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Executive Summary
The present study is composed of three parts. Part I provides the introduction which contains an
overview the Sudan characteristics the biological, physical, social and legal conditions. Information
based on previous work has been collected from published literature, policies, laws, action plans and
initiatives. In addition, use is made of previous inventories, remote sensing images and consultancies
which facilitated understanding of the status of land and water management practices. Sudan is the
largest country in Africa with an area approximately (188.8) million hectares geographically located
under dry land conditions. Sudan is faced with multiple stresses resulting from changes in
environmental conditions.
Sustainable management of the natural resources in Sudan is conceived as a commitment and
strategic approach to facilitate environmental protection and fulfillment of local and national
objectives including self-sufficiency in food, forest products, and conservation of biodiversity. Sudan
ratified the international environmental conventions early 1990s and has since participated in many
initiatives with regard to combating desertification; conserving bio-diversity and climate change
mitigation and adaptation. A major initiative is embraced in the Great Green Wall for the Sahel and
Sahara (GGWSSI) that extends between from Senegal to Djibouti involving eleven countries including
Sudan.
The major objectives of the initiative and conventions are to help Sudan to approach interventions that
effectively rehabilitate degraded lands. Their concepts have well been perceived and clearly been
reflected in the Sudan Sustainable Natural Resource Management Project (SSNRMP). The project is
led by FNC in collaboration with the Wildlife (MENRPD), Range and Pasture Administration and
Livestock Resources to be implemented in three states (Kassala, Gezira and White Nile). The selection
of priority areas and project design are based on criteria accepted by the stakeholders.
The project is expected to lead to sustainable management of land, water and vegetation in an
integrated approach. The system contributes in sustainable land and water management and
increasing forest and range stocks. To reach to these goals, the study developed a comprehensive
review of the present situation to provide an analysis of the current circumstances with regard to
institutional arrangements, structure, mandate and cross-sector coordination that is relevant for
implementation of a coherent and successful Strategy. The study indicates the conflicting practices of
agriculture, forestry, range and wildlife management and in general the failure in managing the land
and the natural resources in a sustainable approach in spite of the sound policies and legal
frameworks of the different components of land use and the political promises. The major reason is
that the political support is differential, more oriented to agricultural support than other land use
types.
Policies are sector oriented in spite of the comprehensiveness of the constitution and the National
Comprehensive Strategies (1992 – 2002 and 2003 – 2007). The economy of Sudan is
predominately agricultural including cropping, livestock production and forestry which together fall
close to 50 % of the Gross Domestic Product. Fluctuations in agricultural growth are caused primarily
by vulnerability of the production systems to prevailing climatic variability and decreasing rain
amount and lack of integration.
The Sudan is rich in forests and other natural resources of importance at local, national and global
because of the support they provide for the economy. The forestry sector contributes about 15% to
GDP and would be much higher if deforestation and forest degradation caused by agriculture
expansion and illegal harvesting of wood are controlled.
Forests, nature reserves and range conservation and reservation are perceived as a good practice
for development and sustainable management of the land and water. Sudan developed considerable
experience and capacity in forestry and natural resources development and management. Efficient
mapping and classification are providing good practice in forest resource assessment and detailed
management plans preparation.
These experiences helped in assessment of the extent of forests and plant cover and evaluation of
deforestation and forests degradation within large tracts of forest reserves and forests outside
reserves in the different zones and in the project sites under study. It should be noted that the forests
and plant resources, whether natural or plantations, managed or un-managed, exhibit wide variation
9

in cover in different climatic zones. This is a major factor that resulted in different extent of
deforestation and forest degradation and land losses.
Water used in Sudan is derived almost exclusively from rainwater and the surface water resources
brought by the Nile and tributaries. Ground water in the major parts of dry lands are limited and
used in limited areas for agricultural cropping and very limited ground water is used for tree and
fodder planting.
The success in the management prescriptions for implementation of the SSNRMP will be based on
support provided by technical capacity and effective communication to mainstream the programme
into national development goals. Options for priority investment within the process of the
implementation of the project will rest on Agriculture, forestry, range, wildlife and water resources
development and sustainable management involving relevant stakeholders within each option. The
bulk of activities may rest on the shoulders of the forestry sector of which the FNC is a key institute but
collaboration and coordination would be important in order to lead to integrated implementation
towards sustainable management of the resources.
Part II provides detailed baseline survey information about each of the three sites of the project. In
each site reconnaissance survey, and sample areas were visited and detailed data collected and
used with remote sensing images to provide results on the various aspects including location,
biophysical description, soil, climate, land cover, water resources, land use and population. This was
done for Talkok, East Gezira and Um-Rimta areas. Results are presented in detailed maps for each
aspect to constitute the baseline results to facilitate understanding of the present information and
practices as a base for the actions to be exposed in integrated approach. Efficient technologies of
remote sensing application that facilitated reliable details have been obtained on all the aspects
related to land and water management and are becoming available in figures, table and plates.
Part III constitutes the action plan for integrated sustainable management of the water and the land
provided in two approaches. The first approach covers the concepts of land and water management
for the three sites in an analytical approach indicating the gaps of integration. The second approach
is a processing to bring integration in place. The integration approach concentrated on how it should
be from the start at the institutional level to develop integrated understanding and prepare plans to
be acceptable by the institutes and coordinated through human and institutions collaboration. The
process of integration would then be brought at the site level where implementation is to be
performed in an integrated approach. Demonstrational functions are indicated in plates to show
examples of how integration is to be put in action.
The activities in an integrated approach will be based on building the capacity of stakeholder at
institutional and community levels. Capacity building will accordingly take different approaches
including participation in workshops and meetings at local and institutional levels. Intensive
consultation and contacts are needed to increase the awareness of the institutions to be involved in
preparation and implementation of short term and annual plans.
A holistic approach in reviewing the policies and legislative framework is necessary in order to design
a national and comprehensive strategy and build the capacity of concerned institutions and
organizations to understand the integration of management planning from the institutional level to
implementation at the site level. The policy and legal frameworks are enabling factors for putting
actions of land, water and resource management according to the requirements of the national
commitment for development. Hence compatibility between the different components of the policy
and legislation makes it possible for sustainable management of the resources while on the other
hand, contradictions and conflicts between these components will lead to mismanagement of the
resources and disturbance of sustainable management.
There will be some challenges expected to face the implementation process during the attempts to
achieve sustainable and effective management of the ecosystems and related natural resources.
These will be resolved through polices, plans, laws and strategies that are in existence to address the
challenges and fill gaps.
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Recommendations are provided to help in pursuit of the objectives of sustainable management and
use of the natural ecosystem resources. It has been realized that sector policies that currently drive
execution of the various sector programmes in the area often not formulated or implemented in
harmony whether with one another or with the principles of sustainable development. The challenge is
how to implement agricultural plans which support the conservation of forests, wildlife, livestock and
range resources. The problems necessitate an urgent and quick review and streamlining of existing
policies as part of integrated strategy and policy and to perform integrated planning towards
sustainable management of the resources in order to address existing shortfalls in the management of
the natural resources and enhance sustainable implementation of the project.
Shared vision has been analyzed and highlighted to link the institutions and communities in an
integrated thinking and planning. The vision is aiming at addressing land and water management in
an integrated and sustainable approach. Within this context the SSNRMP is supported by
international organizations, national institutions, local authorities and communities to implement a
sustainable system of integrated activities.
The present project titled the Sudan Sustainable Natural Resources Management (SSNRMP) has been
conceptually perceived to cover priority areas contained in Talkok (Kassala) East Gezira (Gezira)
and Um-Rimta (White Nile) and target the concept of integrated resource management.
A log frame is presented to show the projects programme and the expected outcome.
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1. Introduction
The Sudan (Figure 1) is the largest country in Africa with a total area of 188.8 million hectares. The Sudan‟s
population, according to 2008 census, amounted to 33,419,625 people. The most salient geographical feature is the
River Nile basin that traverses the country from south to north. The Nile is composed of two main; the White Nile that
originates in the Equatorial Lakes and the Blue Nile that descends from the Ethiopian Highlands. The two rivers unite in
Khartoum to form the River Nile that runs to the Mediterranean Sea. The river Nile constitutes a special site,
characterized by high potentials of waters of special importance to Sudan. It is an enabling feature for agriculture and
natural resources development.

