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ABSTRACT

ARTICLE INFO

Understanding laws of growth and development, the interaction between structures
and natural factors, and evaluating potentials of ecosystems is the first step in
providing a well-founded management to meet economic and social needs and help
natural ecosystems to preserve their dynamism. The present study provides an
analysis of soil, vegetation types as well as structure and species distribution in
Mahdasht plain, Iran; and focuses on the environmental factors that control the
species distribution. A data set including floristic vegetation and environmental
variables (soil properties from two depths and topographic variable) were analyzed
in order to describe the relationships between floristic composition and
environmental variables. Classification of the vegetation was analyzed using twoway indicator species analysis (TWINSPAN) and Cluster Analysis techniques.
Cluster Analysis showed results similar to TWINSPAN and resulted in the
recognition of five vegetation groups. PCA was used to examine the relationship
between the vegetation and studied environmental parameters. Analysis with PCA
suggesting that there is a relatively high correspondence between vegetation and
soil factors that explain 97% of the total variance in data set. PCA results showed
that soil texture, salinity, PSS, effective soil depth, available nitrogen, potassium
and soil moisture criteria were the major soil factors responsible for variations in
the pattern of vegetation.
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1. Introduction
Arid and semi arid regions are known as the
most important natural ecosystems on the earth.
In these environments, the risk of desertification
through human activities such as overgrazing,
early grazing (Rezaei, 2003) and climatic
variations is very high. It occurs because dryland
ecosystems are extremely vulnerable to overexploitation and inappropriate land use. Wellplanned land management of natural resources,
which should be based on the assessment of
inherent and current condition of this area, is
therefore a major challenge for governments and
land users (FAO, 1998). Assessments of the
relationships between environmental variables
and vegetation distribution are needed to enable
sustainable management systems for these
renewable resources Xu et al., 2008).
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Plant growth and distribution are a function of
environmental factors including climate, soil,
topography, and microorganisms (Bindraban et
al., 2000). Many soil properties affect plant
growth and distribution in rangelands, but only
some of them have a major impact (Herrick et
al., 2002). Furthermore correlation of soils and
vegetation are important for most investigations
of plant habitats (Abd El-Ghani and Wafaa,
2003). Several ecological studies have provided
quantitative assessments of the distribution of
plant species and associations in relation to soil
and other environmental factors in different
areas. For example in the Egypt (Abd El-Ghani
and Wafaa, 2003; Abd EI-Ghani, 1998; Abd ElGhani and El-Sawaf, 2005); Iran (Jafari et al.,
2003; Jafari et al., 2004; Tavili et al., 2009);
China (Lu et al., 2006; Xu et al., 2008; He et al.,
2007); Britain (Corney et al., 2004); USA
(Kinucan et al., 1999) Worked in this direction.
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Results of these studies generally indicated that
the soil properties such as salinity gradient,
moisture and available nutrient are the
important factors in controlling the distribution
of vegetation. During such environmental
changes, the type and management of the
vegetation as well as cultivation practices play
an important role. These factors determine to a
large extent the interaction between several
soil physical and biological variables
(Martinez-Fernandez et al., 1995). It is worthy
to mention that the studied vegetations account
for the dominant flora in arid and semi-arid
regions as well they have not been investigated
in detail at previous explorations, hence, the
present research was done in order to analyze
the factors that might be effective in their
spatial distribution. The aim of this study was
to get a better understanding of the
relationships between soil, topography and
vegetation that can be used as a reference for
better management of natural resources and to
find out the implications of the results from
this study for restoration and management the
arid and semi arid ecosystems. All information
gained and the procedure proposed in this
study would be very useful not only for our
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2. Material and Methods
2.1. Description of the study area

This study was carried out in an extension
of approximately 3748 hectares between 35˚
35′ 45″ to 35˚ 38′ 57″ N and 50˚ 44′ 03″ to 50˚
52′ 27″ E, west marginal Mahdasht plain of
Tehran, Iran (Fig. 1). The importance of the
study area may be due to its position, which is
located in the critical centers of wind erosion;
therefore, desertification has been identified as
a major problem in this area in recent years.
The climate of the study area via Gaussen’s
method showed warm and dry Mediterranean
with mean monthly temperatures ranging from
-2.3◦C in January to 35◦C in July (Iranian
Meteorological Organization, 2005). The
annual mean precipitation is 240 mm, most of
which falls during winter and spring seasons
(March- April). The Ambrothermic curve
showed six dry month including May, June,
July, August, September and October.

