
World Applied Sciences Journal 22 (3): 434-441, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.22.03.202

Corresponding Author: Amin Khademi, Department of Green Space Engineering, 
Malayer Branch, Islamic Azad University, Malayer, Iran.
Tel: +989126364011, Fax: +985812230154.

434

Determining Correlation Between Sequential Stages
and Edaphic Condition in the Managed and Unmanaged

of Fagetum orientalis L. Forests in Iran

Amin khademi, Seyed Reza Fatemi Talab,1 2

Morteza Madanipour Kermanshahi and Behrouz Kord3 1

Department of Green Space Engineering, Malayer Branch,1

Islamic Azad University, Malayer, Iran
Department of Forestry, Abadeh Branch, Islamic Azad University, Abadeh, Iran2

Department of Forestry, Shabestar Branch, Islamic Azad University, Shabestar, Iran3

Department of Green Space Engineering, Malayer Branch,1

Islamic Azad University, Malayer, Iran

Abstract: The rationale behind this study comes from the fact that studying natural stands' conditions,
distinguishing different development stages and following dynamic procedures of virgin forests help
researchers utilize an appropriate method to preserve productivity and constancy of forests. This study has
been conducted in the Fagetum orintalis L. community of northern forests of Iran, Ramsar. The dynamics and
structures of each of the areas under study of Ramsar can be described in time and space according to the
mosaic-cycle concept. A specific model of the forest cycle in Ramsar was developed, including three sequential
stages. In order to study and compare the edaphic factors of the two areas, soil samples were picked out from
the depth of 0-30 cm of the ground. The initial, optimal and decay stages were observed in both of these two
areas. Most repetitions of plots of the managed area were in the initial stage while those of the unmanaged area
were in the decay stage. The results of PCA analysis showed that in the unmanaged area, Mg, absorbable P,
absorbable Ca and pH variables were the most important edaphic factors while clay, slit, absorbable P, OM and
pH variables were the most important edaphic factors of the managed area.
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INTRODUCTION This approach also maintains that to have a suitable

Recent research on the effectiveness of traditional information about the basics of growth and development
forest management and whether it is in correspondence as  well  as  knowing  how  natural  structures can be
with some criteria such as protecting environment, under the influence of natural factors. Quoting from
nutrient cycling and securing long-term stability of the Emborg et al. [1] assumes that without paying attention
forest ecosystem have led foresters to study various to these factors, there is a danger of losing forest balance
aspects of constant forestry. As different studies have due to meddling. During the last century, because of a lot
shown [1-3], a kind of forest management which is based of reasons among which the ability of showing the
on principles of Nature-based silviculture can be changes in the species and other characteristics of
considered as a an appropriate approach to meet the ecosystem are, a lot of ecological studies have been
criteria of constant forestry. This approach aims at devoted to  the   phenomenon  of  forest  succession.
reaching logical economical purposes and at the same Watt [4] was the first one who proposed a model of forest
time, minimizing the changes occurred in  the  forests. cycling. In this model, the new stage (phase) of forest

forest management, the first step is having enough
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cycling happens with revitalization. Wijdeven [5] believe MATERIALS AND METHODS
that forest dynamics is the result of time, trees reactions
to natural factors (sunlight, humidity, soil and etc.) and The Area under the Study: The area under the study was
unexpected happenings altogether. This cycle of changes the beech forests of northern Iran which are located in
does not happen in all parts simultaneously, rather, 36°, 49', 25" to 36°, 53', 27" north latitude and 50°, 22', 46"
different parts. to 50°, 30', 28" east longitude. The minimum height of the

