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Syntaxonomical Analyses of the Secondary
Vegetation of Harran Plain (Sanliurfa/Turkey)
Ensuing Excessive Irrigation by Using GIS and
Remote Sensing

Abstract
This study has been conducted for the purpose of determining the halophytic and ruderal vegetation
located in the study area where secondary salinization occurs due to excessive irrigation and evaporation of
the irrigation water leaking from surrounding lands of the agricultural territory in Akçakale region on
Turkish-Syrian borders in the southern part of Harran plain and its periphery. Analysis of the vegetation has
been conducted by using Braun-Blanquet method. Structures and limits of the vegetation mosaic of present
associations were determined by Geographic information system (GIS) and Satellite remote sensing data.
As a result of this study, the following were found: a new alliance belonging to halophytic vegetation,
Halothamno hierochunticae-Salsolion incanescentis and two new associations, Halothamno hierochunticae-Salsoletum
incanescentis and Hymenolobo procumbentis-Aeluropetum lagopoidis and two new associations belonging to
ruderal vegetation, Frankenio pulverulentae-Chenopodietum albi and Prosopo farctae-Alhagietum manniferae.      
Keywords: Excessive irrigation, halophyte, Harran plain, ruderal, syntaxonomy.

Harran Ovasýnda (Þanlýurfa/Türkiye) Aþýrý Sulama Sonrasý Oluþan Sekonder Vejetasyonun GIS
ve Uzaktan Algýlama ile Sintaksonomik Analizi
Özet
Bu çalýþma, Harran Ovasýnýn güneyinde Türkiye-Suriye sýnýrýnda yer alan Akçakale bölgesinde aþýrý sulama
ve çevre alanlardan sýzan sulama sularýnýn buharlaþmasý sonucu oluþan sekonder tuzlu alanlardaki halofitik
ve ruderal vejetasyonu belirlemek amacýyla yapýldý. Mevcut vejetasyonun analizinde Braun-Blanquet
metodu uygulandý. Coðrafik bilgi sistemleri (GIS) ve Uzaktan algýlama uydu verileri kullanýlarak
vejetasyonun yapýsý ve sýnýrlarý belirlendi. Bu çalýþmanýn sonucu olarak halofitik vejetasyona ait yeni bir
alyans, Halothamno hierochunticae-Salsolion incanescentis; yeni iki birlik, Halothamno hierochunticae-Salsoletum
incanescentis ve Hymenolobo procumbentis-Aeluropetum lagopoidis; ruderal vejetasyona ait iki yeni bitki birliði,
Frankenio pulverulentae-Chenopodietum albi ve Prosopo farctae-Alhagietum manniferae, tespit edildi.
Anahtar Kelimeler: Aþýrý sulama, halofit, Harran ovasý, ruderal, sintaksonomi.
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INTRODUCTION
Harran plain which is located between Turkey-

Syrian borders of Southeastern Anatolian region
extends in the Mesopotamian sector of the West
Irano-Turanian phytogeographical subregion of
Irano-Turanian phytogeographical region (Zohary
1973). The Irano-Turanian phytogeographical
region includes the Central, Eastern and

Southeastern Anatolian geographical divisions of
Turkey with a total area of approximately 38 900 000
ha. The Irano-Turanian phytogeographical region of
Turkey has been a birth-place for many civilizations.
Irrigation and agriculture have played an important
role in the area around water basins like the
Euphrates, Aras, Van and Tigris. However, as the
maintenance of irrigation through drainage
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networks were neglected, the salinization of soils
made the land unsuitable for agriculture. In the
Fertile Crescent, the Tigris-Euphrates rivers salted
up 2-5 millennia ago, resulting in the collapse of
civilizations. In fact, salt accumulation in the
irrigated lands led to desertification in
Mesopotamia, and the lands bordering the
Mediterranean more than 2000 years ago (Öztürk et
al. 2008) (Fig. 1).

Recent studies in Southeastern Anatolia,
particularly in the Harran plain, have shown that
halophytic areas have increased considerably. After
the completion of the Southeastern Anatolian
Irrigation Project (GAP in Turkish), excessive
irrigation has lead to an increase in the salinity levels
of the soil (Atamov et al. 2006). When these
cultivated areas were abandoned due to high
salinization, they were occupied by the halophytes
forming a secondary vegetation. Out of 225 000 ha
in the Harran plain 8513 ha are classified as very
highly saline areas (Özkutlu and Ýnce 1999). These
areas are especially found around Akçakale and their
total salinity level varies between 0.075 and 1.450%
(Dinç and Þenol 1988). 

Salinity of soils is an important problem all over
the world. 10 million hectares of arable landscape is
lost due to salinity every year. Some 1 518 722 ha of
land in Turkey is faced with salinity and alkalinity
problems. This constitutes 2% of Turkey's soil
resources. Of these, 614 657 ha has a low salinity
and 504 603 ha has a high salinity level. Salinity is an
even greater problem in the dry or semi-dry
climates due to water evaporation from the lower
subsurface layers (Aðca 1999).