Fig. 1. Geographical situation of the study area

2.2. Data collection

After identifying the vegetation types,
sampling was done in key area of each type.
Within each key area 3-5 transects with 200meter length, and containing 10 quadrates (1
square meter) were established. Environmental
variables were collected when the plot was
located. Sampling method was randomizedsystematic. The optimum transects length,
number of plots, and plot sizes have already
been determined for this study area (Zare,
2009). The geographic location of each
sampling point was recorded by Global
Positioning System (GPS). The maps of slope,

aspect and hypsometry provided using ArcGIS
9.2 software.
2.3. Soil sampling and laboratory analyses

Soil samples for determining soil properties
were collected from 0-20 and 20-60 cm in
starting and ending plot of a total of 18
transects within stratified vegetation types. Soil
samples of each depth were mixed before
analysis to reduce soil heterogeneity. Measured
soil variables included physical, chemical and
hydraulic properties. The samples were air
dried at room temperature; then passed through
a 2 mm sieve. The fine earth fraction (<2mm)
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was retained for chemical analysis and
subjected to the following chemical analyses:
pH in water 1:1 (McLean, 1982); Electrical
conductivity (EC) in the saturated paste extract
(Rhoades, 1982): Organic matter (OM) by the
Walkley and Black’s method (Nelson and
Sommers, 1982); Total Nitrogen (N) by
Kjeldahl method (Bremner and Mulvaney,
1982); and total phosphor (P) by the Olsen
method (Olsen et al., 1982). Saturated moisture
(SP) and effective soil depth (EP) determined
by weighting method, Potassium (K) by flame
photometry method (Knudsen et al., 1982);
PSS by U.S. Salinity laboratory formula and
the proportion of CaCO3 by the Calsimeter
method (Allison and Moode, 1962). To
determine CaSO4, the ammonium acetate
extraction method was used (Knudsen,1982).
Soil texture was determined by the
Bouyoucous hydrometer method (Bouyoucos,
1962); hydraulical parameters such as field
capacity (FC), wilting point (WP), available
water (AW), saturation hydraulic conduct
(Shc) and bulk density (Bd) estimated
according to soil texture with application of
CROPWAT 8.0 software.
2.4. Data analysis

Floristic analysis was performed with PCORD, V.4.17 package (McCune et al., 1999).
The two-way indicator species analysis
(TWINSPAN) was used to classify the
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vegetation samples in to groups based on
untransformed
Braun-Blanquet
cover
abundance scores. In addition, to confirm
TWINSPAN, the floristic data were subjected
to Cluster Analysis using Euclidian distance
and the Ward group linking method (Hill,
1979). SPSS for windows (Ver.11.5) software
package was used for multivariate statistical
analysis. After classification of the vegetation,
Principal component analysis (PCA) was
applied to search for a general pattern in the
measured environmental variables and to
determine the most environmental effective
factor in the distribution of vegetation.
3. Results and discussion
3.1. Classification

The TWINSPAN classification of 200 plots
resulted in identifying of five site groups (Fig.
2), each site group will be referred here to as
TWINSPAN vegetation group, and named
after the leading dominant species that exert
the local dominance or is distinctly important
in a certain group of sites. These types are as
follows:
1. Artemisia sieberi – Atraphaxis spinosa
2. Zygophyllum eurypterum– Artemisia sieberi
3. Pteropyrum aucheri – Zygophyllum
eurypterum
4. Tamarix sp. – Salsola kali
5. Artemisia sieber- Ephedra strobilacea

