.14 (McCune and Mefford, 1999). In addition, SPSS,
version 12.0 is applied to study the correlation
between the variables.

RESULTS AND DISCUSSION

Using cluster analysis, forest ecosystem was
classified into different groups. Dendrogram of the
cluster analysis is shown in Fig 2. The samples with
similar floristic composition were arranged beside and
separated from other sampling parts. The results
showed that 3 clusters are greatly suitable for analysis.
Figs. 3 and 4 show the ordination results of the
detrended correspondence analysis of all sampling
plots in the first 3 axis. As shown in the same Figs,
sampling plots of first group are located in the negative
part of the first axis of diagram, whereas the second
group is placed in the positive part. This is mainly due
to the difference in site conditions of the
aforementioned groups. The highest evaluation
reported for 11" and 24™ sampling plots contained in
1t and 2" groups, respectively. The both mentioned
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Fig. 2: Dendrogram of cluster analysis of the herb-layer vegetation in the study area
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Fig. 3: First two DCA ordination axes obtained based on all plots
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Fig. 4: DCA ordination axes obtained based on sampling plots in first and third axis
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Fig. 5: Classification diagram of the canonical correspondence analysis of herb-layer vegetation, as

well as the most important physiographic and soil factors (soluble potassium (K), organic
matter (OM), slope (s), elevation from sea level (E), silt percent and pH) in 1% and 2" axis
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sampling plots are the particular definer of two groups
(1 and 2) with entirely different edaphic and
environmental conditions. Moreover, sampling plots
of third group located in the central part of coordinate
axis inclined towards the positive sections of the
second and third axis.

Canonical correspondence analysis isapplied in order
toinvestigate the relation of environmental factors and
plant coverage. Eigenvalue of 3 axes were 0.27,0.19 and
0.13, respectively. The first axis has shown the positive
(0.296) and negative (- 0.69) correlation with pH and
slope factors, respectively. Second axis had a relatively
high positive correlation with elevation factor. In contrary,
the same axis showed a negative correlation with organic
matters. However, the same positive and negative
correlation has been reported between soluble potassium
and ssilt content in the soil with second axis, respectively
(Fig. 5 and Table 1). Fig. 5 reveals that the establishment
of Hedera pastuchowii, Solanum kiesereritzkii located
in the negative parts of the first axis were mainly affected
by region slope and tends to the high slope grounds.
Oplismenus undulatifolius, Epimedium pinnatum and
Fragaria vesca in the positive section of the 1% axis

were located in the soils with higher pH levels. Potassium
content in soil is considered as the most substantial
factor in the presence of Sedum stoloniferum and Rubus
hyrcanus. However, elevation from the sea surface was
reported as the crucial factor in the growth of Saxifraga
cymbalaria and Primula heterochroma. Dryopteris
filix-mas and Cephalantera longifolia were observed
in the forth quarter in the orientation of soluble
potassium (K) and organic material (OM) axes (Fig. 5).

Among the soil properties, soluble phosphorous
had the highest correlation with the negative part of
the third axis. Also, it was reported to have a high and
low negative value in the third and first axis,
respectively for Cephalantera longifolia located in
the forth quarter.

In general, the species grown within the 1%, 3¢, 4™
quarters are substantially affected by physical as well
as chemical factors. However, the physiographic
factors affect on the second quarter species (Figs. 5,
6). Results of Pearson Test demonstrated that pH of
soil has a negative correlation with soluble potassium,
sand percent and altitude factors and a high positive
correlation with silt percent. A significant correlation
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Fig 6: Classification diagram of the canonical correspondence analysis of herb-layer vegetation, as well
as the most important physiographic and soil factors (soluble phosphorous (P), organic matter

