
Introduction

Water resources, and climatic and edaphic factors are the

main contributors to diversity and distribution of plant com-

munities (Hegazy et al. 2008). Edaphic conditions are of pri-

mary importance that influence plant distribution and com-

munity structure (Kluse and Allen-Diaz 2005). Limited

resources prevalent in a saline desert pose considerable influ-

ence on plant community structure, and species composition

and distribution (James et al. 2005). For successful adapta-

tion to specific environmental conditions, particularly ex-

treme aridity or salinity, plants depend upon a variety of

ways, of which competitive strength and stress tolerance, re-

sistance or avoidance are important (Körner 1994). For ex-

ample, quite a few short-lived semi-arid species may rely on

persistent seed bank in combination with high reproductive

output at the survival of the population as has been recently

reported for Helianthemum squamatum (Aragón et al. 2009).

From different environmental factors, soil properties are

of prime importance as they directly influence plant growth

and distribution (Hoveizeh 1997). Pattern of assemblages

within communities depend on both soil variables (e.g. N, P,

K and organic matter) and topographic variables (Zhang et

al. 2006). Topographic gradients in arid conditions usually

are coupled with differences in decreasing soil fertility and

increasing salinity, pH and concentrations of toxic elements

like Na and B (James et al. 2005). For example, increasing

salinity to the direction of depressions (in lower relative alti-

tudes) not only increases the plant nutrient requirements, but

also considerably interferes with the uptake of cations such

as K
�

, Ca
��

and Mg
��

(Drenovsky and Richards 2003). Sol-

ute composition, along with overall salinity and habitat sta-

bility, may provide an indication of the distribution of many

plants inhabiting saline habitats (Herbst 2001).

There is an urgent need to search ecological indicators

for the conservation and management of natural resources,

but the task behind the selection or identification of suitable

indicators is not so easy (Marignani et al. 2008). However,

the factors that influence the community structure and spe-

cies distribution are of prime importance in plant ecology

(Jafari et al. 2003). Since saline desert conditions are rare in

nature, such types of typical habitats have very unique ecol-

ogy that must be considered for devising proper management

practices of such distinctive ecosystems. In view of the spe-

cific types of plant species inhabiting on specific saline habi-

tats in the Cholistan desert it was hypothesized that the colo-

nization of all these species depends on soil salinity, a major

determinant of all the habitats under study.

In the present study, the emphasis was given on the im-

pact of increasing salinity on vegetation structure and ordi-

nation, which may provide appropriate data to understand the

adaptive mechanisms of inhabiting species on such unique

stressful environments. The purpose of this study was to in-

vestigate the relationship between soil factors and plant spe-

cies, which give an insight into community structure under

harsh climatic conditions. Since the saline habitats of the

Cholistan desert represent a unique community structure,

complete understanding of edaphic factors that control the
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ecology of the region could be applied to the management of

highly salt affected soils.

Materials and methods

Site description

In Pakistan, the Cholistan desert is spread over a vast area

comprising hard-textured clayey, highly saline flats (dahars)

among semi-stable and unstable sand dunes (Arshad et al.

2008). This desert is characteristically hot, arid and sandy

with annual rainfall ranging from less than 100 mm in the

west to 200 mm in the east, and maximum temperature in

summers rises up to 52
�
C (Mughal 1997). Despite all these

characteristics, Cholistan is considered a specific bioregion.

The flora of the desert is typically xeric confronted with mul-

tiple stresses such as high temperature, salinity and sodicity

(Rao and Baber 1990).

Five salt-affected habitats were selected in the Cholistan

desert (Fig. 1). The physico-chemical characteristics of these

habitats are presented in Table 1. Derawar Fort (DF) was the

least saline (29
�

24’ 32.67” N, 71
�

27’ 32.34” E). Traway-

wala Toba (TT) (29
�

10’ 27.65” N, 71
�

09’ 21.57” E) and

Bailahwala Dahar (BD) (29
�

38’ 19.43” N, 70
�

93’ 23.37” E)

were moderately saline, whereas, Ladam Sir (LS) (30
�

53’

26.53” N, 72
�

64’ 24.62” E) and Pati Sir (PS) (30
�

35’ 17.58”

N, 72
�

63’ 22.45” E) were the highly saline sites.

