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Abstract. Soil seed banks were assessed in three soil layers (L1, from 0 to 2 cm, L2, 2 to 4 cm and L3,
4 to 6 cm depth ) from five microhabitats i.e., Lee-ward side of sand dune (S1), Wind-ward side of sand
dune (S2), Clayey area covered with sand (S3), Interdunal sandy area (S4) and Shifting sand dune of site
Dingarh Fort area (S5) in Cholistan desert of Pakistan to analyse differences of soil seed bank among these
habitats. Ten soil samples were collected from each microhabitat and from each layer i.e., 0-2 cm depth
(L1), 2-4 cm depth (L2) and 4-6 cm depth (L3) by using 15x15x6 cm metallic sampler. Consistent
differences in seed composition were observed among these microhabitats. Seedling emergence approach
was used to assess the soil seed bank of Cholistan desert. Canonical correspondence analysis (CCA) was
used for the soil seed bank and the plant species analysis. The microhabitats S3 (Clayey area covered with
sand) and S4 (Interdunal sandy area) contributed prominently to the total variance in the species and had
maximum density of seed bank and soil layer L1 contained maximum number of seeds.
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Introduction

Cholistan is a hot and sandy desert in South of Punjab
province of Pakistan (Arshad et al., 2002). The mean
annual rainfall ranges from < 100 mm in the West and
up to 200 mm in the East. Rain usually occurs during
monsoon (July-September) and spring (January- March).
Average minimum and maximum temperature ranges
between 20 °C and 40 °C, with highest soaring up to
50 °C (Arshad et al., 2002; Mughal, 1997). As annual
rainfall is highly variable both on temporal and spatial
scales, aridity is the most striking feature of this desert
with wet and dry years occurring in clusters. Information
of soil seed banks and their relationship to the standing
vegetation of this area is a fundamental part of our
scientific knowledge and understandings about the
ecological and physiological processes through which
all plants in general and desert plants in particular have
become adapted to their variable and harsh environment.
Although the literature related to seed banks is increasing
and expanding (Mandék et al., 2012; Zuo et al., 2012,
Schiitz et al., 2008; Wolters and Bakker, 2002; Gul and
Khan, 2001; Khan, 1993; Benoit et al., 1989; Egley,
1986) however, the present literature has no evidence
about the seed bank of Cholistan desert of Pakistan. A
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major generalization of desert ecology is that the number
of seeds per unit area in the soil seed bank remarkably
varies among microhabitats, so far as in any desert
different microhabitats can be selected for analysing
the seed bank. Assessing differences in seed composition
of distinct microhabitats can clarify the relationship
between patterns and processes of soil seed banks.
Knowledge of the particular location of different seed
types may explain the spatial pattern of plant recruitment
at the microhabitat scale (Marone et al., 2000). The
detection of differences in composition of soil seed
banks, but not of gross differences in total seed numbers,
can help to identify the main ecological mechanisms
which govern seed fluxes in arid and semiarid
ecosystems of deserts like Choilstan. From 80 to 90%
of soil seeds are present in the upper 2 cm of soil (Al-
Yameniand Farraj, 1995; Reichman, 1975; Childs and
Goodall, 1973) and of those, most are in the litter or
top few centimeters of soil ( Bastida ez al., 2010; Young
and Evans, 1975). The information on how spatial scale
influences the spatial heterogeneity of soil seed banks
in a grassland under grazing disturbance is still lacking
(Zuo et al.,2012). Same is the case with the information
about the soil seed bank of Cholistan desert, although
the soil seed bank is very important for conservation
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of species (Bernhardt and Elisabeth, 1989). So, the
present study was under taken to observe seed bank of
Cholistan desert and results of this study can provide
useful information for the conservation of biodiversity
of Cholistan desert.

Materials and Methods

Seed bank samplings. The present ecological piece of
work was conducted at Baghdad-ul-Jadeed campus,
The Islamia University of Bahawalpur, Pakistan to find
out the viable seed bank for the soil samples from a
selected site in Dingarh Fort area in Cholistan desert.
Soil samples for seed bank were collected from three
layers. They were 0-2 cm (L1), 2-4 cm (L2) and 4-6
cm (L3) of five microhabitats including (i) Lee-ward
side of sand dune (S1), (ii) Wind-ward side of sand
dune (S2), (iii) Clayey area covered with sand (S3),
(iv) Interdunal sandy area (S4) and (v) shifting sand
dune (S5). The field area of University campus also has
sand dunes like that of Cholistan desert where tem-
perature becomes so high in summer (40-50°C) as in
desert and rainfall is mostly below 200 mm, which was
ideal place for this experiment.