Figure 1. Map of Sudan at present

The arable agricultural land is approximately 75 million hectares representing approximately 40% of the total land area.
The cultivated land at present approximates (28%) 21 million hectares. The livestock population is estimated at 120
million heads. However, there is alarming decline in agricultural productivity, huge reduction in the range resources and
forests cover.
The climate of Sudan varies from dry desert (≥ 100 mm/annum of rainfall) in the northern parts, to semi-arid (100 – 300
mm/annum) to savannah (300 – 700 mm/annum rainfall) in south. High temperatures and high radiation produce high
atmospheric demand for moisture. The ecosystem classification and the vegetation distribution closely follow the
isohyets that run across the country from west to east. The effect of topographical changes and soil variation on
vegetation zones is much less pronounced than that of rainfall levels. However, a southeasterly shift of isohyets has
been reported to occur (ILO 1984; Elsiddig 2007) and may be associated with migration of tree, hábitats and human. In
view of the low rainfall levels and high temperatures and the consequent high evapo-transpiration most parts of the
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country are considered arid. The climatic characteristics make land use at vulnerable situation resulting in risks and in
production forecasts.

The vegetation consists of annual grasses and scattered bush steppe and short trees in the north gradually merging in
savannas with perennial grasses and scattered trees and open woodlands.
Sudan is faced with multiple stresses resulting from changes in environmental conditions aggravated by factors
including political and social conflicts, poverty, ecosystem degradation and limited access to capital, markets,
infrastructure and technology which render conditions under dry lands fragile with limited options for resilience to
adverse environmental changes. Land degradation is a major change that affected people livelihoods and their food
security in food production.
The economy of Sudan is predominately agricultural including cropping, livestock production forestry and wildlife
resources which together contribute to the Gross Domestic Product. Irrigated and traditional rain fed agriculture;
forestry and pastoral activities are the most important land use systems and employs nearly 80% of the workforce.
Along the Nile and tributaries cultivation depends on irrigation constituting 10% of the agricultural land use (Grove,
1998). Agriculture provides the national food requirements and constitutes 80% of non-oil exports.
Fluctuations in agricultural growth are caused primarily by vulnerability of production to climatic variability and
declining productivity in the rain fed sector. These problems create bottleneck with regards to agricultural development
and may require some political and technical interventions to remove their impacts on sustainable land and water use
and production system.
Forestry in Sudan is closely linked with animal husbandry, rain-fed agriculture and village or urban life and thus
assumes significant supportive functions. Trees and shrubs play a crucial role in the Sudanese economy and livelihoods
and income generation (Elsiddig et al. 2007). The contribution of forestry to the national energy supply is estimated to
account for 71% of the total energy consumed in the country. Non-wood as honey, beeswax, fruits, fibres and nuts are
contributing in livelihoods.

Sustainable management of the natural resources in Sudan is conceived as a strategic approach to facilitate
environmental protection and fulfillment of local and national objectives including self-sufficiency in food, forest
products, combating desert encroachment, conserving biodiversity, improving agricultural productivity, reversing the
declining trends of natural systems and contributing to carbon sink.
Sudan recognized the problem of land degradation early during the twentieth century. Recurrent drought and climate
change are threatening the dry land zones and the livelihoods throughout these zones. Climate change is reflected in
isohyets shift in the south westerly direction resulting in land degradation, increasing dry conditions and losses in
agricultural lands leading to declining crop yield.

The international and regional concern about drought and climate change is well recognized but provided limited
support contained in some projects implemented with specific objectives which can provide some success experience.
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Sudan has participated in many initiatives with regard to dry land issues such as conserving bio-diversity and climate
change mitigation and adaptation.

1.1 Present Circumstances
In light of the increasing land degradation and recurrent droughts many initiatives have been developed, within the
Sudan and taken into account by concerned international and regional organizations, aiming at rehabilitation of
degraded lands through Sustainable Water and Land management. A major initiative is embraced in the Great Green
Wall in Sudan. The vision of a green wall has been nationally adopted and politically supported by Sudan. The major
objectives of the initiative are to approach interventions that effectively rehabilitate degraded lands and managed the
resources in a sustainable system.
The concept of sustainable management has clearly been reflected in the Sudan Sustainable Natural Resource
Management Project (SSNRMP) which is presently in active function under the implementation of the World Bank.
The project is jointly managed by (MENRPD) FNC, Wildlife, Range and Pasture Administration and Livestock to be
implemented in three states (Kassala, Gezira and White Nile). The selection of priority areas and project design are
based on criteria accepted by the stakeholders.

The objective is integrated sustainable management of land, water, vegetation and croplands, rangelands, and dry land
forest ecosystems in Sudan in addition to protection of threatened dry land biodiversity. The biodiversity system
contributes in climate change mitigation through increasing forest stocks which act as carbon sink in addition to
reducing emissions from deforestation and forest degradation. Likewise, multiple benefits are possible to be obtained
under financial, social and environmental considerations.

1.2 Situation analysis:
Analysis of the current situation of the institutional arrangements, structure, mandate and cross-sector coordination that
is relevant for sustainable management and implementation of a coherent and successful. It indicates the need for
improvement of the present practices of agriculture, range, livestock, forestry and wildlife management and managing
the water, land and the natural resources in a sustainable approach. In spite of the sound policies and legal frameworks
of the different components of land use, land degradation and decline in productive systems are recognized. Policies are
sector oriented in spite of the comprehensiveness of the constitution and the National Comprehensive Strategies (1992 –
2002 and 2003 – 2007).
The economy of Sudan is predominately agricultural including cropping, livestock production and forestry which
together fall close to 50 percent of the Gross Domestic Product. Fluctuations in agricultural growth are caused primarily
by vulnerability of production to prevailing dry conditions, climatic variability and decreasing rain amount.
It is strongly perceived that agriculture is the backbone of the economy of the Sudan. Agriculture is an important sector
in Sudanese societies and economy, constituting the primary livelihood support of the majority of Sudanese. However,
the major part of agricultural depends on rainfall which imposes risk. Agriculture is the largest and most important
sector in Sudan‟s economy but it is also responsible for many of the most serious environmental problems reflected in
increasing areas of deforestation and land degradation because of land mismanagement. Yet, examples can be cited of
good practices in agricultural systems but are at pilot level. Basically agricultural practice is a system based on
clearance of the land from vegetation and cultivation of single crops.
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The Sudan forests and other natural resources are of importance at local, national and state levels and globally because
of the support they provide for the economy and livelihoods of communities including values contained in wood and
non-wood forest products and the numerous economic services provided by forests in enhancement of agricultural
production, maintenance of hydrological cycles, recreational and amenity values and eco-tourism.

However, low levels of investment in forestry and other natural resources management and the failure of the sector
policies and programmes to become effective against expanding agriculture and deforestation, forest degradation and
losses of natural range in Sudan are predominant. It should be noted that the forest resources, whether natural or
plantations, managed or un-managed, exhibit wide variation in cover in different climatic zones and over time. This is a
major factor that resulted in different extent of deforestation and forest degradation and has some impact on extent of
desertification and climatic change.