Sampling

The study area was surveyed and all species were listed.

Overall, 11 species (5 grasses and 6 dicots) were recorded

from the 5 study sites located in these salinity-affected habi-

tats. The vegetation was sampled in 1 m × 1 m quadrats ar-

ranged spatially in a grid (Fig. 2). Ten sampling points were

selected along a straight transect line, each separated by 20

m (Fig. 2). Twenty sets of quadrats were laid perpendicular

to a straight transect line at each sampling point for the vege-

tation study. Each quadrat was separated by a distance of 5

m and each sampling point on the transect line by 20 m. Data

for percent cover of each species in each quadrat were re-

corded and the values for relative percent cover calculated

for each species following the method of Hussain (1983) and

Ludwig and Reynolds (1988).

Soil samples were taken from 10 quadrats (indicated by

black quadrats in Fig. 2) at each sampling point at each study

site. The soil underneath the roots at a depth of 30 cm was

taken to analyze for physicochemical characteristics. To

measure the saturation percentage, pH and electrical conduc-

tivity of the soil collected from the root zones, a sample of

200 g of dried soil was used for the preparation of saturation

paste. Soil saturation percentage was determined by subtract-

ing the weight of saturated paste from the dry weight of the

soil. Total soluble salts (TSS) were calculated according to

Carrow and Duncan (1998). The osmotic potential of the soil

extract was determined by using a vapor pressure osmometer

(WESCOR 5500). The soil saturated extract was used to de-

termine pH and electrical conductivity (ECe) using a pH/EC

meter (WTW series InoLab pH/Cond 720). Organic matter

of the soil was determined according to Walkley-Black

method as described by Black (1965). Sodium adsorption ra-
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tio (SAR) was calculated according to the method described

in USDA Handbook 60.

Cations such as Na
�
, K

�
and Ca

��
in the soil extracts

were determined with a flame photometer (Jenway, PFP-7).

A graded series of standards ranging from 10-100 mg L
��

were prepared by taking 1-10 ml, respectively, from 1000 mg

L
��

standard stock solution and the volume was made up to

100 ml for each standard. Standard curves were prepared by

drawing concentration against absorption. Nitrate was deter-

mined according to the method described by Kowalenko and

Lowe (1973), while total phosphorus was determined fol-

lowing the method of Yoshida et al. (1976) using molybdate-

vanadate solution. Chloride content was determined with a

digital chloride ion meter (Jenway, PCLM 3), while Mg
��

determined with an atomic absorption spectrophotometer

(Perkin Elmer; A Analyst 300).

Data analysis

Analysis of variance for data of soil variables and eco-

logical parameters was calculated (Steel et al. 1997) and the

means were compared by applying the LSD test. The Ca-

nonical Correspondence Analysis (CCA) technique was ap-

plied to the data for different ecological attributes to evaluate

the impact of different ecological variables on species distri-

bution using Canoco Computer Package for Windows

[Version 4.5]. The Multivariate Direct Gradient Model

was fitted and all variables (nominal) were plotted on

CCA Axes 1 and 2.

Results

Soil physico-chemical characteristics

It was obvious from the soil physico-chemical charac-

teristics (ECe, TSS, and osmotic potential) that DF was the

least saline among the study sites, TT and BD the moderately

saline sites, LS highly saline, and PS the highest saline site.

Most of the soil physico-chemical characteristics varied sig-

nificantly at p<0.001 except soil organic matter and pH,

which showed non-significant differences among all the

vegetation study sites (Table 1).

Vegetation studies

Sporobolus ioclados was the most dominant grass spe-

cies among all grasses recorded in relation to relative percent

cover, but the cover value decreased significantly with in-

crease in salinity level of the habitat (Fig. 3). Two grasses,

Cymbopogon jwarancusa and Ochthochloa compressa

showed increased relative percent cover with increase in sa-

linity level of the habitat, but this increase was statistically

non-significant, particularly at moderate or highly saline

sites. The dominance in terms of relative percent cover of a

grass species Aeluropus lagopoides was not much affected

by increasing salinity level of the habitat, but it was slightly

decreased at the highly saline sites. The percent cover of the

grass species Lasiurus scindicus, on the other hand, de-

creased significantly with increase in salinity level of the

habitat.

