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2.1 Introduction

The north-western Negev sand field represents the eastern extension of the extensive 
Sinai continental erg. It can be subdivided into several distinct units. The dry riverbed 
of the Nizzana channel separates the Haluza-Agur sand field north of the channel 
from the Hallamish-Shunra sand fields south of the channel (Fig. 2.1). The Nizzana 
research site is located in the proximity of the Egyptian-Israeli borderline in the 
southern Hallamish sandy area. The sand ridges in the area trend W–E and are con-
sidered by Tsoar et al. (see Chap. 3, this volume) as vegetated stabilized linear dunes 
(Fig. 2.2). The dunes are up to 18 m high, with an average of around 8.5 m (Allgaier 
1993). The relative height of the dune increases from north to south.

The area is characterized by a sharp rainfall gradient. Average annual rainfall 
varies from approx. 170 mm in the north to approx. 90 mm in the south along a 
distance of 35 km. The rainy season is limited to the winter months, extending from 
October to May. Mean monthly temperatures vary from 9 °C in January to 27 °C in 
August (see Chap. 4, this volume). The northern sandy area is classified as arid, 
the southern area as hyper-arid. The whole sandy area is characterized by a low 
wind energy (see Chaps. 3 and 4, this volume). The prevalence of weak winds 
explains many of the special and important properties of this sandy ecosystem, 
such as the high stability of very large areas caused by the extensive development 
of biological topsoil crusts, the relatively high content of fine-grained particles in 
the topsoil crust, as well as the high vegetation cover (∼30% over the crusted areas) 
indicative of a relatively good water regime despite the arid and hyper-arid climatic 
conditions.

The description and analysis of the various geo-ecological units will focus on 
the units identified in the southern Hallamish sand field where the Nizzana Arid 
Ecosystems Research Site is located. Numerous studies on various physical and 
biological aspects have been conducted at this site during the period 1989–2004, 
enabling an advanced understanding of the structure and functioning of this sandy 
ecosystem under wet and dry rainfall years.
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Fig. 2.1 Location map and physiography of the area

Fig. 2.2 General view of the linear vegetated dunes
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2.2 Geo-Ecological Units in the Hallamish Sand Field

The Hallamish sand field occupies the sandy area south of the riverbed of the 
ephemeral Nizzana channel. This area differs from the Haluza-Agur sandy area in 
two aspects.

1. The relative elevation of large sections of dune ridges is the highest in the study 
area, and large parts of the sandy ridges are still active.

2. Flat fluvial sediments deposited by the Nizzana channel occur in the interdune 
corridors. A transect orthogonal to the dune ridges reveals the following geo-
ecological units (Figs. 2.3, 2.4).

Fig. 2.3 Geo-ecological units across the dune system

Fig. 2.4 View of the active dune crest and of the crusted-vegetated dune slope
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2.2.1 The Sandy Ridge

The sandy ridge can be divided into two subunits: the active crest and the dune 
slope (Fig. 2.3).

The Active Dune Crest

The dune crest is composed of unconsolidated coarse to medium quartzitic 
sand, with an extremely low amount of fine-grained particles. The sand fraction 
contains up to 5% carbonates in the form of terrestrial shell fragments from 
snails. Silt and clay contents increase slightly with depth but never exceed 6%. 
The silt fraction is composed predominantly of calcite (35–45%), followed by 
quartz (30–40%) and some dolomite and feldspars. The clay fraction contains 
primarily montmorillonite with low amounts of kaolinite and illite (Amit and 
Harrison 1995).

Well-developed ripple marks are clearly indicative that this part is very 
active and unstable under present-day conditions. Cross bedding can be 
observed. Exceptionally strong winds may reduce the height of the crest by 
tens of centimetres, while low winds are responsible for sand deposition on 
the crest (cf. more details in Chaps. 4 and 14, this volume). The crest is often 
sharp-edged, as in seifs. Blowouts are quite frequent. The active crest is com-
pletely devoid of a biological topsoil crust. Total porosity is about 35%. 
Large pores of 50–100 µm diameter are predominant. Smaller pores, less than 
20 µm, account for 10–15% of the voids. Infiltration rates exceed 60 mm h−1 
and all rainwater, during all rainstorms, infiltrates into the sand. The salt 
content is low and does not change significantly with depth. This unit is poor 
in nutrients.

The crests of the dunes are characterized by a sparse vegetation cover (5–15%) 
dominated by Stipagrostis scoparia, Heliotropium digynum and Cornulaca mono-
cantha, well adapted to burial or exposure of their root system in this very unstable 
and active area (Danin 1996).