These samples were placed in the plastic bags and were
brought to the laboratory of Cholistan Institute of Desert
Studies (CIDS), The Islamia University of Bahawalpur.
Samples were spread in 15x15 cm plastic trays of 4 cm
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depth, which were made by plastic sheets molded by
hand and amended to experimental trays. The required
amount of water was provided regularly for seed
germination to estimate the seeds viability. In the present
study, the seedling emergence approach was adopted
to assess the soil seed bank of Cholistan desert. Two
estimation methods of soil seed bank i.e., (i) the physical
extraction of seeds from the soil and (ii) emergence of
seedlings, were used to estimate seed bank composition
(Brown, 1992). Seedlings were identified physically
and visually which were later on counted on simple
numbering basis. Data was statistically analysed by
using the Canoco statistical analysis programme (Braak
and Smilauer, 2002).

Results and Discussion

The interpretations of multivariate results using
Canonical correspondence analysis (CCA) are straight
forward and largely graphical (Palmer, 1993; Braak,
1986). The ordination diagram for Canonical corres-
pondence analysis using the programme Canoco (Braak
and Smilauer, 2002; Braak and Prentice, 1988) was
carried out on the quantitative seed bank data.

The seed bank data about Dingarh Fort area indicates
that the seed of most of the species were present in the
centre for all the four axis with the exception of Acacia
nilotica present on the extreme left of the diagram nearer

Table 1. Weighed (weight = sample total) correlation matrix of ordination axis, seed bank and environmental

SPEC AX1 1.0000 - - - - - - -

SPEC AX2 0.0591 1.0000 - - - - - -

SPEC AX3 -0.1536 -0.0128 1.0000 - - - - -

SPEC AX4 -0.0994 -0.0698 0.0628 1.0000 - - - -

ENVI AX1 0.9000 0.0000 0.0000 0.0000 1.0000 - - -

ENVIAX2 0.0000 0.9431 0.0000 0.0000 0.0000 1.0000 - -

ENVIAX3 0.0000 0.0000 0.8386 0.0000 0.0000 0.0000 1.0000 -

ENVI AX4 0.0000 0.0000 0.0000 0.9129 0.0000 0.0000 0.0000 1.0000

S1 0.1549 -0.1418 -0.3947 0.6840 0.1721 -0.1504 -0.4707  0.7493

S2 0.7915 0.1139 -0.0938 -0.2603 0.8795 0.1208 -0.1119 -0.2851

S3 -0.4668 0.5694 0.2098 -0.2406 -0.5187 0.6038 0.2502 -0.2636

S4 -0.1199 -0.4586 -0.3065 -0.3462 -0.1332 -0.4863 -0.3655 -0.3793

S5 0.2364 -0.2545 0.7046 0.1465 0.2627 -0.2698 0.8403 0.1605

L1 -0.1159 -0.6378 0.0042 -0.3060 -0.1288 -0.6763 0.0050 -0.3352

L2 0.0170 0.2033 0.0518 0.4504 0.0189 0.2156 0.0617 0.4934

L3 0.1546 0.7093 -0.0731 -0.1139 0.1718 0.7521 -0.0871 -0.1248
SPEC SPEC SPEC SPEC ENVI ENVI ENVI ENVI
AX1 AX2 AX3 AX4 AX1 AX2 AX3 AX4
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Table 2. Weighed correlation matrix of environmental variables (microhabitats and soil depth) of seed bank,

S1 1.0000 - - -
S2 -0.1001 1.0000 - -
S3 -0.4790 -0.2017 1.0000 -
S4 -0.2413 -0.1016 -0.4859 1.0000
S5 -0.1436 -0.0605 -0.2892 -0.1457
L1 0.0554 -0.1106 -0.0810 0.0613
L2 -0.0277 0.0696 0.0139 0.0068
L3 -0.0486 0.0788 0.1055 -0.1020

