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This paper has tried to review and discuss the characteristics, constraints and potentials and feasible 
management options of dryland ecosystems based on different authors’ point of views. Because 
dryland ecosystems are diverse in terms of climate, soils, vegetation, animals, and people’s activities, 
there is no practical characterization or definition of drylands that can be made. Drylands zones of the 
world have different features, constraints, and potentials like other ecosystems of the world. Certain 
features and constraints that drylands can be explained are aridity, climate, drought, soils, water, 
biodiversity, and in terms of socioeconomic. The overriding feature of dryland climates is the low 
average rainfall and the variability in rainfall patterns. Droughts are a normal feature of drylands. Soil 
salinity is the major constraint in drylands especially in the closed basins due to lack of surface water 
outflow. However, despite the fact that lots of authors wrote the desperate characteristics and 
constraints of drylands, there were many scholars that disclosed and advocated as dryland ecosystems 
had immense potentials that have been contributing for the present development of the world, and as 
they would be the future destiny and promising part of the globe too especially in the era of solar 
energy. Moreover, the fact that the current living organisms in drylands are living in line with the 
changing climate, it will be the promising ecosystem that could come up with many adaptive organisms 
to mitigate the changing climate. And therefore, the necessary due attentions shall be given to dryland 
ecosystems so as to maximize and exploit the present and future potentials.  
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INTRODUCTION 
 
Drylands, and their global extents 
 
Drylands are defined by UNEP (1991) as those lands that 
have a precipitation (P) over potential evapotranspiration 
(PET) ratio of less than 0.65. This ratio is referred to as 
aridity index and is used to classify drylands as hyper-
arid (ratio less than 0.05), arid (0.05 to 0.20), semi-arid 
(0.20 to 0.50)  and  dry  sub-humid  areas  (0.50 to  0.65).   
Drylands cover approximately 41% of the continental land 
area. Two-thirds of the drylands are in Africa and Asia. 
According to UNEP (1991), out of 41% Africa occupies 
13.1%, Asia (13%), Australia (4.4%), Europe (2.0%),  
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North America (4.9%), and South America (3.6%) in 
million Hectares. However, there is no universally 
accepted definition of drylands nor agreement on the 
delineation of the boundaries of dryland areas. The 
reason that Drylands are diverse in terms of climate, 
soils, vegetation, animals, and people’s activities, there is 
no practical characterization or definition of drylands that 
can be made. One binding feature of  all  drylands  in  the  
world, however, is aridity (Hassan and Degne, 1997). 

Arid regions are characterized by the precipitation that, 
most of the time, is insufficient to replenish losses of soil 
moisture by evaporation, transpiration, and other 
mechanisms. Many factors including solar radiation, 
temperature, humidity, wind, topography, vegetation 
affect soil moisture losses. Precipitation in arid regions 
usually is highly variable and, consequently, is unreliable.  
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This characteristic is often as important as, or even more 
important than, the small average amounts; it introduces 
an element of chance in the use of arid lands that must 
be considered in realistic planning. The sparse 
cloudiness that is typical of arid regions allows nearly 
maximum solar radiation to reach the earth’s surface. If 
the moisture is available, the high radiant energy causes 
high evaporation rates (McGhee, 1963). 

According to FAO (1989b), one-half of the world’s 
countries have portions or all of their land in dryland 
environments, including hyper arid, arid, or semi arid 
zones. These lands and their sub-humid margins account 
for 45 million km

2
, or approximately one-third of the 

earth’s surface. It is here where land and environmental 
degradation is developing at an alarming rate and 
threatening the livelihood of 850 million inhabitants. Large 
areas of drylands located in North and South America, 
North Africa, the Sahelian region, Africa south of the 
equator, the Near East, and Asia and the Pacific. 

According to Ffolliot et al. (1995), extremely dry to dry 
climates are found between the latitudes of 50º N and 50º 
S, a broad geographical band within which a wide range 
of extreme summer and winter temperatures occur, 
including hot summers and mild winters, hot summers 
and cold winters, and cool summers and cool winters. 
Hyperarid zones are located in Saharan Africa, northern 
and southeastern Saudi Arabia, Ethiopia, and Namibia. 
Arid and semiarid zones are more widespread, although 
there is a tendency for them to be found toward the 
western edges of the tropical and subtropical areas of 
continental masses, a feature that is marked particularly 
in southern Africa, the Americas, the Indian subcontinent, 
and, to some extent, Australia. In line with this, McGhee 
(1963), reported that at about 30º latitude either north or 
south of the equator occurs a belt of light winds or calms. 
Here the air is generally descending and dry. Most of the 
great deserts of the world lie in these latitudes. 

The arid regions of the world are often very extensive, 
but in the tropics it is common, even on a small island, to 
find arid regions not far from regions of abundant rainfall. 
Some of the larger arid regions are: North America (Much 
of Western USA and the Sonora Desert), Central 
America (The Pacific Coast), South America (The 
Atacama Desert and The Serrano of Brazil), Australia 
(The Central Deserts), Africa (The Sahara Desert, The 
Sahel, The Kalahari Desert and East Africa), Asia (The 
Middle East, The Indian or Thar Desert, The Namub 
Desert, The Karakum Desert and The Gobi Desert) 
(Creswell and Martin, 1998). 

According to the report of Dobie (2001), the earth's 
surface comprises 8% hyper-arid desert, 12% arid, 18% 
Semi-arid, 10% Dry sub-humid and 18% cold drylands.  
As the percentages of the earth's population living in the 
drylands also, arid zones comprises (4%),   semi-arid 
(16%), and   dry sub-humid (18%). 

Dryland ecosystems are found on all continents in both 
the northern and southern hemispheres, and are home to  

 
 
 
 
about one quarter of the earth’s population. They cover a 
variety of terrestrial biomes which are extremely hetero-
geneous with wide variations in topography, climatic, 
geological and biological conditions. Dryland countries 
include, but are not limited to, India, Afghanistan, 
Pakistan, Iran, Syria, China, Argentina, Brazil, Mexico, 
Peru, Chile, Australia, the United States, Canada, 
Uzbekistan, Kazakhstan and much of Sub-Saharan Africa 
(SBSTTA, 1999). 

