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HIS REVIEW focuses on the main causes, effects and governmental management practices of

soils in Egypt subjected to degradation threats. Land degradation became a global concern
threatening food security and the ecosystem since it has a significant impact on the environment and
agriculture. The major causes of degradation are alteration in climatic conditions, overgrazing,
salinization, deforestation, depletion of soil organic matter content, desertification, waterlogging,
inappropriate agronomic practices and erosion. It is paramount to reduce these causative factors in
order to adequately manage the situation. The effects of these factors may lead to loss of ecosystem,
biodiversity and agricultural yield/output. We can manage and improve the well-being of our soils in
Egypt through afforestation, managing vegetation cover, soil reclamation, optimizing agricultural
practices (e.g. tillage, irrigation and fertilization), avoidance of crop residues removal and application
of organic matter to the farmland. Additionally, organic farming can be a substitute in keeping our
land safe from degradation. The outstanding features of GIS and remote sensing, which include: field
wide view, inexpensive costs, instantaneous data capturing, and sporadic imagery is now widely
applied in the studies of land degradation due to its timeliness, coverage and efficiency. Future
research in this area of study should empjasis on developing modern soil sensors, which will be
connected with sattalite data, to predict the futute alterations in soil ecosystems and potetials of land
degradation.

Keywords: Sustainable Management; Land Degradation; Agriculture; Environment; GIS and Remote
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1. Introduction

Land degradation (LD) is an environmental process
associated with the decline in productive capacity of
soils as a result of soil erosion and/or any other
alterations in the hydrological, biological, physical
and chemical properties of the soil. Land use
alterations by anthropogenic activities have had
inconsistent impacts on the Earth's surface taking
into consideration that soil is a non-renewable natural
resource (Haregeweyn et al., 2023). Many locations
throughout the world are currently losing their fertile
topsoil due to several natural causes (wind, water,
and climate influences) and anthropogenic activities
(e.g. unsustainable agricultural practises and
intensive tillage that induced erosion) (Heffer and
Prud’homme, 2014; Ferreira et al., 2022). More than
90% of the world's topsoil is threatened by land
degradation, potentially exacerbating negative
consequences such as reduced crop production and a

negative impact on food security as the world's
population grows (Beillouin et al., 2022; Wang,
2022). Negative impacts of land degradation are
numerous, these may include; loss in soil organic
matter content, soil erosion, soil compaction,
desertification, salinization, deforestation (Turner et
al., 2016). Land degradation are associated with
tremendous impacts on land  productivity,
biodiversity, soils flora/fauna that affects human
livelihood (Mohamed et al., 2019; AbdelRahman and
Arafat, 2020; EI-Rawy et al., 2020; AbdelRahman et
al., 2022; AbdelRahman, 2023). Land degradation
due to accelerated and combined effects of
urbanisation (deforestation), inappropriate
agricultural activities (e.g. intensification of land
management practises and overgrazing) has
exacerbated the negative impacts on severe weather
warnings (e.g. high temperature, heat islands and
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dust storms), coastal erosion and drought-induced
salinisation (Moghanm et al., 2020; Molnarova et al.,
2023; Mosa et al., 2023b). Because of the unequal
distribution of global natural resources and huge
regional variances, urbanisation growth produces
serious arable land resource shortages in crucial
locations (Wang, 2022). According to United
Nations Convention to Combat Desertification,
natural causes including drought, a reduction in
vegetation and biological production exacerbate
degradation of land in dryland environment (Stringer,
2008). Land degradation can have a wide range of
consequences for human health. Land is eroding;
constrained agricultural production, shortage of
water bodies, and human beings are compelled to
relocate to vulnerable regions.

As a result, a global approach is required to promote
consciousness on the economic penalties of land
degradation and encourage good management of land
resources. It should provide a comprehensive
approach to examining economics of land
degradation, and making its budget a fundamental
aspect of policy and decision-making approaches by
improving the political and general consciousness on
the wvalue and well-being of land and land
bionetworks. Approximately 30% of all productive
land on earth has degraded due to the aforementioned
processes  during the last few  decades
(AbdelRahman, 2023). Developing countries are
particularly susceptible to land degradation due to the
lack of capital and infrastructural capabilities to deal
with these menaces and apply sustainable land
management practice. Degraded lands also have an
impact on food security universally: universal
agricultural output might decline by 12% over the
next two decades (Thomas et al, 2013).
Consequently, food costs will rise by up to thirty
percent on average as a result of this. The Economy
of Land Degradation Initiative estimated the yearly
cost of land degradation to be €3.4T. LD, combined
with high population growth and an oversupply of
other products of land management i.e biofuels
which causes food scarcity/insecurity, inadequate
clean water, severe weather conditions and high
sensitivity to climate change (Thomas et al., 2013).
A number of problems associated with soil and
natural resources are been confronted by the farmers
in dry farming areas, which prevent agricultural
productivity. Among the problems confronted by
small farm holders is inadequate information on soil
nutrients and favourable land management practices.
Besides, secondary soil salinization showed a
progressive increase in irrigated agriculture systems
due to the intensive utilization of low-quality water
resources. However, in rainfed agricultural systems,
soil degradation and fertility depletion might cause
by other causes (natural sources in particular)
including wind/water erosion and/or rainfall
depletion. With soil as the base for agricultural
production, small farm holders continue to be the
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focus on what they will do to restore the productivity
of soil in long-term period. Hence, there is a need to
encourage the recovery of the already impoverished
agricultural lands and intensify  continuous
production through several management toolkits
including (i) efficient water utilization, (ii) improved
water and nutrient-supply potentials of soil, (iii)
recovery of degraded/salinized farms, (iv) ensuring
appropriate application of agricultural amendments
(e.g. organic amendments and polymers) and (v)
utilization of mulching systems using synthetic
products (plastic mulching films) and agricultural
byproducts (e.g. rice straw, husk, rice bran etc)
(Mosa et al., 2020; El-Naggar et al., 2022a; Tiemann
and Douxchamps, 2023; Yang et al., 2023). As a
result, training programs on land management should
be addressed in Egypt and most African continent to
synthesis a coherent approach for facing land
degradation scenarios. In this form of program,
engaging stakeholders of such programs is crucial.
By so doing, it will assist on improving knowledge
of best practises on farm-scale activities for
combating soil degradation, as well as promoting
awareness on integrated soil management and
sustainable agricultural systems. Furthermore, it will
aid in the diffusion of knowledge with subjects
specifically developed to transmit scientific
knowledge from research laboratory to fields and
field to laboratory. Subsequently, these training
programs will open prospects for the exchange of
thoughts on different issues and communication links
with other stakeholders will be developed. This
review focuses on the causes of