Saline areas are increasing in Turkey. The regions
facing the problem of salinity and alkalinity in
Turkey include Çarþamba and Tarsus plains in
North and South Anatolia; some parts of Çukurova,
Lake Tuz area, plains of Konya and Çumra in
Central Anatolia; Iðdýr plain in the east; Alaþehir,
Salihli, Menemen plains, Bakýrçay basin, Sarayköy
(Denizli) and environs and Söke plain in the Great
Menderes basin of Aegean region (Saatçý and
Tuncay 1971). Due to improper irrigation
techniques, Harran plain has been added to the
abovementioned lands since 1994. 

In these ecosystems, halophytes are the
dominant species. Halophytes have developed
mechanisms to avoid salinity stress through
succulency, salt secretion glands, salt dilution

capacity, osmotic adaptation, protein resistance to
high salt concentrations, and selectivity in
absorption through the roots (Flowers et al. 1997,
Ungar 1998, Ashraf 1999, Yokoi et al. 2002).
Halophytes can grow by accumulating Na+ and Cl-

ions, thus creating turgor pressure (Waisel 1972, Yeo
1983, Guray and Demir 2001).

Excessive saline accumulation in the root area,
which causes partial or entire loss of soil fertility, is a
common issue. Soil salinity problems are
widespread in arid and semi-arid regions; however,
salt affected soils are also common in humid and
semi-humid regions, especially in coastal areas
where especially sea water entrance is seen. In
addition, ground waters also cause high level of
salinization. There are approximately 1000 million
hectares of salt-affected soil globally. Distribution of
salt-affected soils among continents are as follows:
3.5% in Africa, 21% in Asia, 7.6% in South America,
0.9% in North America, 0.7% in Central America,
4.6% in Europe and 42.3% in Australia (Munsuz et
al. 2001).

Munns (1999) categorizes salinization into two
groups depending on their formation pattern:

1. Primer (natural) salinization: this is the type of
soil salinization based on saline waters of seas and
oceans coming to soils through natural means, such
as tides and sprays, drying of saline lakes or having a
bedrock with high salt rates. For example,
salinization around Lake Tuz in Turkey. 

2. Secondary salinization: this type of salinization
occurs in soil which was not saline before the impact
of anthropogenic factors (i.e. as a result of excessive
irrigation). For example, salinization in Harran
plain, which includes the studied area as well. 

During salinization of soils, different salts
accumulate in soil in inverse proportion to their
solubility. In unsalted or less-salted soil, dominant
ions in soil solution are Ca++, Mg++ and HCO3

-.
Excessively soluble salts become dominant with an
increase in salinization. Most of the saline soils
(EC>10 dS/m) in desert, semi-desert and arid
regions contain high concentrations of NaCl and
Na2SO4. The soil with electrical conductivity higher
than 4 dS/m, 25 cm below the ground level, is
accepted as saline soil. A similar definition is used in
World Soil Maps of FAO/UNESCO. EC of the soils
in the study area is far above 4 dS/m (Munsuz et al.
2001). 

Geographic Information System (GIS) makes
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many vegetation applications and plannings easier
through data assessments, updating, mapping and
tracing. Remote sensing data provides useful
information on terrain usage, crop pattern, plant
development, plant productivity, plant-water
requirement, evapo-transpiration calculation and
salinity depending on the level of accuracy
(Bayramov and Mamedov 2008). Remote sensing
has many advantages in land measurements.
Information obtained with remote sensing
techniques is not only theoretical; they are based on
measurements on the ground. Remote sensing
information can be obtained systematically; they
also allow for comparison of time-related changes.
Satellite data which allow for instant sensing of wide
areas also facilitate analysis, updating and
combination with other data by transferring them to
GIS media (Bastiaanssen et al. 2000, Güleryüz and
Arslan 2001). 

This study was conducted in an area of
approximately 23 hectare (230.778 m2s) covered
with halophyte and ruderal plants which lost their
agricultural characteristics in Akcakale region in the
south of Harran plain where secondary salinization
was seen. Cultivation still continues in other parts of
Harran plain. 

This is the first study to investigate the

halophytic and ruderal vegetations of Southeastern
Anatolian region in respect to phytoecology and
phytosociology by Braun-Blanquet (1965) method
and by using GIS and Satellite remote sensing. 

MATERIAL AND METHODS
In the process of identifying the plant species, we

refer fundamentally to Flora of Turkey (Davis 1965-
1985, Davis et al. 1988, Güner et al. 2000), some
other floras (Post 1932, Zohary 1966, Hedge 1997)
and several surveys (Adýgüzel and Aytaç 2001, Çolak
and Sorger 2004, Kaya and Ertekin 2009). In this
study, Braun-Blanquet (1965) "floristic unite
system" and Frey and Lösch (1998) detailed
"abundance-cover" scale were used. 