Despite the fact that, the existed weather and climatic 
condition is not blessing for the condusive survival of 
mankind and other living organisms, different authors e.g. 
Hayes (1991) and Anderson et al. (2004) wrote that 
drylands have profound potentials. Drylands and their 
people have still-unrealised potentials for development: 
Adaptive skills, including capacities for intensifying the 
use of natural resources, for developing diversified 
livelihoods, and for contributing knowledge and skills (e.g. 
in the extensive management of grazing resources). 
Drylands contain significant untapped resources that 
could aid in development. These resources include: solar 
radiation for crop production, solar and wind energy; 
mineral and gas/oil, and, in certain areas, untapped 
surface water or groundwater. Many drylands have 
significant nonagricultural land use options (e.g. tourism; 
wildlife, non-timber forest products), and others allow for 
high-intensity agricultural production (e.g. high value 
crops). In many cases such land-use options have 
proven to be important drivers in national economies. 
 
 
FEATURES OF DRYLAND ECOSYSTEMS 
 
Aridity 
 
The principal causes of aridity are large scale and 
persistent. Climates are affected also by such factors as 
the locations and sizes of the continents. The wind belts 
controls much of the climate, and determine the major 
wet and dry areas, of the world. Places in the belts of 
descending air, in the lee of the mountain chains, and 
near cold ocean currents, all are likely to have arid 
conditions. On the margins of these areas, considerable 
variation in the amount of precipitation occurs from year 
to year. These are wet period and dry periods. These 
periods follow irregular changes in the atmospheric 
circulation of the earth. In some years, area will be 
favored with unusually large share of moisture-laden 
winds. Rain will fall, and crops will thrive.  In  other  years,  
the winds are dry, and crops perish (McGhee, 1963). 

Aridity can be expressed in a number of ways as a 
function of rainfall and temperature. One representation 
of aridity is the index used by the United Nations 
Educational, Scientific, Cultural Organization ( UNESCO), 
expressed as the ratio of average annual precipitation(P) 
to average potential evapotranspiratiuon(PET), the latter 
calculated  by  Penman’s  method,  taking  into  account  



   

                                                                                                               

 

 
 
 
 
atmosphere, humidity, solar radiation, and wind ( Baumer 
and Salem,  1985). 

According to Ffolliot et al. (1995), hyper arid, arid and 
semi arid zones of drylands have different characterstic 
features. The hyper arid zones comprise regions with 
sparse annual and perennial vegetation and scattered 
shrubs. True nomadic pastoralism frequently practiced. 
Annual rainfall is low, rarely exceeding 100m. Rains are 
infrequent and irregular, with sometimes no rain for 
several years. Arid zones are characterized by 
pastoralism and little farming, except where irrigation is 
possible. Vegetation typically is sparse, comprised of 
annual and perennial grasses, other herbaceous plants, 
shrubs, and small trees. Rainfall variability is high; with 
annual amounts ranging between 100 and 300mm. 
Semiarid zones often can support rainfed-sustained 
levels of agricultural production. Sedentary livestock 
production occurs. Native vegetation includes a variability 
of grasses and glasslike plants, forbs and half-shrubs, 
and shrubs and trees. Annual rainfall varies from 300 to 
800mm, depending upon the relative occurrences of 
summer and winter rains. 
 
 
Climate 

 

Dryland environments are characterized by inadequate, 
variable rainfall. Some of these environments have 
excessive heat, while others are cold, dry areas. 
However, contrasts in climate occur, such as in Tibet and 
Mongolia. Three major types of climate, Mediterranean, 
tropical, and continental, are found in the drylands of the 
world. Rainy seasons in a Mediterranean climate, as 
exists in Rabat, Morocco, for example, are in autumn and 
winter. Summers are not with no rains, while winter 
temperatures are relatively mild. Rainfall occurs during 
the summer in Sennar, Sudan, an area typical of a 
Tropical climate. The greater the distance from the 
equator, the shorter the rainy season. Winters are long 
and dry. In a continental climate, rainfall is distributed 
evenly throughout the year, although there is a tendency 
toward greater summer rainfall (Ffolliot et al., 1995). 

According to Commission on Climate Change and 
Development (CCCD) (2008), arid regions are expected 
to undergo significant climate changes, but there is 
considerable variability and uncertainty in these 
estimates between different scenarios. The complexities 
of precipitation changes, vegetation–climate feedbacks 
and direct physiological effects of CO2 on vegetation 
present     particular    challenges   for    climate    change 
modelling of arid regions. Great uncertainties exist in the 
prediction of arid ecosystem responses to elevated CO2 
and global warming. Learning from the historic record of 
drylands has been assessed as a guide to what is likely 
to happen in the future. However, although palaeodata 
provide valuable information about possible past changes 
in the vegetation–climate system, it is unlikely that the 
history of the world’s deserts is a key for their future. 
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Droughts 

 
According to UNSO (1992), although not unique to 
dryland environments, the occurrences and effects of 
droughts in dryland regions require special attention. A 
drought is a departure from average or normal conditions, 
in which shortage of water adversely impacts ecosystem 
functioning and the resident populations of people. 
Droughts are characterized by shortages of water, and 
usually shortages of food for the people and forage for 
livestock, which can lead to unplanned use of agricultural 
and natural resources. If contingency planning is not 
undertaken to meet these shortages, serious degradation 
of land and resources can result.  

Drought is particularly true of drylands, which are 
occupied by some of the most ecologically and politically 
marginalized populations on the globe. In the drylands, 
the most limiting natural resource is water, and therefore 
an extended disruption in rainfall can trigger a crisis, and 
sometimes even famine on a catastrophic scale, as in the 
early 1970s and 80s in Africa. Drought is a normal part of 
climate and is characteristic of the drier areas of the 
globe occupied by some 40% of the world's population. It 
can be thought of as an 'extreme' climatic event, an 
extended period of unusually low rainfall. Climate 
modelling exercises indicate that the average level of 
rainfall in many dry areas will decrease even further 
(Patrick, 2003). 
 