Water used in Sudan is derived almost exclusively from rainwater and the surface water resources brought by the Nile
and tributaries descending from the Ethiopian Highlands and Congo watershed area. Groundwater is only used in very
limited areas, and then mainly as a domestic water supply and limited use for agricultural cropping and very limited
ground water is used for tree and fodder planting. It is expected that water deficit will be noticeable unless some
measures are considered to lead to water harvesting practices and efficient water use.

1.3 Policy and Legal Framework
The policy and legal frameworks are enabling factors for executing actions of land and resource management according
to the requirements of the national and international framework for which Sudan is committed as a mean of
development. Hence compatibility between the different components of the policy and legislation makes it possible for
sustainable management of the resources.

1.3.1 Policy Framework
Sudan has policies and strategies at national and sector levels covering natural resources that include water, forest,
range and agriculture aiming at the main objective of sustainable development and achievement of Sudan commitments.
Sustainable development and efficient use of these resources has been an important component part of these strategic
policies. The conception of integrated natural resource management in Sudan has been in the thinking of policy makers
since the middle of the 1970s. The earliest reference to conservation and development objectives in natural resources
assume that sustainable management is a central issue. In this respect, statements on the need for natural resource
management planning in Sudan may be found in the Six-year Development Plan (1977-1983), which considered
conservation of the country's natural resources as one of the methods for attaining the objectives of the plans,
(Tolentino, 1994). A number of strategies, policies and programmes were adopted in the wake up of the Salvation and
Recovery Development Programme to increase the speed of development and enhance rapid implementation of
programmes.

Mention is made here to the Comprehensive National Strategy (NCS) (1992 – 2002) which represents a progress in
national planning towards integration of environment and development. The National Strategy for Comprehensive
Development (1992 to 2002) and its successor, the on-going Quarter Century National Comprehensive Strategy (2002
to 2027), considered the environmental development in more depth, comprehensiveness and integration than being
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sector stated in previous strategies. The 1992 – 2002 defined a target of 15% of Sudan area to be registered as reserved
land for natural resources development. The Quarter Century Strategic Plan for Development (2002 – 2007) has
highlighted fifteen goals as the most important “National Challenges” to be addressed. Three of these are of
significance within the realm of the environment:


Achieving integrated human resources development;



The conservation of natural resources as reserves within 25% of Sudan area and to be utilized in a balance
between the present needs and the future generation's needs,



Emphasizing and achieving rural development

The CNSs emphasized on the achievement of the MDGs that consider protection and development of natural resources
as important elements in human health, self-sufficiency of population needs and contribution towards the well-being of
Sudanese citizens. The CNSs give priority to cost-effective utilization and management of the natural resources and
waters, their rehabilitation and sustainable management. In this respect rural development through participation has
been placed as important tool in the development strategies of the natural resources. Water development has been
stressed upon in the strategy noting that environmental changes may create scarcity. These goals are compatible with
the goal of UNFCCD and with the goals of implementing the GGWSSI.

Since 1992, and associated with the NCS 1992 - 2002, Sudan has developed several strategies, policies and programmes
which also aimed at environmental protection and sustainable development. In this context and in compliance with its
national and international commitments, Sudan developed national action plans and strategies for achievement of the
goals of UNFCCD, UNFCBD and UNFCCC. These include:


National Biodiversity Strategy (2001, revised 2015),



National Action Plan to combat Desertification (2002),



Climate Change Enabling Project (2002)



National Environmental Action Plan Capacity 21Sudan, (2007)

The National Environmental Action Plan is based on governmental efforts and non-governmental organizations
contribution. It is a basic document containing baseline information and identifying major environmental issues. Other
policies include Water Policy, Forest Outlook and the Document on Sudan‟s Commitment to Social Development and
Population Policy. It is clear that the NCSs and associated policies provide vital opportunities towards sustainable
resource use and management if properly implemented. They are in this context in harmony with the objective of the
GGWSSI and represent a suitable platform to enable a rapid implementation of the proposed options and
recommendations.

In 1991, Sudan adopted the federal system as an approach to decentralization eighteen States in North Sudan that
assumed responsibility for local administration. The objective behind decentralization is to transfer responsibilities and
to re-divide power and revenues among Sudanese people.

The federal system policies relating to environment

protection, in general, are perceived as joint responsibilities between the federal and state governments aiming at
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coordination of policies and fulfilment of sustainable development. The system is an enhancement to achieving the
strategic policies and plan in a participatory approach between the federal, state, locality and civil organizations.

However, various constraints face the approach for proper implementation of the national strategies and international
conventions. The sector domination of strategic policy implementation and the contradicting nature of sector policies
are clear. There is a lack of comprehensiveness and absence of effective coordination and failure in considering the
national strategies objectives (NCS 2003 – 2027) in a perspective that makes the sector policies and institutes in
harmony and coordination. As a result, serious impacts on the environment and the natural resources (Abdel Ati and
Awad 1996). Sudan is lacking effectiveness of a comprehensive environmental and natural resources policy and
legislative framework that deals with land use in an integrated way (Atta Elmoula 1985, Elsiddig et al. 2007). Instead,
there are a number of individual sector policies e.g. agriculture, forestry, wildlife, water and other resources. Tolentino
(1994) refers to the lack of legislation that specifically deals with land use and land management as a principal reason
for the absence of environment and natural resources policies. Hence deforestation and land degradation are major
results.

The programs and plans of the UNFCCD, UNFCBD and UNFCCC tend to have some constraints in their adoption.

1.3.1.1 Land Use Policies
The absence of land use plans and a lack of laws governing land tenure and land use resulted in a situation which led to
conflicts between land uses and land users. The conflicting interests of traditional rain fed farming; pastoralism, forest
uses at local, state and national levels discouraged proper forms of land management and might have caused social and
environmental negative impacts. Land use under government control, such as mechanized farming practices generally
focuses on resource exploitation and use for income generation to national and state treasuries rather than efforts to
improve local livelihoods and sustainable development. However, land under customary tenure used to be more
sustainable because of the effectiveness of the governing ownership but presently these traditional systems have been
violated (Sudan Report, 1991).

Agricultural policy supports horizontal expansion of mechanized farming for agricultural development for crop
production to secure food, satisfy grain export and supply agricultural industries. The expansion is on the expense of
forests and natural resources conservation and management under conditions where coordination and integration are
lacking. This has greatly influenced present day forest and range policies and practices and resulted in vast land
degradation (Elsiddig 2004). Agricultural practice is also facing land tenure and land ownership problems.

The policy includes statements on sustainable management of natural resources based on integration of land use but
may need to be clearly understood and efficiently integrated. That may require looking at agricultural sector to
accommodate all relevant sub-sectors of forests, range and agriculture-based industries. However, the policy represents
an enabling factor for land use integrated management. The policies that focus on integration highlight on various
successful pilots of agricultural practices such as agro-pastoral and agro-forestry, shifting bush-fallow systems and
shelterbelts establishment inside smallholding traditional agriculture, irrigated schemes and mechanized farming.