The main aim of this review is to synthesis a
coherent a state-of-the-art review about causes,
implications and sustainable management of soils
located in arid and semi-arid regions (particularly in
Egypt as a representative model) in order develop a
decision making framework to address this challenge
in the future.

2. The concept of land degradation

The idea of land degradation varies in its emphasis.
However, they have substantial repercussions
regardless of the kind of LD. It is estimated to costs
$300 billion (Nkonya et al., 2016; Feng et al., 2022),
and it results in the losses of various ecosystem
services (Pereira, 2020). As mentioned earlier, land
degradation as a complicated phenomenon is caused
by a variety of natural, biological, as well as
chemical components. Soil erosion being a natural
phenomenon, dramatically exacerbated its severity
by anthropogenic activities (Borrelli et al., 2020;
Mosa et al., 2022b; Mortada et al., 2023; Mosa et al.,
2023a). Figure one gives an overview regarding
causes of LD. Increased irrigation is one of the most
critical concerns associated with soil change. In view
of this, salt accumulation in soil matrix due to
intensive utilization of low-quality irrigation
resources is a common problem in irrigated-
agricultural systems in arid and semi-arid regions,
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which translates to long-term decline in soil fertility
and quality indices (Janmaat, 2005).According to
former reports, anthropogenic activities have
damaged to varied degrees 10% of universal total
earth surface (Fenta et al., 2020; AbdelRahman,
2023). Water erosion, wind erosion, chemical erosion
(water saturation and salinity), overgrazing,
deforestation, inappropriate agronomic practices,
land abuse and other illogical events were the main
reasons responsible for damages in these degraded
soils. Land degradation in parched places (i.e dry
sub-humid, semi-arid and arid), is described as
decline in productive capacity of land and loss of
biodiversity resulting from natural or anthropogenic
factors. Land degradation was expected to
moderately affect 30% of irrigated dryland areas,
47% of farmland, and 73% of rangeland
(AbdelRahman, 2023).

Land degradation is part of the components that
destroys the Earth's natural environment and
deteriorates land plantation cover. It contributes
considerably to global biodiversity loss, loss of soil
quality/productivity and reduction in soil organic
matter reserves globally, disrupting terrestrial
biochemical transformation. Atmospheric carbon
dioxide emission is increased resulting from LD by
reducing the number of plants that sequestrate
atmospheric carbon dioxide into their bodies (Xu et
al., 2023). In addition, removal of the plant cover
might cause large overflows of colloidal components
of soil (e.g. fine clay, silt and organic matter) into
water bodies resulting in a reduction in soil fertility.
This may also result in high sandstorms and a low
groundwater recharge through the surface of the
earth and potential of non-point sources pollution.

Soil composition and management influence
agricultural land productivity. Soil comprises
organic, bio-organic and mineral components in a
dynamic natural equilibrium developed over millions
of years of geological time. However, soil

degradation may compromise this balance
(AbdelRahman, 2023). Some approaches
of protecting  soils  from degradation include:

improving water retention in soil (Marczak et al.,
2022), preventing denudation (Saljnikov et al.,
2022), maintaining living organisms in the soil both
those that build up soil and those that releases
nutrients (Singh et al., 2011) and sustaining
permanent soil cultivation (Delgado and Gantzer,
2015).

3. The climate of Egypt

Egypt's climate is influenced by a number of
elements, the most paramount of them are its
geographical location, physical features, surrounding
water bodies, general pressure system and
depressions. Housing and Building Research Centre
(HBRC) reported that, all of the aforementioned
contributed to the division of Egypt into eight
distinct climatic zones (Sayed et al., 2014). The
location of Egypt is in arid zone (the Sahara), with
exception of the north, that falls within the green
temperate zone and have Mediterranean climatic
pattern (Fig. 1), which characterised by hotness and
dryness in period of summer and moderation in
winter period and slight rainfall in the coastal zones.
The climate of Egypt is divided into hot dry summer
and moderate winter seasons: the hot dry summer
that lasts from early May to late October, and the
moderate winter with little rain that lasts from
November to April (AbdelRahman, 2023).
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Fig. 1. An overview of land degradation.
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Table 1. Data of average temperature in Egypt.

Months Average Temperature(°C) Precipitation (mm)
January 194 70
February 20.6 35
March 23.9 20
April 28.3 2
May 32.2 1
June 35.0 0
July 35.0 0
August 35.0 1
September 33.3 1
October 30.0 15
November 25.0 35
December 20.6 55
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Fig. 2. Egypt climatic zones classification HBRC, After (Salem et al., 2016, Hamed et al., 2022,

AbdelRahman, 2023).