 
Soils 

 

Soils in the dry land regions of the world range from 
sandy, shallow, low-fertility soils to highly productive, 
medium to fine textured, deep soils, but the majority of 
dry land soils have serious problems. Soil characteristics 
are strongly influenced by the climate in which soils 
develop, and the interactions of these characteristics with 
current climatic conditions are a major consideration in 
understanding the productivity of dry land soils 
(Rajakumar et al., 2007). 

Of primary importance for soils in the drylands are the 
water-holding capacity and ability to supply nutrients. Soil 
depth largely governs the amount of water that can be 
held in a soil profile. However, the depth of soils in 
drylands often is limited by a “hardpan” layer, restricting 
water-holding capacities. These hardpans, consisting of 
various materials depending upon the  actions  of  climate 
and vegetation on parent rock, can be more or less 
continuous and occur between 5 and 60 cm below the 
surface. Soils are characterized by the leaching of 
nutrients and intensive weathering of minerals. Natural 
soil fertility, therefore, is low. Because little accumulation 
of organic litter in dryland environments, organic matter 
content of the spoil is low. This limited organic matter is 
lost quickly when soils are cultivated for agricultural crop 
production (Kassas, 2002; Ffolliot et al., 1995 ). 

Dryland soils have several  characteristics  in  common,  
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but exhibit major differences between hyper arid and dry 
sub-humid regions. Their common properties include 
relatively low fertility (principally associated with low 
organic matter), alkaline, calcium carbonate in the 
subsoil, sandy or gravely in uplands, and clayey in 
depressions (Hassan Degne, 1997). 

Soil Salinization is a problem in closed basins of 
dryland areas because the lack of surface water outflow 
allows salts to accumulate. Human impacts also 
contribute to salinization, which affects an estimated 25 
to 30% of irrigated land. Other soil problems such as 
surface soil hardening, compaction by tillage implements, 
susceptibility to water and wind erosion, low fertility, 
shallowness, stoniness, and restricted drainage (Kassas, 
2002). 
 
 
Water resources 

 
Most of the water that is available to people living in the 
drylands is found in large rivers that originate in areas of 
higher elevation. These rivers include the Colorado in the 
western United States, the Nile in the Sudan and Egypt, 
and the Tigris, Indus, Ganges, Senegal, and Niger. Local, 
but often limited, underwater resources also are available 
to help support development of relatively small areas 
(Ffolliot et al., 1995). 

Recharge of groundwater resources in an area is 
dependent largely upon the amount, intensity, and 
duration of the rainfall and also soil properties, the latter 
including infiltration capacities and water-holding 
characteristics of the soil, which also influence the 
amount of surface runoff. Much of the rainfall is lost by 
evapotranspiratiuon, and, as a result, groundwater is 
recharged only locally by seepage through the soil profile. 
Surface runoff events, soil moisture storage, and the 
groundwater recharge generally are more variable and 
less reliable than in more temperate regions. 
Groundwater frequently is used at rates that exceed 
recharge (Armitage, 1987). 

Many arid zone hydrological problems are to a larger 
extent problems of salinity. It is unfortunately the case 
that the arid zones of the world are very often those in 
which the unfavorable climatic conditions, insufficient and 
seasonal rainfall, are aggravated by the fact that the 
underground waters when found are often too saline to 
be of use. The relations of fresh water to saline waters in  
arid areas are highly variable; saline waters may overlie 
fresh waters, or fresh waters may overlie saline when 
downward-percolating rain water comes to rest on inland 
or coastal saline waters; again, in coastal areas the 
relations between fresh and saline waters may be much 
complicated by the over-pumping of the fresh waters 
(Dixey and Shaw, 1961).  

Drylands have only 8% of the world’s renewable water 
supply, coupled with the precipitation is low and variable. 
Freshwater availability in drylands  is  projected  to  drop  

 
 
 
 
below 1,300 m3/capita/yr, which is below the threshold of 
2,000 m3 required for human wellbeing sustainable 
development (Ghosn, 2006; CCCD, 2008)). 
 
 
Biodiversity 
 
Compared with tropical forests, biodiversity in drylands 
exhibits diversity within ecosystems rather than within 
species. Indigenous plants and animals living in arid 
regions have adapted themselves in a number of ways to 
the harsh climate and frequent drought conditions. As a 
consequence, dryland ecosystems tend to be quite stable 
over long periods of time, but plant and animal 
populations may vary greatly in number and mass from 
season to season and year to year, due to local weather 
fluctuations. Human impacts, such as deforestation and 
other forms of vegetation disturbance, can degrade the 
productive capacity of resources and cause irreversible 
damage. Cultivation is one of the most common and 
extreme human interventions and inevitably destroys the 
natural ecosystem it replaces; however, it does not 
necessarily undermine the long-term productivity of the 
land (Hassan and Degne, 1997). 

Water is absolutely necessary for all plant and animal 
life. Plants have evolved that are capable of living and 
reproducing in semi arid, arid, and even desert regions. 
However, as aridity increases, fewer and fewer species 
are adapted, and the potential biomass is reduced. Plants 
are adapted to aridity by several mechanisms. There are 
plants with a short life cycle that can germinate, grow, 
and produce during a very short period of available 
moisture. There are plants with deep or extensive root 
systems which have the ability to gather water over a 
wide area. There are plants which store up water in their 
tissues and release it very slowly. There are plants that 
are protected from water loss by wax or other 
impediments. There are plants with very small or narrow 
leaves, thus reducing water loss. There are plants in 
which the tissues themselves can withstand much 
desiccation without dying. Crop plants in arid regions may 
have any or a combination of such mechanisms 
(Creswell and Martin, 1998). 