Fig. 2. Dendrogram of the TWINSPAN classification

The TWINSPAN results were compared with
the classification produced from the Cluster
Analysis using Euclidian distance and the
Ward group linking method (Fig. 3); thereby,
the results outputted from the two techniques
were in accordance with each other. To

examine whether the mentioned groups had
significant difference or not, some factors like
topographic and soil characteristics were
analyzed using One-way ANOVA test (Table
1).
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Fig. 3. Dendrogram of the Cluster Analysis classification
Table 1. Environmental factors of the five vegetation types of the study area

Result indicated that most of measured
parameters
showed
highly
significant
differences among groups, meaning that
TWINSPAN
groups
had
significant
differences. Soil characteristics of each of the
five vegetation groups are summarized in
Table 1. Of the measured soil parameters, soil
texture, nitrogen and potassium of the second
layer and the soil moisture factor show least

significant differences between groups. A brief
description of each type is coming as follow:
1. Artemisia sieberi – Atraphaxis spinosa type.
Soil texture in the first and the second layer
was Sandy clay loam and Sandy loam,
respectively. This type was founded in the
places with the highest percentage of gravel,
lime, WP and FC and the lowest amount of EP
and gypsum.
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2. Zygophyllum eurypterum– Artemisia sieberi
type. Soil texture in the first and the second
layer was Sandy loam and loamy Sand,
respectively. This type was found in the
mountain and alluvial fan land unit. The
amount of sand, gypsum, SP and Shc of this
type is the highest of all the types while pH, P,
N, OM, K and AW is the lowest.
3. Pteropyrum aucheri – Zygophyllum
eurypterum type. Soil texture in the first and
the second layer was Sandy loam and loamy
Sand, respectively. the highest of Bd and the
lowest of EC, clay, WP, FC and PSS was
observed in this type.
4. Tamarix sp. – Salsola kali type. Soil texture
in two layers was sandy loam. This type was
found in the river trace land unit (low land)
with the highest EC, pH, PSS, K, N, AW and
OM and the lowest of content of sand, SP and
Bd.
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5. Artemisia sieber- Ephedra strobilacea type.
Soil texture in two layers was Sandy loam. In
this type the content of silt, EP and P was the
highest compared with the other types but
percentage of gravel was the lowest of all.
3.2. PCA

Principal component analysis (PCA) was
performed for soil and vegetation analysis in
order to determine the most effective soil
parameters controlling the distribution of
vegetation. Five plant types and 43
environmental factors were used in the
analysis. The first three axes of the PCA
ordination of soil samples accounted for
58.77%, 20.09% and 18.32% of the total
variability, respectively. Therefore, the first
three principal components together accounted
for 98.19% of the total variance in data set
(Table 2).

Table 2. PCA applied to the correlation matrix of the environmental factors in the study area
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PCA axis 1 showed significant correlation with
Sand% and AW of two layers; OM, K and N
of first layer and CaSo4, SP, WP and Fc of
second layer. PCA axis 2 represents significant
correlation with EC, PSS and AW of two
layers; silt%, clay, CaSo4, WP and Fc, Bd and
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Shc of the first layer and finally PCA axis 3
includes CaCo3, gravel% and EP of two layers,
SP of the first layer and OM and Shc of the
second layer. Spatial distribution of vegetation
types are shown in Fig 4 and 5.