Beech forests have a complex revitalization process area from the sea level 1000 meters and the maximum
in which the three phase of establishment, growth and height of the area are 1300 meters and the direction of the
development and decay can be distinguished. According area is northward. The soil of the area is composed of
to Mataji et al. [6], this process lasts between 100 to 200 material stone, sand with the acidic brown forest soil
years. The length of the period of change in forest which is categorized under the class of Dystrochrepts soil
structure is under the influence of some factors such as according to the USA Soil Taxonomy. The annual average
sunlight and nutrition. According to Stefan et al. [7], rainfall is about 1200 mms and the average annual
sunlight is the most effective factor of forest change in temperature is about 15 degrees centigrade. The most
humid places. Because determining mechanisms which important plant society of the area belong to the class of
control the environment is the most important factor to Fagetum hyrcanum among which Fagus orientalis, Alnus
know the forest ecosystem, by studying canopy gaps, subcordata,Carpinus betulus, Geum urbanum and
which are formed when the trees fall down and start their Asperula odorata are the most important arboreal and
life by developing branches and leaves, as the starting grassy species [6].
point, this complex process can be studied. This is done
partly because as Veblen [8] maintain, the forest's shape Method, Data Collection and Data Analysis: In order to
is related to the size and frequency produced by the trees' determine the different stages of development, DBH ,
collapse. In other words, every kind of change in the the height, crown diameter, the height of the beginning of
canopy gaps which are naturally produced during the crown, the height and the diameter of the dead wood,
different phases and are also related to the kind of azimuth and the distance of the trees from each other were
interference in the managed areas determine the forest measured within a piece of 10 hectare of the forest in the
structure [9]. The amount of revitalization amongst the two areas of virgin and managed forests. The spatial
beech trees varies from one year to another so that after (local)  position of each tree was determined by using
one year of abundant growth, a shortage of saplings x= L  Sin a and Y= L  Cos a relations and the
(twigs) is usually seen for a couple of years. Therefore, by dispersion (distribution) of the tress was drawn by using
studying the conditions of natural stands' structure and the  2010  version  of  AutoCAD. The researchers used
also knowing the change and dynamic phases in virgin V= 0.4 d .  h formula in which d1.30 is the diameter in
forests, it is possible to use an appropriate approach to the height of 1.30 meter and h is the height of trees and
preserve the productivity and constancy of forests. dead wood in meter to measure the volumes of trees and
According to Taboada et al. [10], the type of forest dead wood. By using the patterns of development stages
management will have positive effects on the soil and the proposed, different stages of development including
vertical structure of plants which are considered as the increase, optimal and decay were determined separately
basis of every ecosystem and have mutual impacts on one for each of the areas under the study.
another. Therefore, as Mataji et al. [6], believe, in doing In order to determine the mean time for each stage,
so, all local changes should be calculated and the effects the scope of diameter classes of each stage was measured
of such factors as the kind of soil, micro-topography and after drawing a map of development pattern and then, by
also the form of species should be considered. using Namiranin's [11] method, the age of the trees was

This study is conducted with the aim  of  finding a stimulated. Because in every forest ecosystem there is a
suitable approach to manage natural  uneven  aged stand mutual relationship between plant societies and soil
and tries to distinguish different changes which occur condition and as Mataji et al. [6] argues, this relationship
during the development phases and the subsequent is not unidirectional at all, after leaving (removing) the
changes that occur in the edaphic conditions under these organic region (horizon), 112 pieces of sample soil of the
processes. In so doing, the researchers hope to attain a two regions were gathered from the 0-30  depth of the
criterion to evaluate the quality of forest ecosystems with soil  in   summer    to    study   and compare   the  edaphic
different structures. characteristics    of    these   samples.   The   physical  and
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chemical characteristics of the soil including the soil vertical structure of managed area shows that the
texture, pH, absorbable calcium and magnesium, total revitalization phase from the increase stage while in the
nitrogen, phosphorous, absorbable potassium and unmanaged area, the selective phase of the same stage
organic  elements   were  measured  in  the  laboratory. can be seen.
The soil texture was determined by hydrometric method,
pH by the use of pH meter,  absorbable  calcium and The Optimal Stage: As Tables (1) and (2) show, the
magnesium by titration with EDTA, the total nitrogen by diagram of the distribution of the cases in diametric layers
Kejeldal Distribution, absorbable phosphorous by Elson of optimal stage is bell shaped in both the managed and
method, absorbable potassium by flam  photometry  and the unmanaged areas. Trees are mostly present in the
organic elements were measured by Walky-Black method. middle diametric layers (40 to 80 ). The only difference is

Statistical Analysis: The analysis of PCA was used to that of the unmanaged area. The vertical structure of
determine the most important edaphic factors of the two these  two   areas   show  one-stair  stand  and  trees in
managed and unmanaged regions. In this method which the  managed  area are mostly seen in the lower layers.
is based on special vectors, the most changeable The results of the study of the vertical and horizontal
directions are detected by using special amounts and structures of this stage show that the managed area is
special vectors and then the most important edaphic one-stair in the forest phase while the unmanaged area
factors of every region are determined. The diagram of the shows an aging phase.
distribution of the cases in diametric and height layers
and other determining factors as well as statistical The Decay Stage: As Tables (1) and (2) show, in this
comparison of the parameters of each of estimated phase, the diametric scope stage of the unmanaged area
characteristics  were done by using SPSS software is more than the managed area and the vertical structure
version 18. of the unmanaged area has a two-humped perspective in

RESULTS bigger than 80 .