The Dune Slopes

The dune slopes extend from the bottom of the active crest to the dune base. 
An important and specific character of the dune slopes in the Agur-Haluza 
sand field is the extensive occurrence of a topsoil crust that plays a very 
important role in the structure and functioning of this sandy ecosystem. The 
topsoil crust is composed of mineral and biological components (see Chap. 10, 
this volume). It is richer in fine-grained particles, organic matter content and 
 nutrients than is the sterile sand. The crust affects the degree of surface stabil-
ity, infiltration, and surface runoff rates and, consequently, is associated with 
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 spatial differences in water resources. The biological elements of the crust are 
mainly cyanobacteria, green algae and fungi (see Chap. 10, this volume). In 
areas where wet conditions prevail, such as at the base of north-facing slopes 
or around shrubs, mosses of the genus Bryum and Brachythecium (Lange et al. 
1992) are also present.

The crust is better developed and more extensive on north- than on south-
facing slopes. The crusted area extends over two thirds of the dune slopes on 
north-facing slopes but is limited to the dune base on south-facing slopes. 
Differences in crust characteristics are more pronounced on the former slopes. 
In the upper part of crusted north-facing slopes, the crust covers 40–60% of the 
area; it is thin, patchy and very friable. Sand deposition on the crust occurs 
during all significant wind storms. The crust here is therefore very rich in sand 
particles, with a pale yellowish-greenish colour, of limited stability and with a 
high infiltration rate. Depth of water infiltration may reach 4–5 m in wet years 
(Yair et al. 1997). Chlorophyll a content is 15–20 mg m−2. The thickness and 
spatial continuity of the crust increase gradually towards the dune base. In the 
lower slope section, the crust is dark- coloured when dry and very greenish 
when wet. It covers up to 90% of the area, is 2–3 mm thick, quite resistant, and 
rich in silt and clay (contents of 20–30%). Chlorophyll a content is 20–40 mg 
m−2. The crust on the south-facing slope is thinner and rich in sand, with a 
chlorophyll content of 15–20 mg m−2 (Kidron and Yair 1997). The soils are 
young and weakly developed. However, secondary calcic precipitation of bio-
genic origin by fungi and bacteria has been observed along roots and borrows 
in the root zone (Amit and Harrison 1995).

The vegetation cover along the crusted north-facing slope is 10–30% but is 
limited to 10–15% on the opposite, south-facing slope. In the active dune sec-
tions, sand mobility and surface instability are major factors determining plant 
species composition (Kadmon and Leschner 1995; Danin 1996). The dominant 
perennial plant species along the stabilized north-facing slopes are Moltkiopsis 
ciliata, Retama raetam, Artemisia monosperma, Convolvulus lanata and Noaea 
mucronata. Characteristic species for mobile south-facing slopes are S. scoparia, 
H. digynum and C. monocantha.

The Dune Base

The base of north-facing slopes is characterized by a narrow belt with dense veg-
etation cover, in local concavities reaching up to 100%. The crust is 2–3 mm thick, 
smooth, and very rich in fine-grained particles (contents up to 45%) and organic 
matter (contents approx. 4–6%). The high density of the vegetation is due to the 
good water regime, which results from water concentration at the dune base by 
three complementary processes: direct rainfall; surface runoff generated over the 
smooth crusted slope, and shallow subsurface flow (see Chap. 18, this volume).
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The crust at the slope base is rich in nutrients derived from the mineral and 
biological components of the crust. Chlorophyll a content is the highest recorded 
in the whole area, reaching 45–60 mg−2. The crust is also rich in mosses, indicative 
of a good water regime (Mazor et al. 1996; Veste and Littman 2006). The perennial 
plant species include A. monosperma, M. ciliata, A. articulata, R. raetam, C. monocantha, 
Thymelaea hirsuta and N. mucronata.

2.2.2 The Interdune Corridor

Interdune corridors, 100–300 m wide, extend between the parallel dune ridges. The 
interdune depressions are composed of two main units: nebkhas and flat playa 
surfaces.