The size of relevés was determined as 25 m2 for
halophytic vegetations and 40 m2 for ruderal
vegetations by using minimal area method.
Evaluation of the syntaxa which belong to
halophytic and ruderal vegetations were made by
referring to Braun-Blanquet et al. (1952), Zohary
(1973), Mucina (1997) and Kropác (2006). Inter-
national Code of Phytosociological Nomenclature
principles were followed for naming the new
syntaxa (Weber et al. 2000). The tables which belong
to the associations were given together with the
upper syntaxonomic units in which they were
placed. The climate of the study area was evaluated
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Fig 1. Location of the study area (  )..



by using the data of Akçakale meteorology station
(Anonymous 2006). The bioclimate of the study
area was determined by Emberger (1954) and
Akman and Daget (1971). The soil samples were
analyzed by the Soil and Fertilizer Research Institute
according to Page et al. (1990). 

IKONOS, satellite used in this study, is a
commercial earth observation satellite, and was the
first to collect publicly available high-resolution
imagery at 1 and 4 m resolution. It offers
multispectral (MS) and panchromatic (PAN)
imagery. In this study, IKONOS 1 m x 1 m and 2.5
RMSE belonging to 2006 were used as satellite
images. These images were acquired in 37 N zone,
by using UTM as a projection and WGS 84 as
datum. The properties of the satellite IKONOS
were given in Table 1 (Anonymous 2002).

Brief Description of the Study Area
Harran plain, covering the study area, is one of

the most important agricultural areas of Turkey and
located between 36º47' and 39º15' east longitude
and 36º40' and 37º41' north latitude within the
borders of the province of Þanlýurfa in Southeastern
Anatolian region. It is bordered to Germuþ and
Susuz mountains in the north, Turkey-Syria state
border in the south, the Tek Tek plateau in the east
and the Fatik plateau in the west. Within these
borders, the widest area of the Harran plain is 60 km
in the south, and its narrowest area is 30 km in the
centre of the Tek Tek and the Fatik plateaus. Its
length is 65 km in south-north direction. Its altitude
is about 400 m, which makes it one of the lowest
areas in the region. The area of Harran plain is 225
000 ha (Anonymous 1980).

Harran plain is a landslide basin, resembling to a
bathtub topographically. General slope varies

between 0% and 2%. Northern parts of the plain are
relatively sloping, but in southern parts slope is close
to zero. Halophytic area where the study was
conducted is located among the villages of Öncül,
Altýntepe, Pýnarcýk and Arýcan of Akçakale district,
which is the lowest part of Harran plain and Syrian
border. The altitude of this area changes between
334 and 343 m (Fig. 2).

Harran plain was formed in Pliocene-
Quaternary, with sloping of young techno-technic
movements created during the elevation of Toros
Mountains and volcanic areas which took place
from time to time and calcareous deposits formed in
Eocene and Neocene eras. These movements were
quite effective in the south of Gaziantep-Þanlýurfa-
Mardin plateau (Tunçdilek 1985, Ardos 1992). 

Epeirogenic movements accompanying the
tectonic movements in Quaternary, in particular,
gave Harran plain its final shape. Harran plain
descended and gained the characteristics of a graben
compared to its environment, whereas Tek Tek
plateau in its east and Fatik plateau in its west
became horsts (Ardos 1992). Alluvium layer
covering the surface of the plains is created by
accumulation of the materials eroded by rivers from
nearby calcareous areas which were members of
Euphrates limestone formation (Anonymous 1972,
Tardu et al. 1987). The geological formations
detected in Harran plain are below:

Paleocene marl: Eocene forms non-porous
base rock under limestone. Its thickness is about
800 m.

Eocene limestone: Consists of crystallized
limestones. As carstic structures are well developed,
it plays the role of an important aquifer of the
region. It is about 300 m thick. 

Kaya et al.Ekoloji
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Miocene limestone: Consists of argillaceous
limestones. As carstic structures are partially
developed, it shows the characteristics of an aquifer.
It is about 100 m thick. 

Pliocene clay: Consists of clays which include
gypseous levels sporadically. Its thickness is about
200 m.

Pleistocene clay, sand and pebbles: This
unit, which is in the form of layers of clay, sand and
pebbles on Pliocene clays, forms the free aquifer on
the surface. Its thickness is almost 60 m. 

The facts that Harran plain is covered with
alluvium soil, which is the most favorable type of
soil for agriculture, that its average altitude is almost
400 m and that it has negligible slope play an
important role on the agricultural potential of this
plain. Alluvium soil covering the plain is relatively a
thick coating, whose thickness changes from 60 to
200 cm. There are also colluvial soils with pebbles
and sand especially in the eastern and western parts.
Although these soils are not as fertile as alluvium
soils, they are still arable. Plain soil is usually deep
and rich in clay. Dominant clay mineral is smectite
group clays. They have high lime content (Doðanay
1994).