Forest Policy in Sudan has forest conservation, protection and management. Since 1932 several important changes in
forests policy have occurred with regard to the strategic framework including the reorganization of the administrative
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set-up of the forestry sector that culminated in the establishment of a parasternal semi-independent Forests National
Corporation (FNC) (1989). The policy considers the division of functions in the management of forest resources among
the Federal and State Governments with regards to functions and services. The main feature of the policy defines wood
production within the forest reserves because of the opportunity for reforestation as the reserves are protected (and that
is technically feasible and represents good practice). The policy also encourages the rural people and farmers to
introduce forestry component on their lands and on community land. The Forest Policy (1986, revised 2006) that
encourage forest reservation, conservation and community and private sector participation in forestry development and
management.
The forest policies are strongly supported by the Comprehensive National Strategies (CNS) (1992 – 2002 and 2003 2027) both being concerned with the importance of forests in environmental conservation as well as a source of goods
and services for the country and local communities.

In addition, the policy emphasized the role of the international community and public participation in tree planting and
sustainable management of forests and recognized the need for research in forest development and emphasized the role
of forest extension. These components of the forest policies and strategies contained in the mandate of the FNC
constitute approaches for good practices which support the implementation of the GGWI. These objectives are in line
with the objectives of the SSNRMP and indicative of the role that sustainable management of the forestry resources will
play provided that it is coordinated and harmonized with other policies.

1.3.1.2 Range-Land Policy
With regard to range and pasture the National Strategy 1992 - 2002 (CS) called for rehabilitation and maintenance of
natural range of Sudan. Objectives include the consideration of the carrying capacity within the management of the
rangeland, improvement of pasture, adoption of suitable grazing systems and protection of rangeland against fires. This
has been stated to be developed within the reservation policy that has a target of 25% of the area of the Sudan for
forests, range and wildlife and this issue has been elaborated in the Forests and Natural Resources Act 2002 in relation
to rangeland management.

For the animal sector welfare the NCS focused on the expansion of the modern sub-sector and improvement of the
traditional sub-sector which host more than 80% of the animal population. This improvement aims at making radical
change in the breeding and animal production systems, encouragement of private sector investments, intensification of
productions and integration of agriculture and animal production within the objectives of range and pasture
improvement.

1.3.1.3 Wildlife Policy
For wildlife the strategy (NCS) concentrated on conservation of habitats, adoption of attractive economic policy, and
enhancement of regional cooperation, establishment of more Nature reserves and national parks within the reservation
policy that targets an area of 25% of the area of Sudan. The policy encourages research development in the field of
wildlife.

An important aspect in the management of wildlife resources is the policy of conservation and sustainable use of
biological diversity in an integrated approach with the policy of nature reserves and identification of key components of
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biological diversity. A systematic programme of monitor of the components of BD becomes an essential national
practice in order to follow up dynamic changes and species status. Priority should be given to those under threat and
those with sustainable use potential.
In the absence of a comprehensive environmental and natural resources legislation, the regulatory measures for
environmental management have been contained within sector basis and may contradict with agricultural legislation.

1.3.1.4 National Water Policy
Through a process of consultation with stakeholders the National Water Policy 2000 was prepared. Its main objective is
to enhance the development and implementation of effective national water policies and strategies for integrated water
resources management. The policy document assesses the water situation in the country and formulates the main policy
principles and statements.

National Water Policy issues, institutional and legal framework for governance of water resource development,
utilization and management are stated in the NCS 1992 - 2002. The policy and NCS contains a strategy for irrigation
and water management and domestic water strategy. The water policy 2000 was based on policy group consultation and
has been developed on the basis of a wide range of options and country development.
Strategic statement emphasized on efficient use of water for agriculture in addition to more utilization of ground water
for irrigation. The 2000 policy update stressed on the need for a balance between agricultural use and hydropower. The
importance of increasing the water use particularly rain fed is stated in order to match with the available vast land area.
The water policy stressed upon statement of regulation and coordination between the different water users in order to
avoid fragmentation between government responsibilities and institutions particularly in the States. The policy also
stressed on supporting issues such as the legislative framework and regulation acts to enhance capacity building and
proper management and environment protection.
The National Water Policy of 2007 is a document that covers many aspects of water resources management, utilization
and protection in light of the lessons learnt from the implementation of the 1992 and the 2000 policies.

1.3.1.5 Higher Council for Environment and Natural Resources
The HCENR was established 1991 under the chairmanship and supervision of the Prime Minister, in order to make
effective policies, laws, plans and institutions so as to solve problems of depletion of natural resources and degradation
of the environment in Sudan. In 1995 after the creation of the Ministry of Environment and Tourism, HCENR was
made part of it. Presently the HCENR is affiliated to the Ministry of Environment, Natural Resources and Physical
Development. The HCENR is primarily established as a coordinating and advisory body. According to HCENR Act
(1991) its functions include:


Laying down general policies and long term plans for environmental protection and sustainable development
of natural resources;
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Coordination of efforts directed towards environmental and natural resources management among concerned
governmental agencies and between federal and states governments;



Periodic review of relevant legislations and recommendations to make them more effective instruments for
sustainable development;



Encourage and support research on the environment and natural resources;



Promotion of environmental awareness and education;

According to the resolution 735 (1992) the Board of Directors of HCENR include ministers of Agriculture, Animal
Wealth, Irrigation and Water Resources, Energy and Mining, Trade and Commerce, Higher Education and Scientific
Research and Justice and Attorney General‟s Chambers. This is in addition to the Secretary General of HCENR and
other individuals with knowledge and expertise on environment and natural resources.

Many branches for HCENR are being established in the different States under the chairmanship of the State Governors,
(Wali). The functions of these branches are:


To implement the general policies formulated by HCENR;



To monitor implementation of development program relating to natural resources;



To collect data and gather information on negative or adverse changes in the environment;

HCENR represents Sudan as a focal point for most of the global conventions on the environment (UNFCCC, CBD) and
responsible for ensuring Sudan‟s compliance with its obligations under these treaties. Hence, HCENR is implementing
a number of capacity building projects to prepare Sudan to respond to the requirements of the conventions. With these
function, HCENR has to play an effective role in natural resources sustainable management.

The policy and functions of the HCENR qualify it for an important position in the coordination processes and effective
implementation of policies at sector, state and at national levels. Its mandated to coordinate policies and protect the
environment makes the HCENR a suitable body for bringing the synergies between national, regional and institutional
policies with the Rio conventions functioning. However, the HCENR is handicapped by loss of its power to fulfil its
mandate because its Board of Directors is no longer headed by the Prime Minister.

1.3.1.6 Land Tenure
Since the early 1970s concern has been focused on environmental and development policy issues in relation to land use
categorization and tenure rights. Since the colonial era most of the tenure policy rights for land and resources, including
trees, pasture and water, come from customary practices and indigenous traditions usually based on tribal structure that
used to organize resource use among communities. Agricultural practices were based on smallholdings allocated to
households while pasture and range on large tracts are managed as common resources for grazing.

However, in post-1970 land use policy gave the government the ownership over any un-registered land including
unregistered range and forests thus reducing the rights of the local people. Almost eighty percent of the land in Sudan is
becoming under State ownership. The un-registered land act of 1970 sets considerable amount of arable land under
control of the government and vested with the Mechanized Agriculture Corporation to be planned in agriculture
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schemes and leased as large scale rain fed farms. This has caused a challenge to balance development with forest and
range conservation. Accordingly the land tenure system and land use practices in the post-1970 has some negative
impacts on the natural resources, which applies to range lands, and forest lands because agriculture is a priority over the
other resources.

Three categories of land ownership systems emerged in association with the continuous issuance and amendments of
the land use policies. These include: Government, community and private lands. The majority of the land is under
government control and that brought the situation where Sustainable Land Management under risk. However, since
mid-1980s the government attitude has been improved towards supporting community and private forests reservation
and development in response to the national strategies and policy reforms.