Three plant forms, ephemeral annuals, succulent 
perennials, and nonsucculent perennials are found in 
dryland environments. Ephemeral annuals, which appear 
after rains, complete their short life  cycle  during  a  short 
season (± 8 weeks). Ephemerals are small in size, have 
shallow roots, and, at times, form relatively dense stands 
and provide some forage. Succulent perennials store 
water, largely through the enlargement of parenchyma 
tissue and their low rates of transpiration, which then is 
consumed in periods of drought. Cacti are typical 
succulent perennials (Went, 1955).   

According to the report of Ghosn (2006), the 
biodiversity of drylands are under threatening conditions 
due   to   multiple   and   complex  factors  including   over  



   

                                                                                                               

 

 
 
 
 
exploitation of resources, inadequate water management, 
inappropriate agricultural practices result in vegetation 
cover loss and soil erosion ( due to inappropriate tillage, 
grazing, excessive use of artificial fertilizers, etc); 
invasive alien plant/ animal species, habitat conversion 
(for cropland and other developmental needs), under-
development, poverty, poor education,  energy industry 
operations particularly in oil/ gas producing countries, 
shift in economic structures, intensive development, 
changes in fire regimes,  overhunting of wildlife and 
climate change. 
 
 
Land use and farming system 
 
There frequently is no clear distinction between a farmer 
and a nomad, as the people living on marginal lands take 
into account the local limitations and adopt whatever land 
use is suitable. However, the delicate balance achieved 
by the traditional forms of land use is easily upset. A 
general deterioration of grazing lands in dryland 
ecosystems is an example of this. A main cause of 
degradation, often referred to as desertification, is 
overpopulation of people and animals, particularly in the 
semiarid regions, where agricultural crop production and 
pastoralism become competitive, rather than 
complementary, forms of land use (Ffolliot et al., 1995). 

Traditionally, human populations in drylands have 
devised and adopted sustainable methods to manage 
resources and minimize risk to livelihoods under 
conditions of high variability and uncertainty. Pastoralists 
became mobile and diversified their livestock holdings; 
farmers undertook shifting cultivation and used more 
drought resistant seeds; and communities adopted 
population control measures (Hassan and Degne, 1997). 

Water that falls in arid regions may be of little use for 
crop plants because the amount is too small to penetrate 
the soil sufficiently, or it may run through a porous soil too 
quickly, or it may run off too quickly. Furthermore, weedy 
species may be so adept at utilizing scarce water that 
they rob the water from crops. On the other hand, some 
soils can store water so efficiently that is possible to grow 
crops in such soils over an extensive period of drought. 
Water from rivers, lakes and wells in arid regions may 
have problems of quality, especially the presence of 
excess minerals. The use of irrigation water might lead to 
the accumulation of salts in the soil resulting in alkalinity 
or salinity, which might then limit crop production. The 
removal of salt from the soil is very difficult. In all arid 
regions a major challenge is to manage water 
appropriately. The purpose of such management is to 
obtain water, to conserve it, to use it efficiently, and to 
avoid damage to the soil (Creswell and Martin, 1998). 

Dry land farming is a risky enterprise at best. Although 
a major constraint to dry land agriculture is deficient 
water, hazards such as insects, diseases, hail, high 
winds, and intensive rains can  destroy  crops  in a matter  
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of minutes or days. Making matters even more hazar-
dous, farmers in dry land regions are often resource-poor 
and these regions are usually of low priority when 
national resources are allocated. Even when there is a 
knowledge base available for planning and managing 
crop and livestock systems in dry land regions, the most 
difficult task is to develop strategies that package 
technology, necessary infrastructure, and social and 
economic components together. Perhaps the toughest 
challenge for both farmers and governments will be to 
separate measures that is important from those that are 
expedient (Rajakumar et al., 2007). 
 
 
People  
 
Approximately 20% of the world’s population lives in 
dryland environments. Almost 75% live in semiarid 
zones, 25% in arid zones, and only 1% in hyper arid 
zones. In general, the population densities are less than 
1/km

2
 in hyper arid zone, below 5/km

2
  in the arid zone, 

and about 10/km
2
 in the semiarid zone. The population in 

dryland regions is 72% agricultural, 7% animal-based and 
21% urban. Increasing populations of people moving into 
the commonly encountered spreading slums of urban 
areas is a major demographical feature of the drylands 
(FAO, 1989a). 

Out of over 2 billion people live in dryland areas of the 
world, greater than 90% of it live in developing countries. 
Many dryland dwellers have the lowest levels of human 
well-being, lowest per capita GDP and highest infant 
mortality rates recorded anywhere. Yet human popu-
lations in drylands experienced the highest growth rate in 
the 1990s. These two factors have led to the drylands 
hosting over half of the world’s poor. Population growth 
projections for drylands are being confounded by socio-
economic and health problems, like HIV/AIDS. Rapid 
demographic changes - increases or decreases - make 
planning resource management more problematic. 
Migrating populations can be a source of additional 
pressure on dryland environments and resource manage-
ment within them when livestock temporarily concentrate 
at key resources such as water points. Under these 
circumstances conflicts over water often arise between 
nomads and farmers. A transition between migration as a 
temporary livelihood strategy to permanent migration 
creates additional pressure on drylands (CCCD, 2008). 

People living in drylands are arranged roughly into 
nomadic, seminomadic, transhumant, and sedentary 
populations. Nomadic people are found in pastoral 
groups that depend upon livestock for subsistence and, 
whenever possible, farming as a supplement. Following 
the irregular distribution of rainfall, they migrate in search 
of pastures and water for their animals. Seminomadic 
people also people are found in pastoral groups that 
depend largely upon livestock and practice agricultural 
cultivation at a base camp, where  they  return for varying  
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periods of time. Transhumant populations combine 
farming and livestock raising during favorable seasons 
but seasonally migrate along regular routes when grazing 
diminishes in the farming area. Sedentary farmers 
practice rainfed or irrigated agriculture. Dryland people 
have engineered pastoral and farming systems, which 
are adapted to these uncertain and unreliable 
environmental conditions and have sustained the 
livelihoods of dryland people for centuries (Medina and 
Huber, 1992; Ffolliot et al., 1995). 
 