Among dicots, Haloxylon recurvum was the most domi-

nant species in terms of percent cover where moderate salini-

ties resulted in a significant increase (p<0.05) in its percent

cover, but higher salinities significantly reduced its percent

cover. Relative percent cover of Suaeda fruticosa, on the

other hand, increased significantly (p<0.05) with increase in

salinity level of the habitat. A non-significant variation in

percent cover was observed in the case of Haloxylon salicor-

nicum, and Cressa cretica, and particularly this characteristic

was consistently decreased in the former species with in-

crease in salinity level of the habitat. Fagonia indica, in con-

trast, showed a singnificant (p<0.05) increase in percent

cover at both highly salinity affected habitats (LS and PS)

with respect to the least saline DF. In contrast, percent cover

of Salsola baryosma was significantly (p<0.05) affected by

increasing salinity level of the habitats, with its minimum

value at the highly saline PS (Fig. 3).

Table 1. 0�� �	������	����
� �	
�
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CCA analysis

CCA ordination biplot (Fig. 4) showed a clear influence

of soil physico-chemical characteristics on distribution pat-

tern of different species at different habitat types. Aeluropus

lagopoides and Cressa cretica showed a strong association

with the least saline site DF. The distributional pattern of

these species was strongly influenced by soil Na
�

and SAR.

Moderately saline TT was associated with Fagonia indica,

Haloxylon salicornicum, Salsola baryosma and Sporobolus

ioclados, but had no influence on soil physico-chemical char-

acteristics. Moderately saline BD was associated with the

distribution of Haloxylon salicornicum, but strongly influ-

enced by soil Cl
�

and to some extent by soil ECe. Highly sa-

line site LS was associated with the distribution of Suaeda

fruticosa, Cymbopogon jwarancusa and Lasiurus scindicus,

but strongly influenced by soil K
�
. The highest saline PS

seemed to have strongly affected the distribution of Ochtho-

chloa compressa but was not influenced by any of the soil

physico-chemical characteristics.

Discussion

The effect of salinity gradient on community structure

and species distribution, particularly in arid or semi-arid re-

gions of the world, has been reported by many investigators

(Flowers 1975, Jafari 1989, Asri 1993, Caballero et al. 1994,

Maryam et al. 1995). In addition to salinity gradient, soil

moisture may also contribute significantly to the vegetation

pattern (Abu-Ziada 1980). Furthermore, soil characteristics

like soil salinity and texture are most strongly correlated with

the distribution of vegetation types (Jafari et al. 2004).

Salt-affected habitats in the Cholistan desert support very

specific vegetation that generally can tolerate extremely high

levels of soil salinity. Therefore, the dominance in terms of

percent cover of the inhabiting species, both of grasses and

dicots, was very different in response to varying salinity lev-

els of their respective habitats. Some species were quite re-

sponsive to salinity level of the site, while the dominance of

others was not affected by the soil salinity. For example,

among grasses, Aeluropus lagopoides, Cymbopogon jwaran-

cusa, Lasiurus scindicus and Sporobolus ioclados were re-

corded from all sites, however, Ochthochloa compressa was

completely absent from the highly saline site (Pati Sir). Simi-

larly, among dicots, Haloxylon recurvum, H. salicornicum,

Salsola baryosma and Suaeda fruticosa were present at all

habitats, but Cressa cretica was missing from the highly sa-

line site (Ladam Sir) and Fagonia indica from the moder-

ately saline site (Bailahwala Dahar).

Among the dicot species, Cressa cretica is a short-lived

annual, but it grows as an important component of halophytic

vegetation in saline seacoasts and inland salt marshes (Abd

El-Ghani 2000, Miloviæ and Markoviæ 2003). This species

has an optimal growth at 25 dS m
��

salinity level (Dagar

1998) and therefore constitutes a dominant component in dif-

ferent halophilic communities (Asri and Ghorbanli 1997). Its

distribution was strongly influenced by soil Na
�

and ECe.