RESULTS
From the analysis of the results of soil samples

taken from syntaxa containing areas detected in the
study area, when the soils are assessed in terms of
pH, it can be seen that Halothamno hierochunticae-
Salsoletum incanescentis, Hymenolobo procumbentis-
Aeluropetum lagopoidis and Prosopo farctae-Alhagietum
manniferae diffuse in low-alkali soil conditions (pH
7.5-8.5), and that Frankenio pulverulentae-
Chenopodietum albi can adapt to high alkali (pH>8.5)
pH conditions (Table 2). 

When soils are assessed in terms of EC (electrical
conductivity), it can be seen that all associations
grow in highly saline soil (EC>15) and that
associations were differently resistant to salt.
Analysis results show that the association with best
resistance against soil salinity is Hymenolobo
procumbentis-Aeluropetum lagopoidis, the ones with
medium-resistance to highly saline environments
are Halothamno hierochunticae-Salsoletum incanescentis
and Frankenio pulverulentae-Chenopodietum albi, and
Prosopo farctae-Alhagietum manniferae is the association
with lowest tolerance. In addition, from observing

Table 2. Chemical analysis of the soils in the study area.

Fig 2. The study area according to IKONOS.
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the salt concentrations in soils, it can be concluded
that Hymenolobo procumbentis-Aeluropetum lagopoidis
can grow in highly saline areas. Soil with no plant
cover has extremely high EC rates (Fig. 3). 

When the soils are assessed in terms of cations, it
can be seen that Na+ is dominant at locations where
Prosopo farctae-Alhagietum manniferae grows; whereas
for Halothamno hierochunticae-Salsoletum incanescentis,
Frankenio pulverulentae-Chenopodietum albi and
Hymenolobo procumbentis-Aeluropetum, dominant
cation is Mg++. When values from these analyses are
examined, it can be stated that salt types in the soils
where all associations grow are Mg++, Na+, Ca++ and
K+, in the order of cation concentration. In addition,
it can be said that the most abundant salt compound
in the environment are Mg++ salts. When soils are
examined for their anionic content, presence of
bicarbonate, chloride, sulfate and carbonate is
detected in the order of cation concentration.
Generally speaking, bicarbonate and chloride anions
are more dominant in the environment. 

As a result, all plant associations defined in the
study area can grow in highly saline soil. It can be
said that magnesium bicarbonate, magnesium
chloride and sodium chloride salts are dominant in
the soils where associations grow. 

The climate of the study area is characterized as
semi-arid cool Mediterranean climate. First type of
the East Mediterranean precipitation regime
(W.Sp.A.Sm.) is seen in the study area. As seen in
the ombrothermic diagram, arid period lasts from
the middle of April to October. July is the driest and
hottest month in Akçakale (Table 3, Fig. 4). 

Halophytic Vegetation
Halothamno hierochunticae-Salsolion incanescentis all.

nov.
(Holotypus: Halothamno hierochunticae-Salsoletum

incanescentis)
This alliance spreads on salty hydromorphic soils

in Harran plain. This alliance characterizes the salty
plain formation surrounding Harran plain in the

Southeastern Anatolia. The alliance is present at
334-341 m in Harran plain. The general coverage
ranges between 65% and 85%. The pH of the soil
fluctuates between 7.9 and 8.5. The characteristic
species of the alliance are Salsola incanescens
C.A.Mey., Halothamnus hierochunticus (Bornm.)
Botsch., Atriplex leucoclada Boiss., Gypsophila antari
Post & Beauverd, 

Atriplex leucoclada Boiss., which is a characteristic
species of the new alliance, is a new record for the
flora of Turkey and occurs on salted areas between
Akçakale and Ceylanpýnar in Turkey-Syria border.
This taxon naturally spreads in Palestine, Jordan,
Iraq, Sinai, Kuwait, Bahrein, United Arab Emirates,
Saudi Arabia, Yemen, Qatar, Caucasus, Persia,
Turcomania, Afghanistan, and Pakistan (Hedge
1997).

Two associations that can be included in this

Fig 3. The saline soil of the study area.

Fig 4. Ombrothermic diagram of Akçakale.

Table 3. Climatic data of the Akçakale meteorological station.

P: mean annual precipitation in mm; M: mean maximum temperature (ºC) for the hottest month; m: mean minimum temperature (ºC)
for the coldest month; Q: Emberger's pluviothermic quotient: 2000 P/M2-m2; PE: summer rainfall; S=PE/M: Emberger's index of xericity;
Sp: spring; W: winter; A: autumn; Sm: summer, medit.: Mediterranean.
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alliance are as fallows: 
Halothamno hierochunticae-Salsoletum incanescentis

ass. nov. (type) (Table 4) (Fig. 5)
Holotypus: relevé 2, 340 m, cover 80%, 25 m2, 
This association is holotypus of the alliance.

Therefore, the characteristic species and ecological
preference are similar. The physiognomy is
dominated by Salsola incanescens C.A.Mey. The
association spreads in halophytic area of Harran Fig 5. Halothamno hierochunticae-Salsoletum incanescentis.