1.0000 - - -
0.0596 1.0000 - -
-0.0459 -0.7590 1.0000 -
-0.0316 -0.5453 -0.1318 1.0000

S1 1.0000 - - -
S2 -0.1001 1.0000 - -
S3 -0.4790 -0.2017 1.0000 -
S4 -0.2413 -0.1016 -0.4859 1.0000
S5 -0.1436 -0.0605 -0.2892

L1 0.0554 -0.1106 -0.0810

L2 -0.0277 0.0696 0.0139

L3 -0.0486 0.0788 0.1055

-0.1457
0.0613
0.0068
-0.1020

1.0000 - - -
0.0596 1.0000 - -
-0.0459 -0.7590 1.0000 -
-0.0316 -0.5453 -0.1318 1.0000

to axisl i.e., the environmental variable (microhabitat)
S2 (Wind-ward side of sand dune). Spearmans correlation
coefficients of this data presented in Table 1-2, show
relationship among ordination axis, seed bank of species
and the environmental variables. The Eigenvalues for
species-environment correlations were 0.90, 0.94, 0.84,
0.91 for axis 1 to axis 4, respectively (Table 3).

Here at this site the total number of species in seed
bank were 19, out of which12 were annuals with 7
perennials. Among the 12 annuals, 3 were grasses while
there were 3 perennial grasses among the 7 perennials.
The total inertia (total variance in the species data) was
recorded as 0.98 (Table 3). Out of the total five
microhabitats involved in this analysis, only two, S3
(Clayey area covered with sand) and S4 (Interdunal
sandy area) contributed prominently to the total variance
in the species data while out of the three layers of soil,
only L1 (0-2 cm depth) contributed the maximum to
total species variance. The strong differences in the soil
seed bank composition among these microhabitats, and
three surface layers, studied at this site depicted by
weighed means (0.49), standard deviation (0.50), and

Inflation factor (3.66). The maximum values for S3
(Clayey area covered with sand) and these three characters
were also highest for L1 (0-2 cm depth) i.e., 0.76, 0.43
and 2.42, respectively (Table 4).

The species Cenchrus biflorus, Cenchrus ciliaris,
Aristida funiculata, Tribulus longipetalus, Mollugo
cerviana, Indigofera hocstetteri, Euphorbia prostrata,
Gisekia pharnaceoides, Dipterygium gluacum, Capparis
decidua, Calligonum polygonoides and Ochthochloa
compressa were found much associated to S3 and the
soil layer L1, as they had maximum number of seeds.
The weakest association was exhibited by environmental
variable S5 and soil layer L3 having the minimum
species in soil seed bank with lowest number of seeds
as shown in the ordination diagram (Fig.1).

Seed bank. Indigenous soil seed banks play a very
important role in facilitating the natural vegetation
particularly in the deserts where the environmental
conditions are too harsh and recovery of vegetation
after a long dry spell mainly depends on the soil seed
banks. Desert ecosystems rely heavily on the remaining
soil seed bank as a reservoir of plant propagules. The
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Table 4. (Weighed) mean, standard deviation and
inflation factor, Dingarh Fort area (DGA)

Name Mean Stand. Inflation
(weighed) dev. factor
SPEC AX1 0.0000 1.1112 -
SPEC AX2 0.0000 1.0603 -
SPEC AX3 0.0000 1.1925 -
SPEC AX4 0.0000 1.0954 -
ENVI AXI1 0.0000 1.0000 -
ENVI AX2 0.0000 1.0000 -
ENVIAX3 0.0000 1.0000 -
ENVI AX4 0.0000 1.0000 -
S1 0.1921 0.3940 2.7552
S2 0.0404 0.1970 1.4684
S3 0.4910 0.4999 3.6639
S4 0.1966 0.3974 2.7890
S5 0.0798 0.2709 0.0000
L1 0.7584 0.4280 2. 4211
L2 0.1551 0.3620 2.3808
L3 0.0865 0.2811 0.0000

goal of this study was to determine the size of the soil
seed bank and distribution of the seeds at different
depths in five different microhabitats of site Dingarh
Fort area in Cholistan desert. There are two main ways
to estimate the soil seed bank. The physical extraction
of seeds from the soil and emergence of seedlings from
soil are used to estimate seed bank composition (Brown,
1992). In present study the seedling emergence approach
was used to assess the soil seed bank of Cholistan desert.