 
CONSTRAINTS OF DRYLAND ECOSYSTEMS 
 
Environmental constraints 
 
Land degradation, desertification, drought and 
poverty 
 
The United Nations Environment Program (UNEP) has 
estimated that 35 million km

2
 of the dryland regions of the 

world, an area approximately the size of both North and 
South America, are affected by desertification. Nearly 20 
million km

2
 of this area has been classified as being 

subjected to “high” and “very high” desertification risk. 
Equally important is the fact that 30,000km

2
 are reduced 

to a state of “uselessness” every year, a loss that is 
expected to continue into the future unless remedial 
actions are taken(FAO, 1989b). Approximately 10-20% of 
world drylands are degraded (Ghosn, 2006). 

Desertification means land degradation in arid, semi-
arid, and dry sub-humid areas resulting from various 
factors, including climatic variations and human activities 
(CCD Secretariat, 1997). Land degradation is a principal 
constraint in achieving production levels that might meet 
the world food needs. A major factor contributing to land 
degradation is soil and water salinization particularly in 
the arid regions of the world. Soil salinization reduces 
land productivity; prevents plant growth and biological 
activity of microorganisms; accelerates wind erosion; 
destroys wildlife habitats; pollutes freshwater bodies; and 
causes desertification. About one tenth of the surface of 
the world is covered by different kinds of salt-affected 
soils, the majority of which are saline. Salt affected soils 
are particularly widespread in dry areas, where 
secondary salinization has been the cause. Secondary 
salinization   develops  as  a  result  of   human   activities 
(Meshkat, 2005). 

Worldwide, one billion people in 110 nations earn 
directly their livelihoods in drylands. Nearly all of these 
people, and the drylands on which they depend, are at 
constant risk from land degradation/desertification, which 
can be the result of climate change or natural 
phenomena but is more likely to arise from human activity 
(Laudazi and Lambrou, 2003). 

There are many factors that trigger desertification, 
including the effect of drought and climate change, fragile  

 
 
 
 
soils and geological erosion, livestock pressures, nutrient 
mining, growing populations, inadequate/ambigious 
property and tenure rights, landnessness and an 
equitable distribution of assets, poor infrastructure and 
market access, neglect by policy makers and agricultural 
and environmental research systems, and the failure of 
markets to reward the supply of environmental services( 
Akimaliev, 2005). 

Desertification and poverty are closely and directly 
linked to each other. While desertification can lead to 
famine, malnutrition, under-nourishment, epidemics, 
economic and social instability and migrations, these can, 
in turn, cause or increase desertification. In addition, 
poverty contributes to land degradation in drylands by 
inducing poor women and men to exploit the natural 
resource base in an unsustainable manner. Degradation 
then lowers productivity and incomes, thereby increasing 
poverty and further exacerbating pressure on the natural 
resource base (Laudazi and Lambrou, 2003). 

Unlike desertification, drought is a natural phenomenon 
in arid regions of the world. Traditionally dryland people 
learned to live with droughts, and once drought was over, 
sustainable productivity resumed. Yet currently, when 
humans expose the dryland to desertification risks, and 
subsequent drought is likely to make these risks 
materialize, such that when the drought is over, 
predrought productivity is not restored, and desertification 
prevails. Global Climate Change is predicted to increase 
the frequency of droughts, what will shorten the between-
drought periods critical for productivity restoration. 
Furthermore, desertification exacerbates climate change, 
since the loss of soil and of biological productivity impairs 
the drylands' high potential for carbon sequestration. 
Thus, the downward spiral of desertification is 
accelerated by the feedback relationships with climate 
change (Safriel, 2005). 
 
 
Salinity 
 
According to Warnick (2006), salinity in dryland could 
impair lots of adverse impacts including the quality of 
potable water, and the growth and yield of plants.  
According to his report, water moves into plant roots by a 
process known as osmosis, which is controlled by the 
relative level of salts in the soil water and the water 
contained in the plant. If the level of salts in the soil water  
is too high, water may flow from the plant roots back into 
the soil. This results in dehydration of the plant causing 
yield decline or even death of the plant. Crop yield losses 
may occur even though the effects of salinity may not be 
obvious. The salt tolerance of a specific crop depends on 
its ability to extract water from salinised soils. 

Some ions (particularly chloride) are toxic to plants and 
as the concentration of these ions increases, the plant is 
poisoned and dies. The most significant impact of dryland 
salinity is the salinisation of  previously  fresh  rivers. This  



   

                                                                                                               

 

 
 
 
 
adversely affects the quality of water for drinking and 
irrigation — with serious economic, social and 
environmental consequences for both rural and urban 
communities. High levels of salts may impart an 
objectionable taste to drinking water. Chloride in 
particular has a low taste threshold. Sodium sulfate and 
magnesium sulfate levels in drinking water may produce 
a laxative effect and reduce the suitability of a water 
supply for grazing animals.  

Williams et al. (2002) also reported that as dryland 
salinity could have adverse impacts on the ecological 
health of rivers and streams, soil erosion and biodiversity. 
According to his report, salt interacts with in-stream biota, 
changing the ecological health of steams and rivers. The 
greatest threat to biodiversity is from the loss of habitat — 
both on land and in water. Riparian zones are particularly 
at risk as they occupy the lowest parts of the landscape 
where much of the saline groundwater is released to the 
surface. Salts also help fine matter (eg suspended clay 
particles) to coalesce, allowing more sunlight to penetrate 
rivers. This, in turn, may lead to more blue-green algae 
blooms if suitable environmental conditions are available. 
Dryland salinity is closely linked to other soil degradation 
issues including soil erosion. Salinity is often associated 
with prolonged wetness and lack of surface cover and 
therefore increases the vulnerability of soils to erosion. 
 
 
Socio-economic and cultural challenges 
 

Land tenure   

 

The other constraint as it is being seen in most drylands 
of the world is land tenure rights. Because mobility and 
management of common pool resources were not 
addressed in official rangeland management systems, 
herders of the drylands could not and cannot secure 
formal rights to pastures and resources. In the Djerma 
region of SW Niger for example, Fulani agropastoralists 
do not have land rights despite 40 years of cultivation, 
because herding is still not recognized as a legitimate 
form of land use relative to farming. Pastoral lands are 
usually vested in the state, which allocates and defines 
use rights, and penalizes transgressions. This creates 
considerable uncertainty for pastoralists (Mwangi and 
Dohrn, 2005).  