Vertical and Horizontal Structures in Different Stages The Map of Developmental Phase’s Model: Figures (1)
of Development: After drawing vertical and horizontal and (2) show the dispersion map of different
structures of each region by using other measured developmental stages in the managed and the unmanaged
characteristics,   polygons     of     different    stages   of areas. As these figures show, the increase, optimal and
development for each of regions under the study were decay phases have been used beside each other like
designed quite separately. irregular mosaics with different surfaces. The number of

The Initial Stage: The horizontal structure of the stands  is   less   than  the  increase and  decay  stages.
managed area shows that most of the trees belong to the As Table (3) shows, the initial phases of the two areas
10-30 cm diametric layer while because of human meddling have the most width which is wider in the managed area.
in this area, trees with more than 105 cm thickness cannot The most number of cases in each hectare was in the
be seen. However, in the unmanaged area, the horizontal increase phase and the least was in  the  decay  phase.
structure is stair-like and with the increase in diametric The maximum volume of the studied stands in each
layers, the number of trees decreases so that trees with hectare was seen in the optimal phase. The minimum
diameters thicker than 130 cm  can  also  be  observed. volume in the managed stand is in the initial stage while
The vertical structure of these two regions has the sight it is in the decay stage in the unmanaged stand.
of a two-stair forest whose primary diametric layers are
located in the inferior stairs and the thick diametric layers Results of the Principle Components Analysis (PCA):
in the upper ones. Because of cutting thick and very thick Because the length of gradients of physical and chemical
trees  in   the  managed  area,  the  numbers  of  trees  in specifications of the soil was less than 1.5, the linear
the  upper  stair  are  less  than  that of unmanaged area. method of analysis was used. As Table (4) shows, more
A comparative study of the vertical structure of these than 60 percent of the variability in the managed area was
areas shows that the phenomenon of regeneration mostly related to the first three axes out of which about 31
happens in the higher layers. Generally speaking, the percent  was  related  to  the first axis. Figure (3) indicates

cm

that the diametric scope of the managed area is wider than

which trees are mostly used in the diametric layers of
cm

determined plots in the optimal phase of the studied
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Table 1: The vertical and horizontal structure of the managed area in different developmental phases
Kind of forest Development stages Size-class DBH  (5-cm classes) Size-class High**(5-m classes)*

Managed Initial

Optimal

Decay

* Size-class distribution, including all trees larger than 7.5  DBH of Fagus orientalis Acer Velatinum, Alnus Subcordata, Carpinus betulus, Fraxinuscm

excelsior, Ulmus glabra and Sorbus Torminalis in the studied plot (10 ).ha

** Size-class High distribution, 1 including all trees smaller than 10 , 2 = 15 , 3 = 20 , 4 = 25 , 5 = 30 , 6 = 35  and 7 = 40  high. m m m m m m m

Table 2: The vertical and horizontal structure of the unmanaged area in different developmental phases
Kind of forest Development stages Size-class DBH  (5-cm classes) Size-class High (5-m classes)* **

Unmanaged Initial

Optimal

Decay

* Size-class distribution, including all trees larger than 7.5  DBH of Fagus orientalis, Acer Velatinum, Alnus Subcordata, Carpinus betulus and Fraxinuscm

excelsior in the studied plot (10 ).ha

** Size-class High distribution, 1 including all trees smaller than 10 , 2 = 15 , 3 = 20 , 4 = 25 , 5 = 30 , 6 = 35  and 7 = 40  high. m m m m m m m
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Table 3: Measured factors in different developmental phases
Number polygon

Development ---------------------- Average Volume tree Number of dead Volume of dead
Kind of forest stages min max Surface (m ) surface N/ha in ha (m ) wood in ha wood in ha (m )2 3 3

Managed Initial 12 2 956 8 061 3 073 353 367 93 75
Optimal 8 1 053 1 018 1 423 299 700 49 19
Decay 11 264 3 252 1 573 61 451 7 148

Unmanaged Initial 10 949 5 231 3 348 277 463 38 110
Optimal 8 908 1 891 1 425 230 754 17 26
Decay 11 683 2 368 1 026 71 527 20 127