Sandy Nebkhas

Scattered coppice dunes or nebkhas cover most of the area. The relative eleva-
tion of these sand mounds does not exceed 2–3 m. All are covered with shrubs. 
The whole area between the shrubs is covered by a thin cyanobacterial crust with 
a low chlorophyll a content of 15–20 mg m−2, indicative of a dry regime. Runoff 
does occur on the crusted area. However, due to the rugged micro-topography, 
flow distances are short, thereby constraining the very positive effect of increased 
water concentration encountered on the north-facing foot slopes. Water absorp-
tion by the mineral and biological components of the crust, as well as the high 
frequency of rainstorms with low rain amounts reduce the depth of water 
 penetration. Depth of water penetration is limited to 60–90 cm (Yair et al. 
1997). At some places, the sandy cover, a few meters thick, is underlain by 
fined-grained playa sediments. At such sites, local perched water lenses may 
develop in wet years.

Typical perennial shrubs in the interdune depressions include the following 
species: R. reatam, T. hirsuta, M. ciliata, C. lanata, A. articulata and Echiochilon 
fruticosum. The latter four and C. monocantha are often found growing on small 
sandy hills, accumulating sand at their base and thereby forming nebkhas.

Flat Playa Surfaces

Playa sediments (takyrs) are scattered in the interdune depressions. They represent 
fluvial sedimentary surfaces deposited by the Nizzana channel. These depositional 
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events occurred during the late Quaternary when the north-western course of the 
channel was blocked by the eastward-advancing sand ridges (Harrison and Yair 
1998; Chap 1, this volume).

The deposits are characterized by several horizontal sequences of sand–silt 
and clay layers, indicative of sediment deposition in water bodies. The sedi-
ments are well compacted and quite cemented. Rusty mottles at shallow depths 
of 30–40 cm show that anaerobic conditions with stagnant water occur from 
time to time. The sediments are relatively rich in carbonates (up to 30%) and 
saline. At a depth of approx. 40 cm, NaCl is accompanied by CaSO

4
. EC may 

exceed the value of 4 mS cm−1 in the fine-grained layers. The soils have been 
classified as Solonchak and Calcisol by Blume et al. (1995). Due to the com-
pact, fine-grained nature of the sediments, depth of water penetration is limited 
to 40 cm (Yair et al. 1997).

Most of the playa surfaces are devoid of vegetation, except for a few spots where 
sand has accumulated. The dominant plant species of this unit is the xerohalophyte 
A. articulata.

2.3 Geo-Ecology of the Haluza-Agur Sand Field

Several important differences exist between the dunes south of the Nizzana chan-
nel and north of it. The change from south to north is gradual, except for the 
occurrence of playas, which are found only south of the Nizzana channel in the 
interdune corridors. Slope angles and slope lengths decrease from south to north. 
The extent and continuity of the topsoil crust cover increase northwards, where 
active crests are quite limited and some dunes are completely covered by the 
crust. In some interdune corridors, extensive areas are covered by a soil lichen 
crust composed of Fulgensia fulgens, Squamarina sp., Collema tenax and other 
cyano-lichens (see Chap. 10, this volume). The thickness of the crust, its organic 
matter content as well as silt and clay contents increase positively with average 
annual rainfall, resulting in a very stable sandy area. All these properties lead to 
a lower spatial variability in edaphic conditions, in contrast to that encountered 
in the southern Hallamish sandy area. The positive and negative effects of these 
properties along the rainfall gradient will be discussed in detail in Chapter 30 
(this volume).

2.4 Conclusions

This review of geo-ecological units within the sandy study area in the north-west-
ern Negev sand field reveals a great variety of edaphic conditions existing at a local 
scale (from the dune crest into the interdune area) as well as at a regional scale 
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along the rainfall gradient over a distance of 35 km. Many factors contribute to this 
variability. However, this variability may often be explained by the local predomi-
nance of only a single factor. For example, the strong winds, and related surface 
instability, at the crest of the dunes explain the limited establishment of annual and 
perennial plants. Differences in the composition of the biological topsoil crust 
largely control the water regime. Thin cyanobacterial crusts absorb only a limited 
amount of water, generating high runoff rates leading to water concentration at 
nearby down-slope positions. Reverse conditions prevail at sites where the crust is 
thick and rich in mosses and lichens. These elements are able to absorb substantial 
amounts of water. By so doing, they limit the depth of water penetration and water 
availability for higher plants.

The pronounced spatial variability in edaphic conditions explains the rela-
tively high richness of species, despite the arid to extreme arid conditions. The 
great diversity in local niches may be regarded as an indication that this sandy 
ecosystem is quite resilient to climatic changes, due to the fact that local surface 
properties play an important role in the spatial redistribution of water resources. 
At the local scale, these properties are sometimes more important than the abso-
lute rain amount.
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