Land ownership patterns in many parts of the world 
drylands are based on cultural inheritance  traditions  and 
often provide for equal division of agricultural land among 
heirs. This often results in dividing land into long strips or 
in small blocks. With small land parcels, use of modern 
machinery is much more difficult. Often the land division 
occurs up and down slope, making it difficult to use 
sound soil and water conservation practices such as 
terracing, contouring and other methods of cross-slope 
farming (Rajakumar et al., 2007). 

Land and resources linked to it form a critical part of 
many  communities’ life  lines. Lack  of  access  to  these  
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resources can lead to the decimation of the affected 
communities. This is especially the case where the 
communities’ life is linked to a particular ecosystem as is 
mostly the case in the drylands. In a situation where the 
rights of the entire community are under threat, the 
weaker actors ordinarily hold the shorter end of the stick 
in so far as access to, control over and ownership of 
resources is concerned. Land tenure systems that 
impose unequal access to and control of resources for 
marginal populations can contribute to the degradation of 
dryland areas where the owners and controllers are not 
the managers of the land. Effective secure access to land 
resources on the other hand can provide an incentive for 
land users to invest in sustainable land use practices. 
Land degradation and desertification lead to loss of 
livelihoods especially for vulnerable dryland dwellers. 
These are problems in themselves but may also be 
manifestations of deeper structural social and economic 
problems, including land pressure, lack of access to land, 
poorly defined land tenure regimes and poorly managed 
land reform efforts (Mbote, 2005). 

On the occasion of the World Day to Combat 
Desertification that is celebrated on June 17, 2008, 
organisations representing or supporting traditional 
mobile livestock keepers caution that the livelihoods of 
millions of dryland dwellers could be threatened by 
indiscriminate conversion of so-called “wastelands” into 
bio-fuel plantations. Some 193 nations have signed the 
UN Convention on Combating Desertification (UNCCD), 
committing themselves to supporting sustainable land 
use in drylands and providing its inhabitants with 
adequate livelihoods. However, plans to utilize drylands 
for the large-scale cultivation of bio-fuel, such as 
Jatropha (Jatropha curcas), are likely to undermine this 
pledge. Promoters of Jatropha maintain that producing 
this plant does not compete with food production, since it 
grows only in areas which are not suited for the 
cultivation of food crops. But such statements totally 
ignore the fact that these very “wastelands” form the main 
resource base for mobile  livestock keepers (pastoralists) 
whose herds convert the natural and drought- adapted 
vegetation of drylands into food, energy, and 
manure(Rollefson et al., 2008). 
 
 

Investment 
 

According to (Marples, 1986), one of the critical problems 
of drylands is low level of investment. The dryland 
regions of the world, in general, suffer from a vicious 
cycle of low productivity, low levels of investment, and, as 
a result, poverty. Investments, apart from those made for 
irrigated agricultural production, are relatively low. In The 
World Bank assistance projects in eastern and southern 
Africa in the middle 1980s, for example, interventions in 
the areas that were rainfed, with less than 900mm of 
rainfall, received only 15% of a total of $ 374 million in 
loans. Irrigated  areas, in  contrast, received  26%  of  the  
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loans, and areas with 900mm or more of rainfall received 
42%. Private investments by farmer also is minimal, 
largely because of the higher risk that is associated with 
erratic rainfall. This lack of investment has exacerbated 
the gap in agricultural related productivity between the 
rainfed drylands and irrigated and wetter rainfed areas. 

There is low level of investment in the drylands of the 
world despite the fact that the investment requirement in 
producing the productive natural resource assets of 
drylands are high. Dryland development requires 
investment in improving resource conditions on farms so 
that they can support higher productivity and lower the 
risk agricultural activity. Examples include small scale 
irrigation, rain water harvesting at plot and landscape 
scales, soil improvements to increase water-holding 
capacity, establishment of water resistant perennial 
vegetation that not only produces cash crops or livestock 
feed, but also serves for wind protection, erosion control 
and waterway protection. Efforts are most effective when 
designed through participatory landscape planning with 
local people, to build on local priorities and innovations 
for water and land improvement (Mbote, 2005). 
 
 
POTENTIALS OF DRYLAND ECOSYSTEMS 
 
The world’s history was rooted in the drylands of the 
world especially in deserts. The earliest civilizations, 
three of the world’s major religions, and several of 
history’s most successful armies, were born in deserts. 
But in recent decades, deserts have drawn more inter-
national attention for their failures than their successes. 
Declining agricultural production in the face of mounting 
populations have led to widespread malnutrition, and 
starvation (Hayes, 1991). 

However, Mwangi and Dohrn (2005) reported that, 
despite the fact that the contribution of drylands and their 
populations to national and global economies and values 
are understated, their potentials for livestock develop-
ment, wildlife and tourism, mining, solar and wind energy, 
etc. are clearly recognized. Historically, drylands have 
been the living basis for mankind. The first humans 
originated in the savannah grasslands of eastern and 
southern Africa. The origins of many of the earth’s most 
important food crops are found in drylands. For example, 
maize, beans, tomato and potatoes originate from the 
drylands of Mexico,  Peru,  Bolivia  and  Chile.  Millet  and 
sorghum, and various species of wheat and rice come 
from the African drylands. The Mediterranean basin has 
given the world date palm and olive trees. And drylands 
continue to provide new food, as traditional food products 
are increasingly becoming commercialized globally in the 
age of health-consciousness (e.g. wild millet, wild rice, 
etc.) (Medina and Huber, 1992). 

Drylands have an immense scientific, economic and 
social value. They are the habitat and source of livelihood 
for   about   one  quarter  of  the  earth’s  population. It  is  

 
 
 
 
estimated that these ecosystems cover one third of the 
earth total land surface and about half of this area is in 
economically productive use as range or agricultural land 
(CCD Secretariat, 1997). 