(OM), slope (S) and pH) in the first and third axis
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Table 1: Correlation ratio in 3 axes and the Pearson correlation ratio between the environmental variables and soil properties
Correlation coefficients
axisl axis2 axis3  pH oM K N P Na Clay St Sand Ca Mg E S As
pH 029° 0266 007 1
oM 0126 049" 037 -0.16 1
K 0175 -0368 -0.19 -0.32**  0.08 1
N 005 -0111 027 009 040 0.27* 1
P 0015 0018 -08** 015 022 001 018 1
Na 0147 0187 039 015 -004 006 -001 0.34** 1
Clay 023 0023 026 009 004 -013 -021 -008 -0.02 1
Silt 0074 0369 -008 0.28* -032** -026* -026* 004 013 008 1
Sand 0137 -0226 015 -024* 016 024* 032 004 -007 -081** -0.64** 1
Ca 0249 0205 024 021 030 -003 028 -001 -007 008 -015 003 1
Mg 0419 0333 007 014 005 006 007 -011 -015 -006 -0.33** 0.24* 0.23 1
E 01 060 002 032 009 -014 -004 -006 -014 -007 -026* 020 -008 0.19 1
S 069 0263 015 -015 023 033** 013 -008 -001 004 -0.03 -001-005 0.35** 034> 1
As 0288 0034 003 021 010 020 015 001 021 -017 -0.28* 030* 016 0.6 043** 003 1

**Correlation is significant at the 0.01 level (2-tailed)

*Correlation is significant at the 0.05 level (2-tailed)

Table 2: Correlation between herb-layer species and environmental variables

Carex Sanicula Epimedium Viola Tamus Cruciata  Fragaria Cephalantera Oplismenus
digidata europea  pinnatum odorata communis taurica vesca longifolia undulatifolius
pH  Pearson Correlation 0.165 0.282* 0.32** 0.23 0.244* 0.301*  0.24* 0.196 0.19
Sig.(2-tailed) 0.177 0.019 0.09 0.057 0.044 0.012 0.05 0.106 0.12
OM Pearson Correlation -0.104 -0.23 -0.03 -0.297* -0.196 -0.292* -0.02 0.118 0.10
Sig.(2-tailed) 0.394 0.057 0.8 0.013 0.106 0.015 0.91 0.333 0.41
K Pearson Correlation 0.066  -0.378** -0.23 -0.283*  -0.325** -0.348** -0.09 -0.115 0.02
Sig.(2-tailed) 0.591 0.001 0.05 0.019 0.006 0.003 0.44 0.384 0.88
N Pearson Correlation  0.099 0.009 0.09 -0.023 -0.74 -0.075 0.06 0.114 0.20
Sig.(2-tailed) 0.42 0.939 0.45 0.854 0.544 0.538 0.64 0.351 0.10
P Pearson Correlation -0.129  -0.105 -0.01 -0.002 -0.124 -0.106 0.06 0.489**  0.40**
Sig.(2-tailed) 0.292 0.389 0.94 0.989 0.309 0.386 0.61 0 0.001
Na  Pearson Correlation -0.18 -0.19 0.15 0.078 -0.022 -0.009 0.17 0.53** 0.21
Sig.(2-tailed) 0.882 0.876 0.212 0.526 0.859 0.94 0.171 0 0.07
Clay Pearson Correlation -0.112 0.158 -0.058 0.122 0.107 0.121 0.02 0.06 -0.09
Sig.(2-tailed) 0.361 0.195 0.64 0.319 0.383 0.322 0.92 0.624 0.48
Silt  Pearson Correlation -0.038 0.12 -0.08 0.014 0.014 0.027 0.31* 0.017 0.05
Sig.(2-tailed) 0.755 0.325 0.50 0.912 0.911 0.823 0.01 0.888 0.69
Sand Pearson Correlation 0.109 -0.19 0.09 -0.1 -0.089 -0.108 -0.18 -0.055 0.04
Sig.(2-tailed) 0.372 0.117 0.45 0.412 0.467 0.375 0.12 0.651 0.75
Ca  Pearson Correlation -0.041  -0.022 0.03 0.038 0.129 0.022 -0.20 0.325** 0.06
Sig.(2-tailed) 0.74 0.86 0.80 0.756 0.292 0.86 0.98 0.006 0.62
Mg Pearson Correlation -0.038  0.382** 0.17 0.322** 0.584** 0.423** -0.19 -0.075 -0.04
Sig.(2-tailed) 0.758 0.001 0.16 0.007 0 0 0.11 0.539 0.75
E Pearson Correlation  0.013 0.317** 0.15 0.244* 0.301* 0.331**  0.279* -0.147 -0.03
Sig.(2-tailed) 0.917 0.008 0.23 0.043 0.012 0.005 0.02 0.229 0.80
S Pearson Correlation -0.268*  0.299* 0.05 0.162 0.384** 0.27* -0.11 -0.061 -0.18
Sig.(2-tailed) 0.026 0.012 0.67 0.183 0.001 0.025 0.38 0.621 0.16
As  Pearson Correlation -0.195 0.112 0.01 0.062 0.069 0.054 -0.16 0.124 -0.07
Sig.(2-tailed) 0.108 0.361 0.92 0.61 0.572 0.662 0.199 0.311 0.57
**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)
635