Canonical correspondence ordination of seed bank at
Dingarh Fort area (CCA seed bank data) showed that
ephemerals (annuals) have large amount of seeds in the
soil seed bank both as number of seeds per species and
total number of species. These results are in conformity
with the findings of Caballero e al. (2003) and Bertiller
(1998), who described high number of species (68), in
the seed bank being most of them annual gypsophytes
and perennials play a secondary role here. Annual
species were dominant, both in number and density.
These results also match seed banks in arid ecosystems
studied by Gutierrez et al. (2000), Lyaruu and Backeus
(1999); Marone et al. (1998); Moro et al. (1997) and
Coffen and Lauenroth (1989).

In this study, the soil seed bank of 19 species was
observed in Dingarh Fort area, which comprises of
mainly annuals and perennials and only one tree species
(Fig. 2) (Schutz et al., 2008; Coffin and Lauenroth,
1989). Among the five microhabitats of Dingarh Fort
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Fig. 1. Canonical correspondence ordination of
seed bank at site Dingarh Fort area (CCA
seed bank data) showing the relationships
between species (triangles) and environmental
variables (arrows) Eragrostis barreliri=
Eba,Ochthochloa compressa=0co;
Cenchrus biflorus=Cbi; Cenchrus ciliaris
=Ceci; Aristida funiculata=Afu; Tribulus
longipetalus=Tlo; Sasuvium sasuvioides=
Ssa; Mollugo cerviana =Mce; Indigofera
hocstetteri= 1ho; Gisekia pharnaceoides=
Gph; Euphorbia prostrata=Epr, Foeniculum
velgarus=Fve; Dipterygium gluacum=Dg];
Capparis decidua=Cde;Calligonum
polygonoides =Cpo; Acacia nilotica=Ani,
Fagonia cretica=Fin, Stipagrostis plumosa=
Spl. The environmental variables (vectors)
(microhabitats)=S1; (Lee-ward side of sand
dune) S2 (Wind-word side of sand dune),
S3 (Clayey area covered with sand)=S4
(Interdunal sandy area)=S5 (Shifting sand
dune) and three soil layers=L1 (0-2 cm
depth); L2=(2 to 4 cm); L3= (4-6 cm).

area the microhabitats S3 (Clayey area covered with
sand) and S4 (Interdunal sandy area) contributed
prominently to the total variance in the species and have
maximum seed bank and soil layer L1 (0-2 cm depth)
contained the maximum number of seeds as observed
by Al-Yemeni and Ferraj (1995) that maximum
emergence of seedlings form upper most (0-2 cm) layer
of the soil. Also many other observations on the vertical
distribution of the seed bank confirmed literature reports
that the majority of seeds are located in the top layer
of the soil (Gul and Khan, 2001; Marone et al., 1998;
Connor and Pickett, 1992).
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Fig. 2. Plastic sheets molded and amended to
experimental trays, showing the germination
of seedlings of Acacia nilotica (tree) and
Cenchrus ciliaris (grass). Picture shows the
successful vegetative survival of both types
of seedlings, three weeks after their germi-
nation.

The weakest association was exhibited by microhabitat
S5 (Shifting sand dune) and soil layer L3 (4-6 cm) having
the minimum species in soil seed bank with lowest
number of seeds. Ma et al. (2006) reported that micro-
habitat and stand age of sand have effects on soil seed
viability and seedling development. They found that
three species, namely; Artemisia ordosica, Caragana
korshinskii and Hedysarum scoparium exhibited signi-
ficantly different number of viable seeds in soils from
differently aged stands. So according to these findings
shifting sand dunes are formed by the moving sand
which has very short age so it contained very low soil
seed bank, as depicted by the results of this study.

Conclusion

The number of species and emerging seedlings in the
soil seed banks were higher in the soil of microhabitat
Clayey area covered with sand followed by the micro-
habitat Interdunal sandy area and Shifting sand dune
microhabitat had very low soil seed bank. Among the
three soil layers L1(0-2 cm) had maximum soil seed
bank as compared to the deeper layers. So from the
above results, it is concluded that different microhabitats
had variable soil seed bank and the maximum seed
density could occur and prevail in the surface layer of
the soil up to 2 cm depth.
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