4, Status of land in Egypt

Egypt's present agricultural land use is demonstrated
to be one of the most rapidly expanding agricultural
frameworks on the earth. This widespread is a
circumstance in which it is exposed to mini
evolutionary forces, and the shift requires extra
contributions to create the wvegetation, such as
agrochemicals, water system, preparation, and so on.
This has resulted in a justifiable inequality between
land development and management, particularly now
that the small farm holders are majority who cannot
utilise persuasive ways of assistance to safeguard
their farms. National Programme to Combat
Desertification (Unccd, 2005), reported that Egypt
Land degradation process in Egypt refers to the
destruction of the biological productivity of land, that
could lead to conversion of farms or pastures that are
rainfed or irrigated-dependent to a semi-desert;
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has an extensive grazing area estimated at 4M
hectares (9.5M feddans) despite of its developed
topography, which includes 333 hectares (1.4M
feddans) in the Halayeb-Shalateen polygon and 1,309
hectares (5.5M feddans) on the northwest coastal
zone and 619 hectares (2.6M feddans) in different
parts of Sinai Peninsula zone: - northern lands and
valleys, the centre and southwestern Sinai. In terms
of grazing, the present condition of Egypt's
rangelands is quite limited. Almost half of these
lands are categorised as very poor, 35% as fair, and
15% as acceptable.

5. Land degradation in Egypt

consequently, resulting in low productivity
(Mohamed et al., 2019; AbdelRahman, 2023). Egypt
as proclaimed by the United Nation “the world first
desert nation” in the 70s because of the extreme
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circumstances, which characterise the dry area, as it
encompasses around 86 percent of very dry areas and
14 percent of dry areas. Egypt has an estimated total
area of nearly 1M km? (238M feddans) in northeast
Africa in which the populations are concentrated in
an area of approximately 3,333 hectares (14M
feddans) or less than 6 percent of entire region. In
Egypt, the area of farm lands is weighed to be
approximately 1,952 hectares (8.2M feddans) or 3.45
percent the entire region, with 1,357 hectares (5.7M
feddans) of ancient irrigated farms in the
Delta/Valley, 523 hectares (2.2M feddans) of
recovered irrigated farms, and approximately 714
hectares (3M feddans) on the eastern and western
coasts rainfed farming (Abdelhafez et al., 2020). The
United Nations  Convention to  Combat
Desertification, ranked Egypt first worldwide in LD,
that takes place because of the integration of
climatic, human, biological as well as geological
factors that causes the land’s biological and physico-
chemical constituents’ destruction in dry and semi-
dry areas (Unit, 2005). According to Food and
Agriculture Organisation of United Nations (FAO)
publication guidelines of 2010, dry areas have a great
influence on natural biodiversity. Egypt's most
degraded areas are classified into four zones namely:
Eastern desert zone, Western desert zone, Sinai-
peninsula zone and Nile valley and its Delta zone
(Omran and Negm, 2020). Each with its own set of
reasons, the zone suffers from varied degree of
degradation because of soil salinity, rising
groundwater tables, and construction on agricultural
lands (EI-Ramady et al., 2018). Whereas LD in other
areas was naturally caused, flood from water erosion
or strong winds.

Egypt lost approximately 476 hectares (1.9 million
feddans) in the northern and eastern regions of the
delta as a result of soil degradation. Urbanisation,
salinization of agricultural areas, pollution, depletion
of soil nutrients, soil compaction, land erosion and
formation of sand dunes all contribute to the
destruction of approximately 30 thousand acres of
the most important agronomic farm areas each year.
In the valley as well as the delta where irrigation
farming is practiced suffer from the consequences of
irrigation. The improper drainage system caused
groundwater to increase and salts to accumulate in
soil matrix, resulting in reduced soil productivity.
The oasis and western parts of Lake Nasser, Assiut,
Minya and North Sinai are degraded due to sand
dunes, agrochemicals, residues from industries,
waste water effluents and loss of soil nutrients. Other
circumstances, such as salty irrigation water or
critical increase in groundwater volume, worsen the
problems of water and salt accumulation in the lands
(Wang et al., 2016). More so, in the Western part of
Sahara oasis the poor-quality irrigation water and
degradation is becoming alarming, particularly Siwa
Oasis, because of the waste of high quantity of

irrigation water resulting from the absence of
drainage infrastructure.

6. Problems and Pressure on land resources in
Egypt

In Egypt, the main scenario of soil degradation is
related with waterlogging, salinity, surface and
groundwater pollution, deterioration of inundated
areas and soil fragmentation, which reveals the
inadequacy of agricultural land management. In the
same vein, valuable land areas are susceptible to a
variety of pressure and circumstances. This
contributes to exploitation of land as well as the
impediment of economic development, which
guarantees reasonable living standard in the
environment. The tasks that promote soil
deterioration are explained below.

6.1 Urbanization

The encroachment of urbanization on best agronomic
areas is considered among the weightiest degradation
phenomenon since it is a complete and
comprehensive damage of the land's core function in
the production of biomass, which include crops,
clothing raw materials and medicinal raw materials.
For instance, the annual increase in urbanization in
Dakahlia Governorate was approximately 2.54 and
4.01 km? annually during the period from 1984-2002
and 2002-2011, respectively; however, this rate
increased up to 48.00 km? per year during the period
between 2011 and 2014 (Elnaggar et al., 2020).
Cultivated areas in Damietta Governorate showed
also severe degradation due to urban sprawl, fertility
deteriorations  and  salinity/sodicity  hazards
(Elnaggar, 2020).