Table 4: Special amounts and Variance of the first three axes
Stages Axes Special amount Variance Collective variance
Managed 1 3.11 31.14 31.14

2 1.56 15.63 46.77
3 1.36 13.53 60.29

Unmanaged 1 2.73 27.29 27.29
2 1.86 18.61 45.90
3 1.16 14.07 59.97

Table 5: The results of multi-comparison of Duncan test
Subset for alpha=. 05 Subset for alpha=. 05
------------------------------------------- -------------------------------------------------

Variable Cycle N 1 2 3 4 Variable Cycle N 1 2 3 4
Area Om 4 1331 - - - N/ha Du 10 71.1 - - -

Ou 5 1425 - - - Dm 6 158 - - -
Dm 6 1498 - - - Ou 5 - 230 - -
Du 10 1573 - - - Iu 10 - - 277 -
Im 11 - 3246 - - Om 4 - - 322 -
Iu 10 - 3349 - - Im 11 - - - 374
Sig. - .758 .885 - - Sig. - .051 .105 .053 .238

V/ha Im 11 467 - - - N/ha Dead tree Om 4 19.2 - - -
Du 10 489 - - - Im 11 75.2 - - -
Dm 6 589 - - - Ou 5 82.6 - - -
Iu 10 609 - - - Iu 10 - 131 - -
Om 4 - 1139 - - Dm 6 - - 214 -
Ou 5 - 1391 - - Du 10 - - 259 -
Sig. - .411 .112 - - Sig. - .050 .113 .379 -

V/ha Dead tree Dm 6 18.2 - - - Ph Du 10 4.98 - - -
Iu 10 22.4 - - - Ou 5 - 5.44 - -
Du 10 24.2 - - - Dm 6 - 5.68 - -
Ou 5 - 32.8 - - Om 4 - 6.17 - -
Om 4 - 49.8 - - Iu 10 - 6.28 - -
Im 11 - - 92.7 - Im 11 - 6.30 - -
Sig. - .201 .106 1.00 - Sig. - .100 .058 - -

OM Ou 5 4.42 - - - P Ou 5 20.4 - - -
Iu 10 4.44 - - - Om 4 - 24.1 - -
Im 11 - 5.01 - - Im 11 - 26.2 - -
Du 10 - 5.20 - - Dm 6 - 27.3 - -
Om 4 - 5.33 - - Iu 10 - - 29.1 -
Dm 6 - 5.47 - - Du 10 - - 32.1 -
Sig. - .062 .273 - - Sig. - .063 .128 .073 -

Clay Om 4 28.3 - - - Silt Iu 10 30.7 - - -
Dm 6 36.1 - - - Du 10 31.8 - - -
Ou 5 36.2 - - - Ou 5 34.6 - - -
Du 10 - 43.7 - - Om 4 38.0 - - -
Iu 10 - 45.2 - - Dm 6 - 38.3 - -
Im 11 - - 58.3 - Im 11 - 49.5 - -
Sig. - .239 .196 1.00 - Sig. - .256 .072 - -

Om: Optimal stages in the managed areas. Ou: Optimal stages in the unmanaged areas. 
Im: Initial stages in the managed areas. Iu: Initial stages in the unmanaged areas.
Dm: Decay stages in the managed areas. Du: Decay stages in the unmanaged areas.
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Fig. 1: The shifting mosaic of the studied Managed plot Fig. 2: The shifting mosaic of the studied unmanaged plot
(10 ). (10 ).ha ha

Fig. 3: Results of the PCA analysis in the managed area       Fig. 4: Results of the PCA analysis in the unmanaged area