All lands under the title of FNC, community, private and Wildlife are reserves and gazetted under the names of these
categories except the sanctuaries but all of these categories of tenure are under policies and laws of the respective
institution. Laws and policies have periodically been revised to improve resource management. However, some areas
with their natural resources existing in environmentally sensitive conditions, particularly under semi-arid, are
considered as protected resources under the National Environmental Act and no activity should be practiced without
permission.

1.3.2 Legal Framework
The legal framework is the supporting power for enactment of the policies and it enhances policy implementation in a
sustainable and coordinated manner.
There are three types of legal frames in the Sudan: The Constitution, the Statutory Law and Customary regulations. The
constitution is the source of rules governing personal relationships and transactions, land ownership and land use. On
the other hand, the majority of enacted environmental and natural resources laws, such as those relating to forestry,
game, fisheries and wildlife fall under statutory laws. Customary law encompasses those indigenous rules, which
govern the rights and duties of indigenous people in their relationships and transactions and in their use of natural
resources, especially land and water. Hence, customary laws are as numerous as the tribes. Customary regulations at
community level have compliance. Statutory laws cover the bulk of environmental and natural resources.

Sudan Report (1991) stated that since the beginning of the past century (1901) about 150 natural resources laws
(Statutory laws) and sector regulations were established in Sudan dealing with water supply, land tenure, game,
protected areas, fisheries and marine resources and other sectors of natural resources.

An important step was taken towards a better co-ordination with the more recent establishment of an environmental and
natural resources law. The Environmental Protection Act (EPA) of June 2001 is a framework law to policies, legislation
and executive actions of federal state organs. The main opportunity for integrated sustainable development has been
embraced in the 2001 Act which is structured to harmonize the different sector environmental laws, calls for the
protection of biodiversity and combating pollution, sets environmental standards and states the importance of
environmental impact assessment for development projects and raising environmental awareness and popular
participation in decision-making process and setting policies.
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The EPA of 2001 requires an environmental feasibility study to be carried out for all projects that may have adverse
effects on the environment and natural resources. The act contains guides for the contents of the study. The study must
be presented to and signed by a committee constituted by the Higher Council for Environment and Natural Resources
(HCENR). The Act empowers the HCENR to draw natural resources policies, including their assessment, development,
and management in an integrated way to achieve sustainability; coordinate the activities of state councils; formulate
national long term programs; and to review periodically environment-related legislation.

1.3.2.1 Forest Legislation
The forest legislation in Sudan is formed by several acts including Forest Act 1989 which maintains the national and
regional forest reserves owned by the government and recognized new types of forest ownership including institutional,
private, investment and community forest reserves to be managed by owners, committees and institutions. Investors in
agricultural schemes were obliged to raise a forest area not less than 10% of the total area of a rain fed project and a
percentage not less than 5% of the total area of an irrigated project as shelterbelts and windbreaks for the purposes of
production and protection. Accordingly the act addressed tree and land tenure. All the forest reserves would be under
the technical supervision of the Forests National Corporation (FNC) while the control over tree cutting outside the
reserves was tightened by the requirement of a permit to be issued from the FNC.

The forest Act (1989) and Forest National Corporation Act (1989) were issued to meet the requirements of the forest
policy (1986) in environmental conservation. The forest acts and forest policies are very clear and strong, yet the FNC
mandates are not satisfactorily implemented particularly with regard to natural forest reserves management which
remained continuously not sustainable because of the inefficient implementation of the policy and laws.

1.3.2.2 Wildlife Legislation
The Wildlife Conservation and National Parks Act 1986 aim at the conservation of wild animals, game areas and
protection of national parks. This also necessitates wise use, development and management of wildlife and parks
resources. The Act also describes the procedure of establishing natural parks and lists the protected species, specifies
closed season for hunting, prohibits some methods of hunting, provides hunting license and permits system. According
to experts, the wildlife and National Park Act (1986) is mainly focusing on the conservation and protection of wild
animals and neglects or excludes the statement on plants and trees, which are also wildlife but this point is mentioned in
the CBD. However, the act has not mentioned multi-purpose uses within management purposes and environmental
conservation but this point is considered in CITIES that resulted in zoning of Dindir National Park and developed the
park into a bio-sphere.
The role of participation of people living inside or around national parks needs to be included in the law. However,
CITIES states the importance of local people participation in the sustainable management of Dindir Bio-sphere.
Assigning rights and responsibilities for local communities that depend on national park has been stated in the
management plan for Dindir to be a factor that enables them to assume informed responsibility over the sustainable use
of Dindir Bio-sphere resources.
In this respect, consideration of the country‟s commitment to CITES and CBD and the provision of information on
wildlife resources and the promotion of scientific research is an important issue for establishment of parks. This is the
area of synergy of wildlife policies with the CBD which needs legislative support. The policies state the necessity for
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identifying key components and integrate the conservation and sustainable use of biological diversity into policy of
nature reserves and monitoring such key components of BD. Consideration may be given to those under threat and
those with sustainable use potential. Establishment of a system of protected areas or areas where special measures need
to be taken to conserve biological diversity and regulate or manage biological resources are important for the
conservation of biological diversity.

1.3.2.3 Water Resources Act 1995 and Other Water Related Legislation
A number of laws were promulgated such as the National Water Corporation Act, 1995, and the Water Resources Act,
1995. The former repealed the Rural Water Corporation Act and the Urban Water Act. It integrates Nilotic and NonNilotic water resources as well as ground water. The flood basin forests along the Blue Nile are under this issue. The
water resource act 1995 indicates that the ministry of Irrigation and Water Resources embraced most of the sub-sectors
(legislation, policies making, planning, and coordination of all water resources in the country.

Effective water resource management would require legal and institutional framework associated with increased
transparency and accountability in order to maximize available opportunities and ensure the fair and equitable
distribution of benefits. Water is one of the resources that would require such improvement in order to enhance equity
and balance in allocation and efficiency in use. This also requires human and institutional capacity-building.

1.3.2.4 Local Government Act 2003
With the adoption of the federal system in Sudan some important legislation has been established to define
administration units, divide power and to assign responsibilities. The Local Government Act (1989) established the
structures and functions of local governments within the federal system. The act defines the localities, their legal entity,
powers and responsibilities. The Locality, according to the act, is an autonomous body with its main function contained
in provision of services and development of the locality.

The Locality is entrusted, along with other functions, with agriculture, forestry, natural resources and animal wealth. Its
function, in this regard, is to cooperate with others in conservation and protection of the natural resources in order to
ensure the sustainable use of the resources; encouraging afforestation and give due care to forests; establishing fire
lines, identifying and giving due care to pasture land and water points in close cooperation with concerned institutions
and identifying animal routes/corridors for trans-boundary (between localities) grazing movement in the agricultural
land.

The Native Administration Act (1989) defines the different native administration levels (the traditional leaders) and the
procedure for their election. This Act also lists the powers of native administration, which include the conservation of
forests, pastures, maintenance of livestock corridors, fire protection (forests and rangeland) and the environment. In
addition, the Judiciary (Rural Courts) Regulations assign judicial powers to native leaders. In this respect, local leaders
work in collaboration with local governments.

In this respect, the localities and administrative units should be complementary in responsibility to institutions like
FNC, RPA, Wildlife and agriculture sectors and should be capable to coordinate with these sectors in the management
of natural resources in an integrated manner.
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1.3.2.5 Investment Encouragement Act 1999
The Act encourages investment in the fields of agricultural, animal, energy, mining; transport, communication, tourism,
industrial activities and environment. Investment in these fields is deemed to be strategic investment, capable of
enjoying tax-fees exemption and non-attachment, non-confiscation, and non-sequestration of the property of the project.