In another study, satellite data and geographical
information system (GIS) modelling capabilities
pointed to a reduction of about 5.5% in two sites of
Fayoum Governorate (Sinnuris and Gharaq) given
the fast progress of urbanization activities
(Abdelhaleem et al., 2021). Therefore, restricted
laws and special programs should be undertaken in
order to prevent the progressive degradation of
Egypt's soil resources. The law signed in 2005 has
resolved this situation, which reduced the percentage
of intrusion of urbanization against productive farm
lands from roughly 7.14 hectares (30,000 feddans) to
1.19 hectares (5000 feddans). Destroying the heritage
of some touristic locations in Egypt (e.g. El-
Mokattam and Abu Roash) is also a reflection of
progressive growth in urbanization. In view of this,
satellite images interpretation pointed to destruction
and/or damages of many unique objects in these
important places following the fast urbanization
during the period 2000-2017 (1.4 and 3.4 times in
El-Mokattam and Abu Roash, respectively)
(AbdelMaksoud et al., 2018).

Egypt. J. Soil Sci. 63, No. 4 (2023)
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Fig. 3: Main causes of soil degradation.
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6.2 Contamination of arable land

In Egypt, pollution is one among the fundamental
causes of LD, threatening vast sections of productive
fields, human beings and animals due to corrupt land
and water management, as well as human activities
in the villages. For as long Nile River remain the sole
provider of irrigation water in Egypt, pollution will
continue to originate due to the high loads of
pollutants, in addition to recycling water from farm
drainage, which contain different types of
fertiliser/agrochemicals residuals (Abdel-Satar et al.,
2017; El-Naggar et al., 2022b; Mosa et al., 2022a).
Nutrients produce eutrophication of the coastal ocean
and estuarine environment, resulting in "red tides" on
a regular basis and impacting on the soil during
irrigation. The physical extent and adversity of
nutrient pollution have progressively increased
during the last few decades. Agricultural fertilisers
are the primary source of nutrients, and their use has
expanded dramatically during the last 20 years (El-
Ghamry et al., 2021). Another source of pollution in
this area is atmospheric deposition, and while
determining the amount with any precision is
difficult, all studies indicate that it is significant
(such as sulphur oxides, nitrogen oxides, heavy
metals etc) (Li and Daler, 2004; Amodio et al.,2014).
In addition, agriculture is the largest provider of non-
point nitrogen sources, accounting for an estimated
70% of total input to inland surface waters (DEFRA,
2002). According to a recent GIWA in the Black Sea,
agriculture provides 35% of overall eutrophication,
whereas urbanisation 35%, energy production 20%
and transportation contribute 10% (Borysova et al.,
2005).

6.3 Salinization of agricultural land

Salinization is among the utmost prominent
phenomenon of farmland deterioration in Egypt, as a
result of inappropriate irrigation management, which
uses traditional irrigation method with a productivity
of < 60 percent in mainstream of the nations irrigated
farms. The intensive utilization of drainage water
resources that contain high levels of salinity could be
another reason for soil salinization as well. In
addition, there is an intense draw of water from water
intrusion from coastal areas located near the
Mediterranean Sea. Furthermore, the progressive
increase of water table due to the inadequate
irrigation system led to the secondary salinization of
huge areas of cultivated soils. Accordingly, several
reports have suggested that over 30 percent of
Egypt's irrigated areas are salty soil (Hossain et al.,
2020). High exchangeable Na* in sodic soils causes
swelling and/or dispersion of soil colloids, resulting
in soil structure failure. These consequences result in
low water permeability/infiltration, bad aeration,
poor respiration/penetration of root, formation of
hard crust/compacted subsurface layers (Priori,
2021). Soil organic matter is dissolved by high pH in

sodic soils, resulting in organic matter loss. The
growth of plants on sodic soils is bad because of low
physical conditions of the soil, low available mineral
nutrient, uneven nutrient absorption, and harmful
effect of most notably the Na* ion (Gondek, 2020).
According to Jamil et al., (2011), salinity would
destroy more than half of the world's arable land by
2050. The issue of ensuring food security for our
growing population is becoming more worrisome.
This challenge must be tackled in light of shifting
mode of consumption, the effects of climate change
and the degradation of our non-renewable land and
water resources.

6.4 Physical deterioration of the soil

In rural farming community, excessive exploitation
take place due to intensive farming practices, with
the goal of completing the necessary operations, such
as ploughing, control of pest and harvesting under
unfavourable situation in many cases using
unsuitable implements. Consequently, resulting to
collapse of soil structure and the appearance of
plough pans, limiting growth and deepening of plant
roots as well as decreasing agricultural drainage
efficiency, particularly in some areas of the north and
northeast Delta where production is estimated to
have decreased to approximately 8 percent
(Mohamed, 2017).

The application of no-tillage system is an efficient
management system for controlling soil compaction
and improving soil quality characteristics. However,
the intensive cultivation system in most African
countries (Egypt in particular) led to deteriorative
impacts of soil physical properties. The growing
concern of using tillage systems by high machinery
weight equipment caused drastic reduction in
hydraulic conductivity, which eventually led to soil
erosion and sharp decline in crop productivity
(Kayombo and Lal, 1993; Hassan et al., 2022).

6.5 Soil fertility depletion

The practice of intensive agriculture, application of
excessive quantity of irrigation water, absence of
Nile alluvium and high content of mineral nutrients
for vegetation after the construction of high dam and
reducing organic matter percentage, specifically in
recovered areas (constitute approximately 40 percent
of total irrigated farms in Egypt). It was reported
that approximately 15% of such agricultural lands are
rendered unproductive due to deficiency in
nourishing mineral nutrients content as well as entire
fertility depletion (EI-Ghamry et al., 2009; Elnaggar
et al., 2016a; Elnaggar et al., 2016b). There are
several reasons for the sharp decline in soil fertility
including inadequate fertilization programs, intensive
cropping systems, removal of crop residuals, tillage
systems, inappropriate cropping systems, inadequate
irrigation/drainage  systems and soil erosion
(Aleminew and Alemayehu, 2020). Smallholders’

Egypt. J. Soil Sci. 63, No. 4 (2023)
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farmers represent the vast majority of the agriculture
association system in Egypt. They tend to apply high
amounts of mineral fertilizers to compensate the
sharp decline of plant nutrients, which are absorbed
by crops. The intensive utilization of mineral
fertilizers led to increase soil salinity levels and
obstruct the optimal growth of wide range of crops
(Alshaal et al., 2017; Aleminew and Alemayehu,
2020). These negative impacts eventually reflect on
sharp reductions in soil fertility.