Table 4. Halothamno hierochunticae-Salsolion incanescentis and Halothamno hierochunticae-Salsoletum incanescentis (type ass.)
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plain. The pH of the soil changes between 7.9 and
8.4. The general coverage ranges between 80% and
85%. The association occupies an altitudinal range
of 334-341 m. 

According to Flora of Turkey, a natural spread of
Salsola incanescens C.A.Mey., which is the
characteristic type of its association, was known
previously only in Van province in Turkey. Meyer
described the species as a subshrub, later authors as
an annual herb. Our Specimens in the study area are
also subshrub. This species is an Irano-Turanian
element and habitat prefers saline soils, favourably
in drier salt-marshes, in many types of normal semi
desert vegetation, on ruderal places, along roads, in
and at the edge of cultivation etc. The other
characteristic species of the association is
Halothamnus hierochuntica (Bornm.) Botsch. and is a
new floristic record for Turkey (Freitag et al. 2009).

Hymenolobo procumbentis-Aeluropetum lagopoidis
ass. nov. (Table 5) (Fig. 6)

Holotypus: relevé 24, 336 m, cover 70 %, 25 m2

It resembles the Halothamno hierochunticae-
Salsoletum incanescentis with regard to habitat.
Aeluropus lagopoides (L.) Trin. ex Thwaites var.
lagopoides determines the physiognomy of the
association. The other characteristic species of the
association is Hymenolobus procumbens (L.) Schinz &
Thell. The general coverage ranges between 65%
and 70%. The association prefers altitudes of 334-
337 m. The pH of the soil is 8.5. 

A. lagopoides (L.) Trin. ex Thwaites var. lagopoides,
which characterizes Hymenolobo procumbentis-
Aeluropetum lagopoidis, found in saline desert and
coastal habitats, are local in two places in Turkey,
namely East (Kars) and South (Amanos mountains).

Ruderal Vegetation 
Frankenio pulverulentae-Chenopodietum albi ass.

nov. (Table 6) (Fig. 7)
Holotypus: relevé 16, 337 m, cover 70 %, 40 m2

The association was identified at the altitudes of
337 to 338 m. General coverage changes between
60% and 75%. The reaction of its soil is alkaline (pH
8.6). Chenopodium album L. subsp. album var. album
determines the physiognomy of the association and
has a wide spread in Turkey except West Anatolia.
The other characteristic species of the association
are Frankenia pulverulenta L. and Oligochaeta divaricata
(Fisch. & C.A.Mey.) K.Koch. 

Prosopo farctae-Alhagietum manniferae ass. nov.
(Table 7) (Fig. 8)

Holotypus: relevé 12, 341 m, cover 80%, 40 m2

The association was identified at the altitudes
between 339 to 343 m. The reaction of the soil is
slightly neutral and alkaline (pH 7.6-8.3). General
coverage is between 80% and 85%. 

The characteristic species of the association are
Alhagi mannifera Desv., Prosopis farcta (Banks & Sol.)
J.F.Macbr. and Taraxacum sintenisii Dahlst. A.
mannifera Desv. determining the physiognomy of the
association is a ruderal species and spreads South
and East Anatolia in Turkey. 

DISCUSSION
First phytosociological researches on halophytic

communities in Turkey were conducted in Lake Tuz
and Konya basin in Central Anatolia (Birand 1961,

Fig 6. Hymenolobo procumbentis-Aeluropetum lagopoidis.

Fig 7. Frankenio pulverulentae-Chenopodietum albi.

Fig 8. Prosopo farctae-Alhagietum manniferae.
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Yurdakulol 1974, Ocakverdi 1984, Yurdakulol and
Ercoþkun 1990). Detailed studies conducted in
recent years bear special importance to make it
possible to determine the halophytic vegetations in
Central Anatolia in phytosociological terms
(Aydoðdu et al. 2002, 2004, Hamzaoðlu and Aksoy
2006, 2009, Tuð 2006). There are also some studies
conducted in saline areas outside Central Anatolia
(Tatlý and Ýstanbulluoðlu 1986, Yurdakulol et al.
1996, Ýstanbulluoðlu 2004). There is another study
conducted on a saline area which covers
Southeastern Anatolian region, lacking a natural
halophytic area (Atamov et al. 2006). However, no

studies have been conducted on ruderal vegetation
in the region. In this study, one alliance and two
associations belonging to halophytic vegetation and
two associations belonging to ruderal vegetation
were detected. These syntaxa determined are new
for science (Fig. 9).

The halophytic syntaxa mentioned in this study
are all assignable to the class Saginetea maritimae
Westhoff, Van Leeuwen & Adriani 1962, order
Frankenietalia pulverulentae Rivas-Martínez ex
Castroviejo & Porta 1976, alliance Halothamno
hierochunticae-Salsolion incanescentis.