that clay, silt, absorbable P, OM percentage and pH Comparison of the Measured Features: The amount of
variables  are  amongst  the  most  important pH, percentage of OM, absorbable P, absorbable Ca, Mg,
specifications of the soil of this area which  show  a  high Clay and Silt variables which were recognized as the most
correlation  with   the  first  axis.  In  the  unmanaged effective factors in the areas under the study were
stand, the Mg, absorbable  P,  absorbable Ca and ph compared and contrasted with the amounts of other
variables have a high correlation with the first axis and determined variables of each developmental stage by
clay and silt variables  show  a  high   correlation   with using ANOVA statistical operation. The results of this
the second axis  (Figure  4).  The  second  axis  of the comparison indicated that among the studied variables,
unmanaged stand  is  the  indicative  of the  soil  tissue except for absorbable Ca and Mg, the other variables
and shows that the soil gets lighter toward the second showed significant differences. The results of Duncan
axis. test  showed  that the amounts of pH, OM percentage and
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absorbable P variables did not show any significant It seems that if the surfaces of the holes are  bigger  than
differences in different developmental stages of the 50 m, the regeneration of maple trees and raspberries are
managed area (Table 5) while they did show significant more than beech trees. This is very similar to the result of
differences in the unmanaged area. This difference can be see, e.g. Oldeman [16], Leibundgut [15], korpel [2] and of
due to exerting management in the managed area. Mataji et al. [6] study of the Fagetum. In this study, the
Comparing the amounts of Clay variables of the optimal maximum N/ha of both managed and unmanaged areas
phase with  other  phases  in the  unmanaged  area belonged to the initial stages and the least N/ha belonged
showed significant differences. However, in the managed to the decay stages which is in turn, in line with the
area, comparing the initial stage with the optimal and results of other studies which have  been  conducted so
decay stages showed significant differences (Table 5). far [15, 16]. The maximum V/ha of this study was found to
The volume in hectare factor of the different stages of be in the optimal stages which was very similar to Emberg
these two areas had significant differences and the decay et al. [1] findings of the study of beech deciduous forest
stages of the two areas were classified in one group. of Europe. Regarding the dead trees factor, the initial
Regarding the number of dead wood in each hectare, stages showed the highest number while the highest
significant differences were observed between the initial volume  was  seen  in  the decay stages of these two
and the decay phases of the unmanaged area while the areas. The ratio of the dead tree volume in the initial
volume in ha factor of dead wood did not show significant stages  to  the decay stages of the unmanaged area did
differences (Table 5). not  show  any  significant  differences  which  can be

DISCUSSION the initial stages as compared with the decay stages of

The structure and function of forest ecosystems keep initial stages of the managed area, the amount of dead
changing. These changes have happened during long trees V/ha shows a decrease compared with the decay
periods. The product of these changes is the complicated stages.
process  of  succession.  By producing appropriate In this study, Mg, absorbable P, absorbable Ca and
nature-friendly systems for managing forests in which pH variables were considered as the most important
natural methods and processes are used maximally, one edaphic factors in the unmanaged area. Mataji et al. [6]
can get to the effective components of this complicated considers the amount of silt, pH, OM, absorbable P and
biologic process [1, 12-15]. Therefore, having a good potassium as the most important edaphic factors of the
knowledge of the structure of plant lives and the soil beech forests of northern Iran. Eshaghi Rad et al. [17] also
characteristics of an ecosystem can do a great  deal in believe that the amount of silt, total N, P, organic matter
estimating the dynamic processes of that ecosystem. are among the important reasons of distribution of
These factors have mutual relations and influences and different sorts of beech trees. Mataji et al. [18] and Mataji
are generally considered the basis of every ecosystem. et al., [6]  have  studied  the  soil  characteristics in

The results of this study showed that choosing three Rusco-Fageum and Carpino-Fagetum and  found  that
different developmental stages for a beech forest the amount of clay, total N and organic carbon in the
succession in the areas under study will be a good model Carpino-Fagetum and the depth of soil, amount of silt,
and classification. The studies conducted by other soil P and pH in the Rusco-Fageum are the most important
researchers [2, 15, 16] also confirm this claim. Like Emborg factors. As it can be inferred, according to the differences
et al. [1] study, the results of this study also showed that between the studied areas and the existence of different
in the different development stages of the managed and plant lives in the above mentioned studies, the pH
the unmanaged areas, the initial and the decay stages had variable of soil is considered as the common most
the highest and lowest surfaces respectively. The results influential and important factor of the distribution of
of this study indicated that the average surfaces of the different plants. Beate et al. [12] consider soil pH as the
decay stages in the unmanaged area is smaller than that most influential factor in  the  beech  forests  of  Europe.
of the managed area which can be due to wide meddling In this study, clay, silt, absorbable P, OM and pH
in the area. In the decay stages of the managed area, variables are the most influential edaphic features of the
appropriate regeneration of beech trees was not observed managed area which show the numerous changes which
in the produced holes. Instead,  some  sun  plants  such have occurred in the soil texture due to meddling in the
as maple trees and raspberries are plenty in these  areas. area.

due to  the  increase in the number of the dead trees of

this area. However, because of cutting thick trees in the
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