IJEST
Placed Image



Understory vegetation in forest ecosystems

was detected between the silt and sand percent and
pH, soluble potassium and total nitrogen (Table 1).
Although, soluble phosphorous showed a sole
positive correlation with soluble sodium (at 0.01 level),
slope factor is greatly affected by soluble potassium
and Magnesium (at 0.01 level) (Table 1). Table 2 shows
that soluble Magnesium has a positive correlation with
Viola odorata, Sanicula europea, Tamus communis,
Cruciata taurica. Epimedium pinnatum, Cruciata
taurica, Fragaria vesca and a sole correlation were
reported between slop factor and Carex digidata
(Table 2).

CONCLUSION

Identification of the homogeneity throughout the
site is of high applicability in variable sciences in order
to simplify the further studies (Pourhashemi et al.,
2004). Analysis of plant coverage, as well as
identification of ecological groups is the most suitable
and accurate method in site classification. Since,
plants are considered as the most appropriate definer
and factor in the classification of the site, determine
of homogenous groups of species is of high accuracy
(Spies and Barnes, 1997). Moreover, soil properties
play a crucial role in this purpose (Archambault et al.,
1989; Niepolla, 1993). The aforementioned
classifications can be also applied to the samplings
in soil studies, as well as investigation of the relation
of ecologic variables (Pourhashemi et al., 2004).
Correlation results showed that Sanicula europea,
Tamus communis, Cruciata taurica, Epimedium
pinnatum and Fragaria vesca had a key correlation
with pH of soil. However, Cephalantera longifolia
and Oplismenus undulatifolius showed a correlation
with Na, P and Ca and phosphorous, respectively.
Zas and Alonso (2002) reported that D.cantabrica
and Erica sp. is correlated with pH of soil; L.postrata
and D. cantabrica species with low amount of soluble
phosphorous (P) and Erica sp. with low amount of
soluble Ca and Mg. the presence of these species is
highly affected by the aforementioned soil parameters
respectively. Aubert (1987); Carlile and Bedford
(1988); Harig (1987) proved a correlation between the
Erica sp. with high amount of pH and Ca. Canonical
correspondence analysis showed that silt percent,
organic matter, soluble phosphorous and potassium
are among the crucial edaphic factors. Ruggieroet al.
(2002) demonstrated that clay and silt percent, pH, K
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and aluminium play a key role in the establishment of
some of the plant species in Brazilian forests. Heydari
et al. (2009) reported that organic matter, pH, total N,
silt percent and saturated moisture are among the
important factors in distribution of the species
throughout the western Iran. However, Eshaghi-Rad
et al. (2009) found that clay percent, total N,
phosphorous, OM and commutative cations are as
important elements in distribution of species in the
forest of northern Iran. Results showed that among
the physiographic factors (slope, orientation and
elevation), the first two are the most important ones in
the establishment of Hedera pastuchowii, Solanum
kieseritzkii and Saxifraga cymbalaria. According to
Heydari et al. (2009), elevation factor is highly
effective in establishment of Galium verum and
Bromus tectorum. Baruch (2005) and McNab et al.
(1999) identified elevation as the most important
factor. Each species has a relation with the ecological
and physiographic conditions and soil properties,
therefore, the obtained results are applicable just in
the similar regions. Using multivariate analysis and
also due to the high accuracy of the mentioned
methods in analysis of the effects of environmental
factors on the plant coverage, understanding of the
complex relations between the species and the
environment become easier. Eventually,
environmental factors including slope, orientation,
silt percent, acidity, organic material, soluble
phosphorous were among the most effective factors
in establishment of Hedera pastuchowii, Solanum
kieseritzkii, Oplismenus undulatifolius, Sedum
stoloniferum, Rubus hyrcanus and Saxifraga
cymbalaria species.
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