Dryland species and ecosystems have developed 
unique strategies to cope with low and sporadic rainfall. 
They are highly resilient and recover quickly from 
prevailing disturbances such as fires, herbivore pressure 
and drought. These attributes have great significance for 
the global system, especially in the context of climate 
change (Medina and Huber, 1992). 

Industrial development in arid and semi-arid areas of 
the world has historically been associated with mining 
activities. Drylands seem to have accumulated large 
deposits of minerals and salts which have been 
preserved by the natural aridity and whose locations are 
relatively easily discovered. Drylands do have many 
advantages for industrial development. For example, land 
is readily available at a low price and the mild winters 
could possibly ease construction costs. Industries may be 
able to easily and safely dispose of their waste products 
by simple evaporation of industrial effluents which in 
other areas could contaminate surface or groundwater. 
Low air humidities are often useful and solar energy 
could be utilized for drying processes resulting in 
considerable reduction of energy costs (Jawetz, 1991). 

According to the report of Schufle (1963), the arid 
regions of United States certainly contain their full share 
of fossil fuels, reserves of nuclear energy minerals, and 
other energy sources (like wind and geothermal energy) 
in addition to their obviously vast potential reserve of 
solar energy.  Mineral resources are likely to be distri-
buted as randomly in arid regions as they are elsewhere. 
The minerals that are the most characteristic of arid 
regions are saline deposits, sometimes called as 
evaporites, because their precipitation from concentrated 
solution caused by evaporation. Rock salt, gypsum, and 
anhydrite are the most common. Limestone and dolomite 
are also dominant, though they are not considered to be 
evaporites. However, it should be noted that, with the 
exception of certain deposits of saline minerals, the 
mineral resources of the Western United States are not 
directly related in origin to the present arid environments. 
Rather, they stem from the complex, highly varied 
conditions of the geologic past. 

According to the report of Hayes (1991), drylands of the 
globe especially the Middle east and North Africa  regions 
hold some comparative advantages in a solar-powered 
era. And would be remained the large exporters of 
energy, even after their oils runs out. Sunlight delivers 
about three times sunlight per acre each year in North 
Africa than in Northern Europe. Seasonal variation in 
Egypt is about 40 percent; in Stockholm the variation 
from December to June is about 3, 000 percent. These 
regions tend to have huge expanses of uninhabited, 
unutilized land due to the flocking of people to the cities. 
Even if large tracts  were set  aside  from  preservation in  



   

                                                                                                               

 

 
 
 
 
their natural state, much land remains for solar collection. 
Some of the collected energy could be exported directly 
as energy. For example, photovoltaic generated elec-
tricity could be sent long distances with virtually no losses 
along superconducting transmission lines. Chemical fuels 
produced photochemically, or thermal processes, or 
harvested as complex hydrocarbons from desert plants, 
could be exported in tankers that currently haul oil. 
Photovoltaic or photoelectrochemical devices could 
dissociate water to produce hydrogen that could be 
transported in gas pipelines. 

According to the report of Trumper (2008), plant 
biomass per unit area of drylands is very low (about 6 
kilograms per square meter) compared with many 
terrestrial ecosystems (about 10-18 kilograms). But large 
surface area of dryland gives carbon sequestration a 
global significant. In particular, total dryland soil organic 
carbon reserves comprises 27% of the global soil organic 
carbon reserves. The soil properties, such as the che-
mical composition of soil organic matter and the matrix it 
is held, determine the different capacities of the land to 
act as a store for carbon that has direct implications for 
capturing greenhouse gases. The fact that many of the 
dryland soils have been degraded means that they are 
currently far from saturated with carbon and their 
potential to sequester carbon may be very higher. 

Dryland areas have a particular suitability to organic 
farming. His research report disclosed as the Soil and 
climate conditions in India's drylands make them parti-
cularly well suited to organic agriculture. These marginal 
lands, with their marginal soils, tend not to respond well 
to intensive farming practices. They are actually better 
suited to low-input farming systems that make ample use 
of biodiversity. In turn, organic farming, with its central 
focus on maintaining and improving soil health, its 
avoidance of pollutants, and its reliance on local inputs 
and labor, can materially advance the economic and 
ecological health both of the drylands and of the people 
who live there (Sharma ,2005). 

According to the report of Shankar et al. (2000), 
drylands of the world have immense potential in folk 
medicine. Old civilizations in drylands, like everywhere 
else, care for medicinal plants because they have built up 
generations of tried and tested curative methods and 
products. In India, for example, 4 671 plant species are 
used in folk medicine. Although not unique to drylands, it 
is a remarkable fact that the use of medicinal  plants  is  a 
living tradition of dryland rural people. In addition to the 
"professional" healers, countless of millions of women 
and elders have invaluable knowledge of herbal home-
remedies, and food and nutrition.  

According to Anderson et al. (2004), the potential 
contribution of dryland people to local, national and 
international economies is very profoundly. According to 
the report, contrary to widely held perceptions, dryland 
people make a major contribution to national, regional 
and   international   economies.  In  many  countries (e.g.  
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Mauritania, Botswana), the whole population lives in 
dryland environments. In many others (e.g. Senegal, 
Tanzania), the national economy depends heavily on a 
dryland sector. Where drylands are a smaller proportion 
of the national territory (e.g. Nigeria ), they are 
nevertheless integral to the national economy through the 
circulation of labour, skills, financial capital and food 
commodities. These exchanges extend to the regional 
and international level, bringing human resources to 
centres of economic development and returning capital 
investment to the drylands. Dryland people have 
mobilised natural and human resources on a large scale 
to produce agricultural, livestock, woodland, wildlife and 
other products. 