Figure 3. 4��
���� ���� � ��� �
�� 
������� ����� � �	�

�	����
� ������ ",� - ,��
�
� ���� �� - ��
�
��
�
 ��
�

., - .
��
	�
�
 ,
	
�� /0 - /
�
� 0��� 10 - 1
�� 0��&� �	�

������ ��������� �	� ��
� �
���� 
�� �	� �	��2��� �	� ��
���


�� ����� �	� ���� � ����� ���������� 
� ���
�� �
������ ��
���

���� +�
�� �	
���� ��������� ������� 
�� ��������
�� 
� �5(�(6�

Figure 4. ��� �����
��� ������ �	���� �	� ������ � ���

�	�����	����
� �	
�
���������� � ����������� � ��������� ����

���� 
� ,��
�
� ��� ",�&� �
�
�
��
�
 ��
 "��&� .
��
	�
�


,
	
� ".,&� /
�
� 0�� "/0& 
�� 1
�� 0�� "10& ����� �� �	����
�

������ (�	� �	����	���
 	������
 Si� ���������� ��	�
��� 

Hr� �
������� �	����� Hs� �
������� �
��	����	�� Sf�

��
�
 �����	��
 Sb� �
����
 �
�����
 Cc� ����
 	���	
 

Fi� �
����
 ����	
 Al� �������� ��
����� Ls� !
������

�	����	�� Cj� ���������� ��
�
�	��
 �007 ��
� ������

�
��� � ���8 0�47 ����� 
������� �
�� � ���8 �17 �����

������
� � ���8 9
7 ��� 9

�
8 :7 ��� :

�
8 �
7 ��� �


��
8 97 ���

9��
�
� 17 ��� 1��

��
&

Soil salinity and community structure 87



Moreover, it showed no correlation with any of the other soil

physico-chemical characteristics of different habitats. This

implied that sodium in the soil (SAR and Na
�
) could be the

key determinant that may have affected the distribution and

structure of C. cretica communities in the study area as al-

ready observed by Khan (1998) and Abd El-Ghani (2000).

Fagonia indica is a small shrubby perennial that nor-

mally grows in relatively less saline habitats (Iqbal et al.

2002). It is obvious from the CCA results that this species

was located mainly on the moderately saline site TT, with

sparse distribution on highly salt-affected sites. On the other

hand, relative percent cover increased with increase in salin-

ity level of the habitats. This indicates its ability to grow in

relatively less saline soils with less negative osmotic poten-

tial and contents of other nutrient. Jafari et al. (2004) rated

soil factors like soil ionic contents as the most effective fac-

tors in the distribution of vegetation types. The distributional

pattern of this species was somewhat influenced by soil Cl
�
,

which seems to be the key factor in this case (Ashraf and Yas-

min 1997).

Among other species, S. baryosma and S. ioclados have

been regarded as highly salt tolerant as they have succulent

stems or leaves and can accumulate high quantity of ions

(Khan and Gulzar 2003, Kasera and Mohammed 2009).

Their distribution was not influenced by any of the soil

physico-chemical characteristics, but more concentrated at

moderately saline TT. However, the dominance of these two

species in relation to relative percent cover was adversely af-

fected with increase in the salinity level of the study site. This

indicated the reduction in percent cover (i.e., smaller plant

with stunted growth) of both S. baryosma and S. ioclados,

which may be beneficial in conserving vital energy for meta-

bolic processes involved in salinity tolerance rather than

growth of aerial parts (Munns and Tester 2008).

The distribution of Haloxylon salicornicum was concen-

trated more towards moderately saline TT and BD, but

strongly influenced by soil Cl
�
, which may be the major de-

terminant of its distribution. However, soil ECe and Ca
��

may also contribute towards its distributional pattern.

In contrast, S. fruticosa, a leaf succulent (Freitag et al.

2001), showed increased percent cover with increasing salin-

ity. This may be due to its ability to compartmentalize toxic

ions like Na
�

and Cl
�

in leaves and thus keeping salts away

from metabolically active tissues and maintaining growth un-

der extreme salinities (Flowers and Colmer 2008). In addi-

tion, soil K
�

seemed to be the major determinant of its distri-

bution along with two grasses, Cymbopogon jwarancusa and

Lasiurs scindicus, particularly at highly saline site LS, which

may be important for maintaining osmotic adjustment as well

as K
�
/Na

�
ratio (Hameed and Ashraf 2008).