6.6 Sand dunes

Sand dunes occur in regions most susceptible to wind
erosion and sedimentation. It was reported that
Aeolian deposits cover approximately 1.6x10° km?,
which represent about 16% of the total surface area
of Egypt (Misak and Draz, 1997). Agricultural
growth and communities, both rural and urban, are
threatened by their actions. Among the constrains of
agricultural development in Sinai (soil reclamation
projects in particular) is the migration of aeolian sand
dunes (approximately 5000 Km? of the coastal zone)
that might also cause severe damage to the
infrastructure (e.g. irrigation and drainage structures,
road network systems) and human settlements. In
view of this, aeolian sands migration caused
longitudinal dunes movement by rates of 2.25 and 13
m y™ in south of Bir EI Abd and Wadi El Gady areas
(Philip et al.)2004). Active dunes are also the most
hazardous, intimidating developments in places like
the Wadi Al Rayan and Fayoum (880 km?), north

Oases (400 km?), the grooves western Beni Swaif,
Assyout, and Minya governorates (350 km?) and
west delta (255 km?) in addition to aforementioned
are the eastern delta and northern Sinai, especially in
some areas near the path of Al Salam canal (Unccd,
2005).

6.7 Soil erosion

Egypt is located in an adversely dry area extending
from North Africa to West Asia. Wind erosion is
regarded among the most serious processes of LD
covering more than 90 percent of land area in eastern
desert, western desert and Sinai in particular. These
locations have a fragile environment, absent
vegetative protection and serious drought. According
to reports, the percentage of wind erosion in Egypt is
approximately 5.5 tonnes per hectare per year in
oases regions of the western desert and 71-100
tonnes per hectare per year in regions of rainfed
farming on the northwest coast with the hazard of
wind erosion in these locations ranging from
moderate to severe (Wassif, 2002). Water erosion in
the north coast, Red Sea, Agaba Gulf, and south
Sinai coasts, as well as some eastern desert valleys, is
considered among the most severe LD in these
regions during rainy seasons, literatures has shown
that water erosion has a low to severe impact on
Egyptian lands (Abu-Hashim et al., 2021). Table 1.
Shows land degradation in some locations in Egypt.
Whereas Table 2. Indicates the loss of arable land
due to the effect of land degradation in Sub-Saharan

western High Dam Lake (800 km?), the El-Kharja Africa (SSA).
Table 2. Land affected by different types of degradation in various locations and their causes.
Location Type of % Land Causes Reference
Degradation affected
El-Fayoum  Salinity, sodification, 39.14 Human activities (Ali and Abdel
waterlogging Kawy, 2013)
North Nile Salinity 8.77 Poor drainage system, (Enar et al., 2021)
Delta Waterlogging 40.67 Intensive agric.
Compaction 31.25
Sodicity 91.17
Damietta Salinity and Sodicity 76.08 Urban sprawl, Poor (Elnaggar, 2020;
drainage, Sea water Mohamed et al.,
intrusion 2019)
Northeast Low Productivity 45.82 (Abdel Kawy and
Nile Delta Ali, 2012)
Siwa oasis Soil salinization, - Rise of soil water level (Elnaggar et al.,
waterlogging 2017)
Sinai Desertification 47.9 Low vegetation cover, soil (Abdelhameed et
Peninsula quality, wind erosion al., 2020)
Assiut Salinity 85 Anthropogenic, Soil Sayed and El-

properties, Climatic factor Desoky, (2019)
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Table 3: Types and extent of land degradation in Sub-Saharan Africa.

Type of Land Salinization Water erosion Wind erosion Deforestation
Degradation
Affected Harsh in Countries in East Djibouti, Hotspots: Togo (-4.5%),
Countries Kenya  Tanzania Africa Botswana, Sudan, Burundi (-5.2%),
(Kenya, Tanzania, Niger, Mali, Zimbabwe (-1.7%)
Ethiopia, South Africa, Comoros (-7%), Uganda
Malawi, Zambia) Eritrea, Chad (-2.2%), Nigeria (-3.3%)
Land 30% -27% 46% 38% 0.7% of yearly change of
Affected woodland area and forest
in south and east Africa
Major Causes Poor water Agric. practices,  Deforestation and Agric. practices,
management Deforestation, Overgrazing Deforestation,

Overgrazing,

Overgrazing,

These reports were extracted from (Kirui and Mirzabaev, 2014)

7. Attempts by Egyptian Government to combat
Land degradation

Because land degradation neutrality (LDN) is a
"Sustainable Development Goal" (SDG),
participating in LDN contributes significantly to the
attainment of multiple SDG targets while also
generating economic and social advantages.

The United Nations General Assembly adopted "The
2030 Agenda for Sustainable Development” in
September 2015, which included 17 Sustainable
SDGs and 169 targets. SDG 15 encourages countries
to restore, maintain and promote sustainable use of
ecosystems, sustainably manage forests, combat
desertification, pause and reverse biodiversity loss as
well as land degradation.