The class Saginetea maritimae generally includes

Table 5. Hymenolobo procumbentis-Aeluropetum lagopoidis ass. nov.
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syntaxa that diffuse in dwarf pioneer vegetation
populating loamy and sandy soils in habitats under
salt-spray influence. Halothamno hierochunticae-
Salsoletum incanescentis and Hymenolobo procumbentis-
Aeluropetum lagopoidis detected in the study area are
connected to the order Frankenietalia pulverulentae
Rivas-Martínez ex Castroviejo & Porta 1976

representing Mediterranean littoral or inland
halophilous habitats which is included in this class.
Halothamno hierochunticae-Salsolion incanescentis was
formed under this order. 

Another association representing halophytic
vegetation, Hymenolobo procumbentis-Aeluropetum
lagopoidis, was detected for the first time here, and its

Table 6. Frankenio pulverulentae-Chenopodietum albi ass. nov.
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Table 7. Prosopo farctae-Alhagietum manniferae ass. nov.
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tolerance was good for high saline ratio in the soil.
Characteristic taxon of the association, Aeluropus
lagopoides (L.) Trin. ex Thwaites var. lagopoides, is
included in the type composition of many
associations detected in salt deserts and coastal saline
areas by Zohary (1973). 

The rudeal syntaxa were connected to Roemerion
hybridae Br.-Bl. ex Rivas-Martínez, Fernandez
Gonzalez & Loidi 1999, alliance of Centaureetalia
cyani Tx., Lohmeyer & Preising in Tx. ex von

Rochow 1951, order which belongs to Stellarietea
mediae Tx., Lohmeyer & Preising in Tx. ex von
Rochow 1951 class.

The class Stellarietea mediae; annual ephemeral
weed, ruderal, nitrophilous and semi-nitrophilous
communities spread all over the world except warm
tropical regions. The order Centaureetalia cyani
spreads cereal (wheat, barley, oat, rye) weeds on rich
or poor soils loamy or clayey rich soils. Roemerion
hybridae occurs in areas of thermo-mesomediter-
ranean. 

The syntaxa identified in the study area are as
stated below:

Halophytic vegetation
Class: Saginetea maritimae Westhoff, Van Leeuwen

& Adriani 1962
Order: Frankenietalia pulverulentae Rivas-Martínez

ex Castroviejo & Porta 1976
Alliance: Halothamno hierochunticae-Salsolion

incanescentis all. nov.
Association: Halothamno hierochunticae-Salsoletum

incanescentis ass. nov.
Association: Hymenolobo procumbentis-Aeluropetum

lagopoidis ass. nov.
Ruderal vegetation
Class: Stellarietea mediae Tx., Lohmeyer &

Preising in Tx. ex von Rochow 1951 
Order: Centaureetalia cyani Tx., Lohmeyer &

Preising in Tx. ex von Rochow 1951 
Alliance: Roemerion hybridae Br.-Bl. ex Rivas-

Martínez, Fernandez Gonzalez & Loidi 1999
Association: Frankenio pulverulentae-

Chenopodietum albi ass. nov. 
Association: Prosopo farctae-Alhagietum manniferae

ass. nov. 

Fig 9. Distribution of the associations in the study area 
according to IKONOS.

REFERENCES
Adýgüzel N, Aytaç Z (2001) Flora of Ceylanpýnar state farm (Þanlýurfa-Turkey). Flora Mediterranea

11, 333-361.
Aðca N (1999) Soil Salinity and Fodder. In: Güneydoðu Anadolu Projesi (GAP) Fodder Congress, 26-

28 May 1999, Þanlýurfa, 915-922. 
Akman Y, Daget PH (1971) Quelques aspects synoptiques des climats de la Turquie. Bulletin de la

Société Languedocienne de Géographie 5, 3, 269-300. 
Ardos M (1992) Türkiye'de Kuaterner Jeomorfolojisi. Ýstanbul Üniversitesi, Edebiyat Fakültesi Yayýný,

Ýstanbul.
Anonymous (1972) Harran Ovasý Hidrojeolojik Etüt Raporu. D.S.Ý. Genel Müdürlüðü, Ankara.
Anonymous (1980) Güneydoðu Anadolu Projesi. D.S.Ý. Genel Müdürlüðü, Ankara.
Anonymous (2002) Uzaktan Algýlama. Ýþlem Þirketler Grubu, Ankara.
Anonymous (2006) Þanlýurfa Meteoroloji Ýstasyonu Rasat Verileri. DMÝ Genel Müdürlüðü Araþtýrma

ve Bilgi Ýþlem Dairesi Baþkanlýðý Arþivi, Ankara.



Syntaxonomical Analyses of the Secondary Vegetation of Harran... Ekoloji

No: 75, 2010 13

Ashraf M (1999) Breeding for salinity tolerance proteins in plants. Critical Reviews in Plant Sciences
13, 17-42. 

Atamov V, Aktoklu E, Çetin E, Aslan M, Yavuz M (2006) Halophytication in Harran (Þanlýurfa) and
Amik plain (Hatay) in Turkey. Phytologia Balcanica 12, 3, 401-412.