1.4 International Conventions and Regional Protocols
Ratified international and regional conventions and protocols are increasingly influencing the use and management of
the dry land resources and ecosystem. Most agreements aim to conserve the ecosystem and natural resources and some
of them focus on development challenges. However, international programs such as the Millennium Development
Program and SDGs make indirect demands on natural resources to achieve their goals such as halting poverty and
improving access to water and sanitation.
The international and regional agreements that are related to development, use and conservation of natural resources
and land management and are applicable to natural resources management in Sudan are many few important
conventions are provided in a summary.
1.4.1 UN Convention to Combat Desertification (UNCCD)
The objective of this convention is to combat desertification and mitigate the effects of drought in countries
experiencing serious drought.


Adopt an integrated approach towards combating desertification and drought;



Integrate poverty reduction strategies into efforts to combat desertification and mitigate drought effects;



Promote cooperation in the fields of environmental protection and the conservation of land and water
resources, as they relate to desertification and drought;



Strengthen sub-regional, regional and international cooperation; and
Cooperate with relevant intergovernmental organizations;



A national action plan (NAP) prepared;



Promotion of awareness and facilitation of participation of local populations;



provides an enabling policy and legal environment



NAP is a long term strategy covering wide range of issues to be integrated with national policies for
sustainable development;



NAP covers issues identical compatible with those contained in GGWSSI both aim at combating
desertification and reclaim land degradation through sustainable land management.

1.4.2 UN Framework Convention on Climate Change (UNFCCC)
The UNFCCC sets out an overall framework for intergovernmental efforts to tackle climate change. The objective of
the Convention is: to achieve stabilization of atmospheric concentration of greenhouse gases at levels that would
prevent dangerous anthropogenic (human-induced) interference with the climate system. The UNFCCC is guided by
the concept of sustainable development that avoids contribution to global warming.
Sudan is committed to respond to key issues related to climate change which represents the biggest problems
threatening the sustainability of dry lands ecosystems of Sudan is climate change. Compilation of an inventory of the
greenhouse gas emissions, and submission of reports “The national communications report” on actions related to the
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implementation of the Convention including increase of carbon sequestration in semi-arid and savanna contributes to
reduction in greenhouse gas emissions. This represents a significant use value in forestry and other natural resources
development and is compatible with issues of climate change control.
The issues of climate mitigation cannot be separated from similar issues in forest policy which aims at resource
assessment, Forest inventory and measurement of deforestation, conservation of forest resources and maintenance in a
sustainable way. These issues show areas of synergy between the UNFCCC and sustainable forest and natural resources
management.
1.4.3 UN Convention on Biodiversity (UNCBD)
The UNCBD is a global agreement on the conservation and sustainable use of biological diversity. Its objectives are to
conserve biological diversity, promote sustainable use of biodiversity components, enhance plans or programs for the
conservation and sustainable use of biological diversity and promote fair and equitable sharing of the benefits arising
out of the utilization of genetic resources. Sudan has prepared a BNAP (2001 revised 29915) aiming at integrating the
conservation and sustainable use of biological diversity into relevant sector plans, programs, and policies as stated in the
key areas and measures. States have the right to exploit their resources compatible with the environmental policies, and
responsibility at state and national levels to ensure that activities within the jurisdiction or control within states or
national levels do not cause damage to the environment of at states or at national levels.
For sustainable use of the components of biological diversity the convention calls for integration of conservation and
sustainable use of biological resources into components of national decision making, taking measures relating to the use
of biological resources to avoid or minimize adverse impacts on BD; promoting customary use of biological resources
in accordance with traditional cultural practices that are compatible with conservation or sustainable use requirements,
support local population to develop and implement remedial actions in degraded areas where biological diversity has
been reduced and encourage local communities to cooperation with governmental authorities and private sector in
developing methods for sustainable use of biological resources.
1.4.4 The Convention on Wetlands (Ramsar 1971)
The Ramsar Convention is an intergovernmental treaty, which provides the framework for national action and
international cooperation for the conservation and wise use of wetlands and their resources as well as contributing
towards achieving sustainable development.
Wetlands of Importance are defined based on their significance in terms of ecology, botany, zoology, limnology or
hydrology. To date the Dindir National park is the only Ramsar site in the country. The boundaries of a Ramsar site
must be precisely described and mapped. The wetland may include riparian areas. The country retains exclusive
sovereign rights over the listed wetlands, develop plans for promoting and wise use of the area, establishes nature
reserve and promote the training of personnel competent in the fields of wetland research and management;
1.4.5 CITES Convention
CITES deals with the trade in endangered species that makes it of some relevance to the ecosystem management of the
dry lands of Sudan. CITES covers both flora and fauna species. The Convention provides for three types of trade
restrictions:


Restrictions in trade of certain species and their products (globally threatened species);
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Control and monitor trade in species and their products (species under growing threat);



Nationally threatened species.

CITIES convention is relevant to dry land of Sudan as it control and restricts export of listed endangered species.

2. General and Specific Description of the Three Selected Areas:
The consultant made visits to each of the three localities and capital of the State. First the consultant visit
talkukheadquarter of each institute of the agriculture, FNC, RPA, WLA and Water departments, meetings were held and
data collected on the present situation regarding sector policies, legislation and project practices. Visits were made to
the forests reserves and the dwellings in the surroundings and RPAs conducted within community categories reserves.
Reconnaissance surveys were conducted within the forests reserves and the surroundings to take notes on features of the
natural resources. Sample plots were conducted and described to be used for vegetation classification and for remote
sensing.

The study integrated data from different sources and used different methods and approaches to analyze the impact of
climate changes on the three states. The approach includes imagery from Landsat satellites system (OLI) 2016,
fieldwork surveys and field measurement. Also additional secondary data such as socioeconomic and climate data were
used to analyze the driving forces and effects of physical factors in the study area.

A. Field Methodology:
Field work has been carried out during the dry season in May 2016 supported by classified maps derived from
unsupervised classification of Landsat image covering the study areas. Two kinds of information were collected during
the field survey/work including measurements of the ground conditions at a specified place (land use and land cover,
species parameters) and the location and size (GPS, elevation) of the samples. For the geometric rectification of the
imagery, numbers of training site were selected. Four types of data were gathered including, remote sensing data
(GCPs), Land Use/Land Cover (sample plots), ancillary data and socio-economics data.
Climatic data specifically rainfall data for 30 year have been collected from meteorological department of agriculture in
FAO, this data were analyzed using statistical package (Excel sheet) version 2013, that to drive information about the
impact of climate change on the agricultural land of the three study site to extract information about the current
situation.
The ground reference points were measured during the field visit to the study areas in the period from 15 to 20 of May
2016. They were selected based on pre-classified maps for the imagery. The coordinates for each reference point were
recorded using hand-held GARMIN 6 Global Positioning System (GPS). Information on land use and cover was
recorded too.

B. Analysis methodology used to extract information from satellite imagery:
The remote sensing data used for this research of study was acquired from the Landsat archive data at the EROS Data
Center. These data sets were taken by Landsat 8 (OLI), and were freely downloaded from the Global Land Cover
Facility (GLCF) (http://www.glcf.umiacs.umd.edu/index.shtml). The approximate scene size is 185 * 185 kilometers.
The data received from the GLCF was pre-processed to level L1G (geo-referenced).
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Object-based classification was applied as a newly approach of image classification in semi-arid areas. Varieties of
softwares were employed in the present study following the different requirements of the work. The ERDAS IMAGINE
(Earth Resources Data Analysis System) Imagine version 2014 and ENVI (Environmental Visualization) software
version 5.1 were used for image processing, masking and classification. Meanwhile, QGIS (Open Software) was
employed for database development, spatial data analysis, producing thematic maps and extracted spectral reflectance.
Definiens Developer (eCognition®) version 7.0 software was also applied for segmentation and classification of some
imagery.
The project sites (Talkok, Butana and Um-Rimta) are dry with distinct wet and dry seasons (Figure 2). The details of
all information for each location will be presented separately for each one as the following; the data will cover physical
description and human description of each area. Also details of current uses practices with empathizing in the potentials
of resources available.