The goal of Target 15.3 is to "combat desertification,
restore degraded land including land affected by
drought/floods, desertification and strive to achieve a
land degradation neutral world" by 2030. The
indicator used to assess success of SDG target 15.3
depends on calculating the percentage of deteriorated
land divided by total land area. As a result, in
October 2015, the nation participants developed
voluntary targets for LDN and include them into
UNCCD National Action Programme (NAPS). In
view of this, Egypt's NAP was adopted in 2005 and
2015.

The Land Degradation Neutrality Target Setting
Programme (LDN TSP) gave an important privilege
for all stakeholders in Egypt to develop a leveraging
plan. LDN target setting is a governmental-led
process headed by the UNCCD. At the national level,
the Ministry of Agriculture and Land Reclamation
assisted with the process is the LDN Target Setting
Programme team from the Global Mechanism and
the UNCCD secretariat.

To develop a national LDN leverage plan, it is
necessary to assess the "LDN TSP" leverage
opportunities, with the top priority to improve the

productivity of approximately 3.0 million feddan
affected by soil salinity and alkalinity and alleviating
the effects of soil erosion on the borders of Nile
valley and delta

Promoting the sustainable use of land resources
necessitates the participation of different segments
and stakeholders in the LDN TSP leverage plan,
including direct stakeholders such as land users,
private service providers, and governmental agencies
at the national and sub-national levels, national and
international research institutes, civil society
organisations (CSOs), and development partners to
provide financial and technical assistance to
stakeholders.

According to the Egyptian Final Country’s Report of
the Land Degradation Neutrality (LND) Target
Setting Programme (TSP), (2018), the LDN TSP has

concluded the following key  strategic
implementation actions/measures:
"1. Establishment of specific LDN related

administration, 2. Establishment of LDN monitoring
systems as targeted in the NAP (National Action
Programme), 3. Obtaining funds through national
ministerial budgets and/or other new mechanisms
such as taxes, penalties, payment for ecosystem
services, 4. Developing clear national awareness on
LDN, 5. Reviewing current legislations and
developing new legislations, especially those
addressing the LDN concept and 6. LDN-related
aspects should be implemented at land degradation
hotspots and be integrated at integral regional land
use planning".

8. Consequences of
agriculture

Land degradation is an ecological phenomenon that

disrupts dry regions and has an impact on the

economic and natural characteristics of agricultural

lands (Barbier and Hochard, 2018). Due to its

Land degradation on
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negative implication on the efficiency of agricultural
production, LD is fundamentally a large global
concern. It also has a negative impact on food and
environmental  security  (Abebaw, 2019). It
showcases  challenging  behaviours  towards
environmental growth, distributing the negative
consequences on socio-economic situations, as well
as agriculture (Toor et al., 2020). Land degradation is
caused by natural or anthropogenic factors that might
lead to a decrease in land productivity (Fig. 3). Land
degradation within production implies a mismatch
among good quality soil land usage (Gupta, 2019;
Wassie, 2020). Approximately half agricultural land
will be damaged from moderate to severe. Land
degradation affects around 1.5bn people worldwide;
15bn  tonnes of soil disappear annually;
approximately 12M per hectare are lost annually
owing to LD; and approximately 6M square

Increasing air
temperature

| Low biediversity

Desertification

Fig. 4. Implications of land degradation.

9. Consequences of Land degradation on the
environment
Land degradation has an effect on climate,
production, the environment, agriculture, and
biodiversity (Touré et al., 2020). It also has an
impact on environmental biophysics by causing
damage to the land through anthropogenic and/or
natural sources. Natural sources include tremors,
water overflow, tidal wave and flood. Additionally,

Egypt. J. Soil Sci. 63, No. 4 (2023)

kilometres of lands are converted to desert. Annually,
around 27000 species are lost owing to land
degradation, roughly 110 countries are possibly at
risk due to deserts, impacted approximately 250M
people and nearly 1bn threatened (Hamdy and Aly).
(Ejersa, 2021) discovered that land degradation leads
to a loss of soil organic matter and fertility, resulting
in a decrease in agricultural yield. Physical LD
within the root zone, according to (Mishra et al.,
2023) and (Saguye, 2017), is the greatest contributor
to productivity loss. The primary causes of increased
erosion include urban development, industrialization,
deforestation, and agriculture. Tillage instruments
used in agriculture destroy topsoil/plants and
promote erosion (Angelsen, 2007).

the majority of anthropogenic activities have a
considerable impact on the environment (Yin et al.,
2019; Mosa et al., 2021; Mosa et al., 2022b; Wang et
al., 2023b). Global estimates of LD revealed that it
severely affects Asia, but the impact on Europe and
Africa are little (Zika and Erb, 2009). Research
conducted earlier indicated that continuous volcanic
activity causes land deterioration and has impacted
the environment significantly (Leroy et al., 2010).
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9.1 Impact on greenhouse gases (GHGSs)

In terms of global CO, land-atmosphere exchange,
cultivation and agricultural management of cultivated
land are important. Agricultural management
practises can increase or decrease carbon losses to
the atmosphere, in addition to the initial pulse of CO,
discharges related with the start of cultivation and
vegetation removal. Although worldwide croplands
are thought to be near neutral in the current decade
(Houghton et al., 2012), this is due to uncertain
equilibrium of coexisting remaining losses and
development. Soil and biomass carbon losses seems
to be replaced by gains through soil renewal and
preservation practises such as cover crops,
conservation tillage, and nutrient replenishment that
favours the build-up of organic matter.

Cover crops which are increasingly utilised to
enhance soils, have the ability to sequester 0.12 GtC
annually on worldwide croplands during a 150-year
period (Poeplau and Don 2015). The implementation
of zero-till practises protects soils from erosion and
reduce land preparation times, also serve as a carbon
sequestration option, which is now considered best
globally (Cheesman et al., 2016; Powlson et al.,
2014). Lime application for acidity correction
becomes increasingly essential in tropical locations
which provides a considerable amount of CO, source
in some soils (Desalegn et al., 2017).