Fig. 4. Axis 1 and 2 of the PCA diagram of the vegetation types related to the environmental factors in the study area

Fig. 5. Axis 1 and 3 of the PCA diagram of the vegetation types related to the environmental factors in the study area

Z. eurypterum – A. sieberi and P. aucheri – Z.
eurypterum types comforted in the first quarter
of the PCA axes 1 and 2. According to the
diagram, axes 1 factors have the most role in
distribution of these types, as they have a

positive relationship with sand% of two layers,
CaSo4 and SP of the second layer and inverse
relation with OM, K, N, WP and FC.
In related to A. sieber- E. strobilacea type
according to the Figs 4 and 5 it has a high
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correlation with the second and third axes.
Therefore, this type has the most negative
relation with variables of the second axis and
most positive relation with variables of the
third axis. Increase in the EP, clay, WP and FC
in two layers and SP in first layer in one hand
and decrease in the CaCo3, EC, PSS and gravel
in two layers and silt and Shc in the first layer
in other hand controlling the distribution of
this type.
T. sp. – S. kali type situated in second quarter
of the PCA axes and environmental
characteristics are approximately similar in
axes 1 and 2. This type represents high
correlation with the EC, PSS in two layers,
OM, K, N, silt, CaCo3, Bd and Shc in first layer
and WP and FC in second layer. With attention
to the position of A. sieberi – A. spinosa type
in the third quarter of the diagram, it has a
correlation approximately similar in negative
part of axes 1 and 2 or 1 and 3. Therefore, this
type has the most relation with variables such
as OM, K, N and clay in first layer and WP
and FC in two layers. This type has inverse
position compare to P. aucheri – Z.
eurypterum type, it means that decrease in
factors which explain distribution of this type
lead to present of P. aucheri – Z. eurypterum
type.
4. Conclusion
The PCA results have indicated that, the
spatial distribution of vegetation type seems to
be controlled by a number of soil
characteristics such as soil texture, EC, OM, K,
N, Bd, EP, CaCo3, CaSo4 and soil moisture
content. In other words, the spatial distribution
of the vegetation types are related to three
characteristics including soil texture, soil
fertility and soil moisture content. For example
the species composition of A. sieber- E.
strobilacea seems to be more influenced by
effective soil depth than the other vegetation
types, because it was found on flat sites with
deep soil, whereas other vegetation types were
observed on rocky sites. Kinucan et al.
(Kinucan,1999) in an investigation in an alpine
rangeland in USA found that the type of
vegetation present on a particular site
controlled by soil depth. They considered that
this variation was due to difference in total
water storage capacity, which is a function of
soil depth. Available soil nitrogen in the area
was another important soil factor in the
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distribution of vegetation types. With an
increase in soil salinity, the available nitrogen
decreased significantly. For example, T. sp. –
S. kali type was different from other types in
soil salinity and available nitrogen. Our results
were similar to those reported previously by
Jafari et al. (2003), 2004; Abd El-Ghani et al.
(2003) and He et al. (2007) that showed strong
relationships between vegetation pattern and
soil moisture–salinity gradient. In addition,
most ecologists believe that nitrogen
availability and plant community structure are
related and it is likely that nitrogen availability
can acts as a good indicator of current and
historic soil conditions and plant populations
(Bauer and Black, 1994; Wedin, 1999; Wedin
and Tilman, 1990) Soil texture and CaSo4 are
other effective factors in the distribution of Z.
eurypterum – A. sieberi and P. aucheri – Z.
eurypterum types. Z. eurypterum is the
gypsophyte plant that grows in the gypsious
lands and indicates soils with high gypsum.
These results were in conformity with the
results reported by Jafari et al. (2004) and He
et al. (2007). They recommended that Soil
texture and CaSo4 controls distribution of plant
species. He et al. (2007) mentioned that the
soil texture plays a significant role in
regulating vegetation pattern, including
vegetation composition, functional group, and
structure. Furthermore, soil texture influences
infiltration and moisture retention and the
availability of water and nutrients to plants
(Sperry and Hacke, 2002). Based on the results
obtained in the study area, the distribution of
vegetation types was more correlated with soil
characteristics than the topographic variables.
Understanding the relationships between
environmental variables and vegetation
distribution in this area helps us to apply these
findings in sustainable and integrated
management, reclamation, and development of
arid and semi-arid ecosystems. It is expected
that this finding could be used as a tool for
vegetation distribution pattern in rangeland
within similar ecosystems.
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