Figure 2. Rainfall in Sudan indicating the wet and dry borders. Source:
(Gadelmula and Upton (2016) hydrology of Sudan, Africa Water Atlas)

2.1 Talkuk Study Area
2.1.1 Talkuk Study Area Location
The Talkuk locality (Figure 3) was a scene of the Eastern Sudan conflict for 12 years. The population is still suffering from
the aftermath. The environmental conditions and the conflict induced negative effects on the development of the locality. As
the result of the long conflict, the majority of the public service infrastructure is underdeveloped or deteriorating. The
populations at large are suspicious of promises and hence have reluctance to accept new ideas and this feature is deepened by
the remoteness and geographical inaccessibility of the locality.
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Figure 3.Locatio of the Stduy area in Talkuk Locality forest study area

In Talkuk area, the land is flat dippings gently toward the northwest, covered by clay soil covering the basement
complex rocks. Saeed (1968) mentioned that Jebel Mokram which rises above the plain represents the main outcrops of
the Basement Complex in the area. The Clays Plain is found above the river flood plain of Gash River east of the
alluvial deposits. It is grey to dark grey in color and consisting of clay, silt, sandy clay, and sandy silt. The clay is
underlain by the Basement rocks.
The average elevation of the plain is about 500 meters above mean sea level. The Gash River is an intermittent stream,
originating in the Eritrean highlands of eastern Sudan and Ethiopia and flows northwest across the flat plain bordering
Talkuk area.
The target area (Tahadi forest) is located in Talkuk locality 62 Km north east of the city and 10Km from Talkuk, the
locality H.Q, between the Gash and the Eritrean boarder. The area receives rainfall between July and September (Figure 1).
The temperature averages between 20º in winter 40º in summer. The soil of the area

which covers most of the area

and rocky soil around small hills and sandy soil in areas around wadi and stony cover around hills. The tree cover
around hills includes Acacia tortilys, spp radiana (Sayaal) , Acacia tortilys, spptortilies (Sammer). The major hills are
Frendik, Tauity in the west and Frendik in the East and Abuink east west. The major Wadis includes; Tahadi Khor and
Balat Argeen, Osas and Salam. Aristides species Panicumturgidunr and Phushexaulu are the major species in wadis. The
pasture was not in a good shape due to low rainfall last rainy season.
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2.1.2 Biophysical and Socioeconomic Descriptions
2.1.2.1 Biophysical Description
2.1.2.1.1 Geology and Geomorphology:
The project area represent an extension of the Ethiopian highland' and composed of wide zone of Basement complex rocks
and series of weathered schist of Meta sediment marble and quartz rock as well as extension of Sudan's central clay plains
(Figure 4). Samuel (1962) described the geology of the area and classified the rock units as Basement Complex, covered
by clay plain with some static water levels for some wells in the area. Karkanis (1961) comments on the general ground
water conditions in the area giving some data on static water levels in few wells where the aquifer zones are typically
between 5 m and 20 m thick, may be thicker. Recent studies by Gadelmula and Upton (2016) show that groundwater is
not available except in fractures or in shallow weathered zones in the bedrock, where permeability has been increased
and the water table depths range from 4 m to 60 m. Abstraction boreholes range from 10 m to 70 m, and borehole yields
are generally low. Aquifer productivity is Low.
The fractured/weathered aquifers have low storage potential and do not contain large amounts of groundwater.
Recharge is variable depending on rainfall and surface runoff. Groundwater quality ranges from fresh to brackish.
The alluvial deposit extends in a narrow strip between Gash River and the clay plain. Based on the above description, it
is possible to classify the geological formation of the area into:
a)

Recent Wadi sediments which are found along Wadis and streams composed of gravel and sand with thickness
ranging from one meter up to 40 meters as found in Gash flood plain. Such deposits form the main ground water
aquifers of the area.

b)

Basement complex rocks are widely spread all over the area as extension of the Ethiopian plateau and outcrops in
mountain ranges to the east of Kassala. Basement complex rocks are composed of granite, schist's and marble.

Drainage pattern is influenced by the topographic features of the area. The highlands and mountains along the borders
between Eritrea and Sudan form the source of the Wadis that crosses the project area in western direction towards Gash
flood plain. Considering the erosive capacity of these Wadis and bank erosion, it becomes clear that there is a big amount
of surface run off. All these Wadis are descending from the highlands (Figure 5), with silty sands and grasses mainly
Panicum turgidum (Tomam) indicating a very low flow of water in some cases.

Figure 4.Geological Formation
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Figure 5.Talkok topography

2.1.2.1.2 Soils Description:
The soils of the project area in the eastern parts of the Locality are described as mountainous soil which is shallow and
with poor fertility not suitable for agricultural purposes, described as rocky soil. However Wadi courses, Gash delta and
the southern parts of the Locality provide suitable areas for agriculture and grazing. The dominant soil in the locality is
Fluvisols, which are deep sandy clay soils, where the clay particles have been leached from the upper horizon. The wadi
soils described as sandy loam, the bed of the wadi is pure sandy soil accumulated from the high mountain from upper
streams, the type of the soil is Fluvisol, which is described as low fertile and textures vary from sandy clay loam to clay.
Outside of the wadi the soils described as loamy mix with clay and suitable for agricultural activities. In many places flat
areas formed of loamy soils provide suitable land for agricultural development through water harvesting techniques. On the
other hand, the Gash delta, which is on western edge of the project area, is known for its clay fertile soils with good
productivity. Finally around the rock outcrops are eutric leptosols, which are shallow, gravelly soils of sandy loam texture.
These soils are too shallow for cultivation.
Figure (6 a/b) shows soil types designed according to process of the satellite imagery by means of LANDSAT systems
using different set of bands. Minerals compositions of iron oxide, clay and ferrous minerals showed different patterns of
soil types along the study area. Sand soil appeared in bluish color, while alluvial cracking clays showed in reddish colour
covering all water courses. The third class of soil is the non-cracking heavy clay soil mixed with Aeolian sand, appeared in
greenish color.
The combination of 5/7, 3/1, and 2/4 (RGB) bands results in an image in which clay is distinguish by magenta, sand soil as
green and vegetation/ bare soil as red. To produce such soil type map, ENVI 5.1 desktop software was used with Landsat
imagery.
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Figure 6.(A) Soil Map show the main soil classes and (B) Soil Index Derived from Satellite
Image

2.1.2.1.3 Climate Description:
Rainfall at Talkook is ≤ 200 mm/annum. Rainfall increases towards the south. The rainy season is between July to
August. The whole Kassala state climate is described as arid or semi - arid. Such climate is characterized by the following
features:


Low rainfall (average 100 -150 mm/annum) and variable in space and time and characterized by short rainy season.



High temperatures. The mean minimum daily temperature in January is 16°C. The summer is hot characterized by
local strong winds, usually accompanied by thick dust (Haboob). The mean maximum daily temperature in May is
about 42°C.



High level of evaporation above the average rainfall:



Limited and sparse plant cover.