10. Land Degradation Management

The main approach to upgrade quality of soil is good
management of irrigation water (Amer et al., 2020;
Feng et al., 2022). Depending on the nature, extent,
and form of land degradation, numerous strategies
can be used to restore it. The majority of land
degradation types can be recovered by adding
organic matter (animal and plant remains), upgrading
topsoil through soil amendments, regenerating
vegetation using cover crop and green manure (Hurni
et al., 2015). The application of integrated soil
fertility management is a comprehensive set of
management approaches used to regulate and
decrease the impact of land degradation to a bare
minimum (Vanlauwe et al., 2010; Nigussie et al.,
2017; Adem et al., 2023). It can also be used to
upgrade degraded land, increase nutrient intake, soil
fertility, and organic matter dissolution, all of which
contribute to increased biodiversity and soil
microorganism activity (Vanlauwe et al., 2010;
Barrow, 2012; Adem et al., 2023). In addition to
conventional agricultural practise, integrated soil
fertility management can be applied to rehabilitate
degraded land (Henry et al., 2018). Management
measures that include establishment of forest
plantation, organic fertiliser application, devoid crop
residue clearance, crop rotation practises, bush
fallow/shifting cultivation, and control overgrazing
can improve soil nutrients as well as crop productive
capacity (Alemu, 2015). Furthermore, to improve
soil health and sustain agricultural output, immediate

need to transit from native approaches to
sophisticated 3Es (environmental, efficient and
economically acceptable) technologies for land
recovery management to achieve sustainable land
management (Mishra et al., 2023).

10.1 . Sustainable forest management (SFM)
and CO, removal (CDR) techniques

Reducing deforestation and degradation of forest can
directly contribute in meeting the mitigation goals.
The purpose of SFM is to provide fibre, biomass,
non-timber and timber resources to communities for
a long term, eliminate the dangers of converting
forest to non-forest and sustain productivity of the
land, thereby decreasing the dangers of land
degradation

(Rossi et al. 2017; Nitcheu Tchiadje et al. 2016; Sufo
Kankeu et al. 2016).

Evolving SFM approaches to contribute to negative
emissions over the next century necessitates knowing
forest management impacts on ecosystem carbon
stocks (as well as soils), carbon fluxes, carbon sinks
in cut down wood, stored carbon in cut down wood
products, as well as landfills and achieving reduction
in emission by utilizing bioenergy and wood product
(Nabuurs et al. 2007; Lempriere et al. 2013; Kurz et
al. 2016; Law et al. 2018).

The net ecosystem productivity, growth rate of the
forest and net basic production all depends on the age
of the forest, with young to medium-aged forests
having the highest rates of CO, removal (CDR) from
the atmosphere and diminishing subsequently (Tang
et al. 2014). Estimates of carbon stocks and carbon
fluxes in boreal forest ecosystems showed that old
growth stands are often less carbon sinks or carbon
sources (Gao et al. 2018; Taylor et al. 2014; Hadden
and Grelle 2016). Carbon uptake rates in tropical
forests were 11 times higher in the first two decades
of forest regeneration than in old-growth forests
(Poorter et al. 2016).

Because of age-dependent rises in forest carbon
stocks and declines in forest carbon sinks, landscapes
with older forests have more accumulation of carbon
but with diminishing sink strength, whereas
landscapes with younger forests have less
accumulation of carbon but are removing CO, from
the atmosphere at a much faster rate (Volkova et al.
2017; Poorter et al. 2016). CDR rates are influenced
not just by age, but also by a variety of
physicochemical elements and anthropogenic
activities (Bernal et al. 2018). The linkages between
carbon stocks and sinks are essentially tedious and
expensive to quantify in ecosystems with
multispecies and different aged forests.

10.2 . Policy responses to land degradation

The 1992 United Nations Conference on
Environment and Development (UNCED), also
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known as the Rio de Janeiro Earth Summit, identified
land degradation as a foremost challenge to
sustainable development and resulted in the creation
of the UN Convention to Combat Desertification
(UNCCD) that addresses land degradation in the
drylands and UNCCD encourages sustainable
utilization of land in order to integrate environmental
protection with reduction of poverty. The land has
been identified as a concern among the three
conventions, and sustainable land management is
planned as a uniting factor for present universal
efforts to combat climate change, biodiversity loss
and land degradation as well as to facilitate
adaptation of land based sustainable development
and climate change.

The UNCCD introduced LDN at Rio +20 and
adopted it at UNCCD COP12 (UNCCD 2016a).
LDN is described as "a state in which the amount and
quality of land resources required to support
ecosystem functions and services and improve food
security remain stable or increase within specified
temporal and spatial scales and ecosystems" (Cowie
et al. 2018). Pursuit of LDN necessitates effort to
minimise additional net loss of land-based natural
capital relative to a reference baseline. LDN
advocates a dual divided effort involving sustainable
land management to lower the risk of land
degradation, paired with initiatives in land recovery
and reintegration, to sustain the natural land-based
capital and related ecosystem services (Orr et al.
2017; Cowie et al. 2018).

LDN planning entails estimating the expected
cumulative impacts of land use and land management
decisions, next compensating for expected losses
with actions to generate equal gains within specific
types of land. Three major pointers are applied to
know if LDN is reached by 2030 under the UNCCD
LDN framework: soil organic carbon (SOC); land
cover change and net primary productivity (Cowie et
al. 2018; Sims et al. 2019). To achieve LDN,
integrated landscape management is required, which
tries to optimise land use to meet various objectives
(food security, human well-being and health
condition of the ecosystem) (Cohen-Shacham et al.
2016). Avoid > Reduce > Reverse land degradation
is a response hierarchy that articulates the priorities
in developing LDN solutions. Land degradation
neutrality offers motivation for wider acceptance of
sustainable land management and attempts to recover
land. Through its focus, LDN eventually provides
significant promise for mitigating climate change and
adaptation by halting and reversing environmental
degradation and changing land from a carbon source
to a sink.