Aeluropus lagopoides is a salt-excreting perennial grass

that is distributed from coastal areas to saline flats, and it can

be found as a dominant species in different habitats with

varying environmental conditions (Gulzar and Khan 2001,

Naz et al. 2009). This species is among highly saline tolerant

grasses (Dagar 1998) that can also tolerate up to 1000 mM

NaCl (Gulzar et al. 2003, Khan et al. 2006). It also shows

better growth at relatively high temperatures (Bodla et al.

1995, Gulzar and Khan 2001, Gulzar et al. 2003). These in-

dicate its perfect adaptation to saline-hit habitats of the hot

environments of the Cholistan desert. It is also a dominant

species of salt marshes, where salinity is one of the most im-

portant factors affecting the distribution and structure of

plant communities (Abd El-Ghani 2000). In this study, the

distributional pattern of this species was strongly influenced

by soil Na
�

and to some extent soil Ca
��

. However, relative

percent cover of this species was not affected by increasing

soil salinity, and that may be an indication of its survival and

growth at high salinities irrespective of the salinity level of

the habitat.

Soil physico-chemical characteristics had no influence

on the distributional pattern of O. compressa, particularly at

the highest saline PS. Ochthochloa compressa depends on

salt excretion via salt glands, salt hairs and micro-hairs for its

survival under high salinities (Naz et al. 2009), which is con-

sidered an effective mechanism of salt tolerance in mono-

cots. The salt excretion mechanism may have helped this spe-

cies to colonize on habitats with high salinities as observed

in the present study that the relative percent cover of this spe-

cies increased with increase in salinity level of the habitat.

As for the relative percent cover of species is concerned,

comparatively less saline sites like Derawar Fort (DF) sup-

ported the formation of A. lagopoides and C. cretica.

Trawaywala Toba (TT) and Bailahwala Dahar (BD) (moder-

ately saline), influenced the distribution of F. indica, H. sali-

cornicum, and S. baryosma of all dicots. However, S. io-

clados, a solitary dominant grass was also a major

component of the vegetation at TT and BD sites. The highly

saline site, Ladam Sir (LS) influenced the distribution of S.

fruticosa and L. scindicus. Pati Sir (PS), the highest saline

site, had a strong influence on O. compressa. Such distribu-

tion of species has also been reported by Hameed et al.

(2002) who reported S. fruticosa and A. lagopoides commu-

nity in highly saline and saline sodic soils at Lal Suhanra Na-

tional Park, a site close to the Cholistan desert. In addition,

Arshad and Rao (1995) reported dominant undershrubs and

herbs such as Trianthema triquetra, Sesuvium sesuvioides, S.

baryosma, S. fruticosa, H. recurvum and H. salicornicum on

the saline area of Cholistan. They also reported A.

lagopoides, S. ioclados and Eragrostis barrellieri as the

dominant grasses, and O. compressa as co-dominant, while

the distribution of L. scindicus restricted to sand dunes. How-

ever, in the present study, the distribution of L. scindicus was

also recorded in plain saline patches and its restriction at sand

dunes.

Conclusion

In general, each species in the present studies has very

specific relation to different environmental variables, and

this reflects the habitat condition, ecological adaptations and

stress tolerance degree of the individual species. Such eco-
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logical indicators may contribute significantly to the im-

provement and reclamation of the habitat. Some species were

more responsive to the highly saline environments than the

others. The community structure and composition of each

habitat type were very specific, and the most dominant com-

ponent being Sporobolus ioclados. Overall, distribution and

community structure of other three grasses (A. lagopoides, L.

scindicus and C. jwarancusa) were more or less stable at all

the habitat types. On the contrary, dominance of dicot species

was little more affected to increasing salinity at each habitat.

On the basis of species composition and structure, soil physi-

cochemical characteristics and phytosociological parame-

ters, it can be concluded that salinity alone was not the key

factor for the distribution of species at salt affected habitats,

but soil structure and composition, available nutrients, and

soil moisture may also be responsible for the distribution of

individual species and community structure at these habitat

types.
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