Drylands have immense potentials in that, they support 
the livelihood of over 2 B. (1/3 world population) in over 
110 countries., the fact that 70% of Africa depends 
directly on drylands biodiversity for their daily livelihoods, 
the fact that drylands have great biological value and are 
home to many world’s food crops and livestock 
(rangelands support about 50% of the world’s livestock), 
the fact that drylands possess vital oil/gas resources that 
provide the world’s current and strategic energy supplies, 
and the reason that they embody highly diverse cultures 
and are associated in human memory with the history of 
religions (Ghosn, 2006 ; Anderson et al., 2004). 
 
 
DRYLAND RESOURCES MANAGEMENT 
 
In order to circumvent the prevailing constraints and 
maximize the productive potentials of drylands, lots of 
authors and concerning institutions wrote different 
potential and feasible traditional and modern dryland 
management practices and approaches. According to the 
report of Jama and Zeila (2005), agroforestry is one of 
the most important management practices to address 
problems in drylands. According to them, agroforestry 
can contribute to the evolution of sustainable land use in 
drylands. This is possible because in the first place 
agroforestry as a concept was mooted, and evolved, with 
core concerns about ecological and economic 
sustainability – resilience of environment, diversity of 
income. It is a system that blends production (food and 
income security at household- and community-level) with 
ecosystem services. Dryland Agroforestry is aimed at 
increasing diversity of options available for mitigating  the 
impacts of changing ecological circumstances and 
worsening economic environments, and is more stable 
than, for instance, mono-cropping or livestock rearing 
alone. It is an option that results in better usage of 
available energy and monetary resources, better usage 
of available moisture, nutrients and space. There are also 
other added advantages such as cleaner waters in rivers 
and lakes, an effect that results from the water 
purification potential of some trees. This can be useful in 
sewerage  systems   of   municipalities   that   suffer  from 
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sewerage disposal problems. 

One of the most important factors to consider in 
planning and management of dryland resources is the 
rainfall intensity and variability. Because the soils of 
dryland environments often cannot absorb all of the rain 
that falls in intensive storms, water is frequently lost in 
runoff and seepage processes. At the opposite extreme 
of the spectrum, the water from a rainfall of low intensity 
can be lost through evaporation and evapotranspiration 
when the rain falls on a dry soil surface. Rainfall intensity 
also relates to the risk of soil erosion. Individual raindrops 
carry enough energy capable of removing topsoil upon 
impact, causing splash erosion, which can degrade or 
destroy the soil structure over time (Raddad, 2006). 
Water harvesting systems involving the collection and 
storage of rainfall until the collected water can be 
beneficially utilized have been used to provide water for 
livestock production, forestry activities, or agricultural 
cropping for over 4,000 years in many dryland regions of 
the world. Interest in this technology continues to the 
present. Likewise, water spreading is a proven method of 
distributing intermittent water flows onto a landscape to 
enhance forage and crop production. Water harvesting 
and water spreading methodologies are used to both 
increase water supplies and productivity of the land that 
reduces the pressures of overgrazing by livestock, 
deforestation, and improper agricultural cultivation 
(Ffolliott et al., 2002). 

Rehabilitation of dryland forests has high potential 
value considering the effective soil and water con-
servation benefits including erosion control, the promising 
production and marketing of non-wood forest products 
such as bee products and gums, the essential function 
for biodiversity conservation and related ecotourism 
development, the increasingly important social and 
recreational value in a quickly urbanizing society, and the 
role for micro- and mesoclimate stabilization. 
Rehabilitation areas contribute to a good deal of the 
households annual income, but also have an opportunity 
cost, it is the economic loss in other activities such as 
grazing, due to area closure. Therefore, understanding 
the social and economic system is the start of successful 
rehabilitation. People are part of the solution, but in case 
of neglection, the keystone to failure. Rehabilitation 
success will depend on clear land tenure, well defined 
and guaranteed property rights for land and trees (e.g. by 
sharing    the   benefits    of     commercial     plantations), 
community participation and responsabilisation, and 
trade-off exercises taking into account the opportunity 
cost of grazing and other alternative land uses. (Muys et 

al., 2006). 
According to the report of Adeel (2003), developing 

integrated approaches is critical to minimizing land 
degradation and related societal and economical impacts 
in drylands. There is a need to promote actions to build 
and strengthen existing institutional capacities so that 
national-,   regional-  and   basin-level   agencies   can  

 
 
 
 
effectively address and integrate cross-sectoral aspects. 
But defining such integrated approaches is a complex 
task, and the outcome varies depending on the region. 
To develop a general framework for such integrated 
approaches, the four dimensions of the problem must be 
considered that is, technical dimensions, human 
dimensions, economic dimensions, and natural resource 
dimensions. 
 
 
CONCLUSIONS  
 
As this paper tried to highlight from different authors and 
literatures point of views,  even though there is no a 
universally accepted definition and delineation of 
drylands, all authors will be agreed on that drylands are 
the hotspot parts of the globe with huge mass of lands, 
peoples, cultures and other resources holdings. Besides, 
even if that their prevailing natural and human induced 
features and constraints made them marginal lands 
especially for the living conditions of organisms including 
for the human populations, they are lands that provide 
mankind’s needs and wants at large at all scales of 
national, regional and international levels. Undoubtly, 
they will be the future destiny especially at times that we 
end up with the reserved oil/gas resources, as they are 
reserving ample solar energy. Moreover, the fact that the 
presently living organisms in drylands are living in line 
with the changing climate, it will be the lands that could 
come up with many adaptive organisms there by 
mitigating the changing climate. 

However, due to the fact that drylands are not 
conducive for predicted living and survival of living 
organisms, they have been receiving less attention in lots 
of conservation and development efforts. And thus, there 
should better and comprehensive plans and 
commitments from all walks of life and institutions, so that 
we can effectively mitigate the prevailing constraints 
awhile utilizing the available potentials on sustainable 
basis. To do so, there should be better streamlining 
among concerned organizations/sectors on dryland, 
implementation of conventions to combat desertification 
and drought need to be translated into action, furthering 
advocacy efforts on the good images of drylands, better 
education and awareness creations, developing 
development strategy that can involve harnessing dryland 
sunlight in providing  commercial  energy,  and  furthering 
financial support to drylands are very paramount. 
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