10.3 . Geographical Information System (GIS)
and remote sensing deployment in Land
degradation

Since soil is considered as the greatest carbon sink on

earth, implementing agriculture that will cope with
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and manage the impacts of climate change is
essential. Furthermore, based on the types of
exposure and contacts individuals have with soil,
soils can either benefit or damage human well-being
(Brevik et al., 2020). Depending on the field soil
study, certain basic facts may be gathered, such as
level of development, forms of spatiotemporal
evolution and reasons of land degradation, that are
important for the associated investigations. Though,
there are considerable restrictions in real-world
implementations due to sluggishness, cost and
irregular nature of traditional field study. Moreover,
certain experiments are hampered by vehicular
inaccessibility and relief of the area (Lobell, 2010).
As a result, frequent collections of soil data in large-
scale are unfriendly and time-consuming. Moreover,
the gathered soil data are nonetheless scanty and
inadequate around us (Goldshleger et al., 2010).
Presently, with the advancement of land degradation
associated researches, high-resolution, reliable, and
current soil data is increasingly becoming important
(Shoshany et al., 2013). Evaluating soil quality
effectively is significantly difficult for pedologists in
general  (particularly  for soil  degradation).
Proliferation of technologies for planet observation
has gained ground since the sixties, providing
extraordinary data and methodologies for discovering
important details for diverse land utilizations (Liang
and Wang, 2019).

Food and Agriculture Organization (FAO) data
shows that, >30 percent global land resources have
been degraded (UN Environment Programme
(Latham et al., 2014). Soil deterioration in arid and
semi-arid zones is more serious worldwide. To
essentially prevent these situations from worsening,
significant efforts to research the process of soil
deterioration and restore soil function. In essence, the
integration of physical, chemical, and biological
features drives the creation of soil processes and the
restoration of its functions (Pereira et al., 2017).
Remote Sensing (RS) technology, meets these needs
by identifying and detailing the temporal features of
land degradation, forecasting the spread of
deteriorated lands/soil quality spatial
unpredictability, and sensing natural/changes due to
human-activities at individual globally levels.
Remote sensing under the umbrella of planet
observation development, gives an alternate view for
evaluating soil deterioration (White, 2005). It can be
a viable substitute to field study, especially on a
significant quantity. Remotely sensed satellite
imagery with high-spatiotemporal and spectral-
resolution are now available, due to recent changes in
tomography and planet monitoring/observation
(Zhou et al., 2020). RS related with the traditional
field soil study, the aforementioned outperforms the
latter in several ways, including: field wide view,
efficiency, inexpensive, instantaneous data capturing,
and sporadic imagery (Liang and Wang, 2019; Wang
et al., 2019). Knowing the spatiotemporal benefits of
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imageries remotely sensed over the few decades, the
technology has increasingly shown a vital
performance in the investigation of land degradation
(Bai et al., 2008; Sepuru and Dube, 2018; Dragovi¢
and Vulevi¢, 2020).

Topical is the breakthroughs in algorithm
achievement, as well as the expansion of cloud-based
computing and large storage size, have substantially
expanded the application potential of remote sensing
for land degradation investigations (Fu et al., 2021).
By means of all of these advancements,
investigations on the issue of land deterioration
impacts and monitoring have tremendously increased
(Sepuru and Dube, 2018; Zweifel et al., 2019;
Akinyemi et al., 2021). Consequently, literature
showed intensive publications/reports on land
degradation studies employing RS data currently
(Shoshany et al., 2013; Ferreira et al., 2022).

GIS and remote sensing technologies are a strong
and profitable mechanism for evaluating spatial
distribution, land cover dynamics and investigate
land degradation due to its efficiency, wide-scope
and time saving. Currently, it is used to study
different sources of land degradation (Dewan and
Yamaguchi, 2009; Wang et al., 2023a). According to
(El Baroudy and Moghanm, 2014), they used GIS
and remote sensing to assess the risk of land
degradation in some soils north of Nile Delta.
Authors discovered that salinity, sodicity and
waterlogging are the most common degradation
risks. (Abuzaid, 2018) also used the technology to
assess soil degradation on flood plains at the north
east Nile delta. He discovered that slightly affected
soils by degradation hazard represented about 47.8%
of the total area, whereas 26.1% of the area were
moderately affected and the rest of the area were
strongly affected.

Conclusion

The consequences of Land degradation on livelihood,
farming and the environment are enormous. This
menace could be initiated by natural and/or
anthropogenic factors such as climatic changes,
water logging, erosion, salinization, deforestation,
overgrazing, desertification, soil compaction and
depletion of organic matter. Eventually, leads to
decline in the quality of the soil physical, chemical
and biological properties. Therefore, it is pertinent to
decrease the quantity of losses due to degradation
and that can be addressed through afforestation,
vegetation cover, land reclamation, avoidance of
total crop residues removal and integrated
application of organic and inorganic fertiliser to the
land. In this review valuable information at local
level (Egypt) and at sub-Saharan Africa has been
presented evaluating the status, types and distribution
of land degradation in Egypt and in sub-Saharan
Africa. The process of land degradation is
complicated and differs from one location to another.
Hence, the surveillance of the processes of

degradation through application of GIS and remote
sensing tools is regarded effective to understand the
spatial-temporal features of land degradation for food
security and sustainable land management
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