Aydoðdu M, Hamzaoðlu E, Kurt L (2002) New halophytic syntaxa from Central Anatolia (Turkey).
Israel Journal of Plant Sciences 50, 313-323.

Aydoðdu M, Kurt L, Hamzaoðlu E, Ketenoðlu O, Cansaran A (2004) Phytosociological studies on
salty steppe communities of Central Anatolia in Turkey. Israel Journal of Plant Sciences 52, 71-79.

Bastiaanssen GM, Molden DJ, Makin IW (2000) Remote sensing for irrigated agriculture examples
from research and possible application. Agricultural Water Management 46, 137-155.

Bayramov E, Mamedov R (2008) Modeling method for the prediction of the Caspian Sea Level
Fluctuation Impacts on the Azerbaijan Coastal Zones Landscape Based on GIS. Ekoloji 17, 67, 23-27.

Birand H (1961) Tuzgölü Çorakçýl Bitkileri. Toprak-Su Genel Müdürlüðü Neþriyatý, Ankara.
Braun-Blanquet J, Roussine MN, Négre R (1952) Les Groupements Végétaux de la France

Méditerranéenne. Centre National De La Recherche Scientifique "Service de la Carte des Groupements
Végétaux", Montpellier.

Braun-Blanquet J (1965) The Study of Plant Communities. Plant Sociology (translated by Fuller GD,
Conard HS). Hafner Publishing Company, New York.

Çolak AH, Sorger F (2004) Türkiye Çiçekleri. Lazer Ofset, Istanbul.
Davis PH, Mill RR, Tan K (1988) Flora of Turkey and the East Aegean Islands. Vol. 10 (Supplement),

Edinburgh University Press, Edinburgh.
Davis PH  (1965-1985) Flora of Turkey and the East Aegean Islands. Vol. 1-9, Edinburgh University

Press, Edinburgh.
Dinç U, Þenol S (1988) Güneydoðu Anadolu Bölgesi Topraklarý (GAT). I. Harran Ovasý, TÜBÝTAK

Tarým ve Ormancýlýk Araþtýrma Grubu Güdümlü Arastýrma Kesin Raporu, Proje no, TOAG-534, Ankara.
Doðanay H (1994) Türkiye Beþeri Coðrafyasý. Gazi Büro Kitabevi, Ankara. 
Emberger L (1954) Une classification biogéorgaphique des climats. Recueil Travaux Laboratoire

Botanique Géologie Zoologie Faculté Science Université Montpellier, Série Botanique, 7, 3-43.
Freitag H, Atamov V, Çetin E, Aslan M (2009) The genus Halothamnus Jaub. & Spach

(Chenopodiaceae) in Turkey. Turkish Journal of Botany 33, 5, 325-334.
Frey W, Lösch R (1988) Pflanze und Vegetation in Raum und Zeit. Lehrbuch der Geobotanik. G.

Fischer, Stuttgart.
Flowers TJ, Troke PF, Yeo AR (1997) The mechanism of salt tolerance in halophytes. Annual Review

of Plant Physiology 28, 89-121. 
Guray HG, Demir M (2001) The changes in contents of salt marsh species and the importance of

edaphic physicochemical factors. Arab Gulf Journal of Scientific Research 19, 35-43.
Güleryüz G, Arslan H (2001) Doðal alanlarýn korunmasýnda vejetasyon mozayiði ve coðrafi bilgi

sistemleri tekniklerinin önemi. Ekoloji 10, 38, 23-27. 
Güner A, Özhatay N, Ekim T, Baþer KHC (eds.) (2000) Flora of Turkey and the East Aegean Islands.

Vol. 11 (Supplement). Edinburgh University Press, Edinburgh.
Hamzaoðlu E, Aksoy A (2006) Sultansazlýðý bataklýðý halofitik topluluklarý üzerine fitososyolojik bir

çalýþma (Ýç Anadolu-Kayseri). Ekoloji 15, 60, 8-15. 
Hamzaoðlu E, Aksoy A (2009) Phytosociological studies on the halophytic communities of Central

Anatolia. Ekoloji 18, 71, 1-14.
Hedge IC (1997) Atriplex L. In: Rechinger KH (ed), Flora Iranica (Chenopodiaceae). Akademische

Druck-u, Verlagsanstalt, Graz, 63-87.
Ýstanbulluoðlu A (2004) Investigation of the vegetation on saline-alkaline soils and marshes of Iðdýr

plain in Turkey. Pakistan Journal of Biological Sciences 7, 5, 734-738. 
Kaya ÖF, Ertekin AS (2009) Flora of the protected area at the Tek Tek mountains (Þanlýurfa-Turkey).

Ot Sistematik Botanik Dergisi 16, 2, 79-96. 



Kaya et al.Ekoloji

No: 75, 201014

Kropác Z (2006) Segetal vegetation in the Czech Republic: Synthesis and syntaxonomical revision.
Preslia 78, 123-209.

Mucina L (1997) Conspectus of classes of European vegetation. Folia Geobotanica &
Phytotaxonomica 32, 117-172.

Munns R (1999) The Impact of Salinity Stress. The Foundation For Sustainable Agriculture Coping
with Plant Environmental Stress, Canberra.

Munsuz N, Çaycý G, Ok SS (2001) Toprak Islahý ve Düzenleyiciler. Ankara Üniversitesi Basýmevi,
Ankara.

Ocakverdi H (1984) Seydiþehir Kuðulu bataklýðýnýn (Konya) fitososyolojik yönden incelenmesi.
Selçuk Üniversitesi Fen-Edebiyat Fakültesi Fen Dergisi 3, 223-235.

Özkutlu F, Ýnce F (1999) Present State of Salinity in the Harran Plain and Potentials for Its Expansion.
In: GAP 1 Agricultural Congress, 26-28 May 1999, Þanlýurfa 2, 909-914. 

Öztürk M, Güvensen A, Sakçalý S, Görk G (2008) Halophyte Plant Diversity in the Irano-Turanian
Phytogeographical Region of Turkey. In: Abdelly C, Öztürk M, Ashraf M, Grignon C (eds.), Biosaline
Agriculture and High Salinity Tolerance, Birkhauser Verlag, Switzerland, 141-153.

Page AL, Miller RH, Keeney DR (eds.) (1982) Methods of Soil Analysis. American Society of
Agronomy Inc., Madison.

Post GE (1932) Atriplex L. In: Post GE (ed.), Flora of Syria, Palestine and Sinai II, American Press,
Beirut, 432-436.

Saatçý F, Tuncay H (1971) Ege Bölgesi Tuzlu ve Alkali Topraklarý Üzerinde Araþtýrmalar. Ege
Üniversitesi Ziraat Fakültesi Yayýnlarý, Ýzmir.

Tardu T, Baþkurt T, Güven A, Us E, Dinçer A, Tuna ME, Tezcan US (1987) Akçakale Grabeni'nin
Yapýsal-Stratigrafik Özellikleri ve Petrol Potansiyeli. In: Türkiye 7. Petrol Kongresi, 6-10 Nisan 1987,
Türkiye Petrol Jeologlarý Derneði, Ankara, 36-49.

Tatlý A, Ýstanbulluoðlu A (1986) Iðdýr Ovasýndaki Çorak Saha Vejetasyonunun Bitki Sosyolojisi
Yönünden Araþtýrýlmasý. In: VIII. Ulusal Biyoloji Kongresi Bildiri Metinleri, 3-5 Eylül 1986, Ýzmir, 167-
187.

Tuð GN (2006) Determination of the factors effective on zonation of halophytic vegetation of Salt
Lake, Inner Anatolia, Turkey. PhD Thesis, Ankara University Graduate School of Natural and Applied
Sciences Department of Biology, Ankara.

Tunçdilek N (1985) Türkiye'de Relief Þekilleri ve Arazi Kullanýmý. Ýstanbul Üniversitesi Yayýný,
Ýstanbul.

Ungar IA (1998) Are biotic factors significant in influencing the distribution of halophytes in saline
habitats? The Botanical Review 64, 176-199.

Waisel Y (1972) Biology of Halophytes. Academic Press, New York.
Weber HE, Moravec J, Theurillat JP (2000) International code of phytosociological nomenclature 3rd

edition. Journal of Vegetation Science 11, 739-768. 
Yeo AR (1983) Salinity resistance, physiologies and prices. Physiologia Plantarum, 58, 214-220.
Yokoi S, Bressan RA, Hasegawa PM (2002) Salt Stress Tolerance of Plants. In: Japan International

Research Center for Agricultural Sciences Working Report, Ibaraki, 25-33.
Yurdakulol E (1974) Konya ovasýndaki çorak bataklýklarýn vejetasyonunun bitki sosyolojisi yönünden

araþtýrýlmasý. Bitki 1, 257-277.
Yurdakulol E, Ercoþkun T (1990) Orta Anadolu'da çorak alanlarýn vejetasyonu üzerinde ekolojik ve

sintaksonomik araþtýrma. Doða Türk Journal of Botany 14, 109-123.
Yurdakulol E, Öncel I, Demirörs M, Yýldýz A, Keleþ Y (1996) Ecological and syntaxonomic

investigation of salt marshes vegetation in the vicinity of Burdur and Acýgöl (Denizli/Turkey). Ecologia
Mediterranea XXII, 1/2, 51-61.

Zohary M (1966) Atriplex L. In: Zohary M and Feinbrun-Dothan N (eds.), Flora Palaestina 1,
Academic Press, Jerusalem, 143-150.

Zohary M (1973) Geobotanical Foundations in the Middle East. Vols. 1-2, Gustav Fischer Verlag,
Stuttgart.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