Continuous decline in rainfall amount through time leading to shortage in water resources, poor vegetation cover and
crop failure. The rainfall starts in July and continues to the end of September. The annual average rainfall in
Kassala is 341 mm (in 1960s) see figure (7)
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Figure 7.Rain Fall trend 1907 – 2007 in Kassala
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The data for Kassala town is further used to depict wind direction and speed as well as conditions of relative humidity,
evapotranspiration and evaporation. Wind direction is normally from North - East during December - April and blows
from South - North during the rest of the year. The northerly wind is always associated with dust storms (Haboobs)
particularly during the rainy season causing health problems and affects traffic flow. Studies showed that wind speed in
Kassala reaches 5 - 6 miles/ hour while in Aroma, reaches twice as much as that recorded for Kassala.
Relative humidity is high during the rainy season (July - September) and also high during winter (December - January)
because of the low temperatures during these periods that helps plant growth. The highest relative humidity recorded in
Kassala reached 72% during the early hours of the day in August and the lowest recorded is 17% in April during evening
hours. Evapotranspiration and evaporation are influenced by temperature and sunshine and low relative humidity.
Evaporation rate increases to the north of the project area and may reach 10 times the amount of rainfall leading to acute
shortages of water for the different purposes.
Evapotranspiration is influenced by available plant cover, soil types and human activities. In the project area it reaches 100
mm only because of low plant cover and low soil moisture.

2.1.2.1.4 Land Use Land Cover LU/LC:
Natural vegetation is represented by the following subdivisions of the semi-desert and low rainfall woodland savanna
ecological as shown in Figure (8):
1.

Sub-division (1): semi-desert grass land on clay (in the eastern part where the grasses dominate over woody
species.

2.

Sub-division (2): of Acacia mellifera (Plate 1) alternating with grasses of the low rainfall woodland savanna now
most of the woody cover is cleared for farming (Dura / Sesame).

3.

Sub-division (3): of the low rainfall woodland savanna characterized by Acacia seyal - Balanites aegyptiaca
alternating with tall grasses on dark clays in the past but now most of the suitable areas are cleared for cultivation
and Sesame. The only intact wood tree remaining is Balanites aegyptiaca (Reserved for its medicinal and market
value).

Figure 8.Talkuk land use/cover
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Plate 1 .Acacia Tortilis scattered trees in the study area
Table 1. Shows the land use cover classes which extracted from the recent satellite imagery of
Landsat-8 (OLI) for the year 2016/June. According to the classification results, we revealed that
the study area covered by 7 natural classes. Most of the study area covered by stony bare soil
which represent about 51.7% of the study area, followed by mixed woodland, which represent
about 23% from the total of the study area.
Table 1.Show the Statistical Information of the Current Land Use/Land Cover
ID
1
2
3
4
5
6
7

Class Name
Bare Rocks
Bare Rocks with a thin sand layers
Crops land
Mixed woodland
Non Perennial Natural Water bodies
Rural Settlements
Stony Bare Soil
Whole cover of the study area

Area (ha)
88564.41
40479.21
3766.05
134947.26
2682.72
1888.02
291820.05

%
15.6988
7.17529
0.667565
23.9206
0.475535
0.334668
51.7276

2.1.2.1.5 Water Resources Characteristics:
The nearest surface water is the seasonal Gash River which is extends along the western boundary of the project area. The
whole project area depends on seasonal water courses and shallow dug wells. There are a number of important seasonal
courses with potentials for water harvesting and hand dug shallow wells. As mentioned earlier the khors provide potential
for water harvesting for drinking purposes as well as for agriculture. Most of the Khors run from the eastern side of the
locality coming from the Eriteria Higher Mountains and run toward the Gash River. All these khors are the seasonal and
carrying only water from outside of the locality (Figure 9).

Figure 9.Seasonal Water Courses Streams
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2.1.2.1.5.1 Wild Flooding and Water Harvesting:
Agriculture performs better if additional run-off water is made available for cultivation. There are two types of indigenous
techniques: Wild flooding and water harvesting.


Wild flooding: In wild flooding the runoff is not collected or manipulated: unprepared land is sown directly after
wetting by spate flow. The system easily mixes with water harvesting and frequently no clear boundaries can be
drawn between the two.



Water harvesting on interfluves before reaching khors: Water harvesting is the collection and concentration
of surface run-off for plant production before it reaches seasonal streams. There are two local indigenous water
harvesting variants. These include run-off manipulation by u-shaped earth bunds, or –tears (harvesting rain or
floodwater) and brushwood panels, or libish (harvesting floodwater).



Terrace: The terrace is the most common water harvesting technique in the study area. The terrace system
includes two main elements: (i) the cultivated land which bunded on three sides, and (ii) a rainwater collection
area or catchment located at the open upslope of the cultivated land. The basic system as used in a wide region of
the eastern state is discussed first before elaborating on more complex local variations.



Characteristic of the terrace system is base bund built approximately on the terrain contour. It impounds captured
rainwater and allows it to infiltrate into the soil. The outer collection arms partly have the same function, but also
act as conveyance structure. The arms at a right angle to the base direct the run-off to the cultivated land.



The construction of terrace bunds leaves shallow channels in the field. The excavation material is usually taken
from the inside face of the structure. The resulting ditch supports the conveyance and circulation of run-off.
Excess water normally is drained along the tips of the outer arms, which are worn out tires. In case of severe
flooding of terrace land, the contour bund is deliberately breached to avert the more devastating event of an
uncontrolled burst.



The rainwater catchment is external to the cultivated land. However, any land not under crops adds an additional
internal catchment area. The entire catchment area is to large extent defined by the configuration of terrace in a
given farming zone. A regular spacing is common with base bunds aligned on the contour and slightly staggered
pattern in the direction of the slope. When there are no upstream land users, run-off collection can be from an
unbounded area.



Libish: The brushwood panels, or libish are built of bundled branches cut from Acacia spp., Mesquite and
increasingly from low valued from calatropis procera. The technique is used on level land for run-off collection
or run off spreading (on upslope section). To lesser extent, panels are also used for gully erosion control. The
structures generally require seasonal rebuilding since they are prone to destruction for firewood.



Hafirs and Protection Dykes in Khors: Other run-off engineering techniques include the rectangular earth
basin, or hafir and protection dike. The hafir is constructed by excavation and addition of a retaining wall. An
earth dam in the khor, sometimes also a conveyance channel, divert water to fill the reservoir for domestic use
and the watering of cattle. Basins used to be hand-dug but since the 1650s, government programs were started to
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mechanize construction and maintenance. Hafirs suffer from rapid siltation. In some areas, seasonal floodwaters
menace the village built-up areas and earth dikes are built for protection.


Extra Large Terrace: The land use and Desertification control department (LUDCD) of the ministry of
agriculture, with support from EU funded Eastern Rehabilitation and Development Projects are promoting the
construction of extra-large terrace type structures. The basin cropped area is some 400 feddans (160 ha). Where
there is sufficient water from the khor an additional basin is constructed below the upper basin. To date three
schemes have been constructed. Because of their size control of water movement within the basin is important.
Any existing rills are closed with check dams. Basin are rip ploughed before planting. Bunds are approximately
50 cms high. They are stabilized by first bunds. Bund extremities are treated with large stone rip-rap.

Plate 2: Shows water harvesting techniques within the study area

2.1.2.1.5.2 Description of the Tahadi Two Valies (Khors) Crossing the Study Area:


Hydrological Characteristic of Thadi Khor:

The analyses of the hydrological characteristics of the two Wadies revealed that, the two Wadies have longest catchment
shape and less tributaries, whereas the two Wadies have (6) orders which means that the amount of water collected by two
Wadies during the rainy season is very shallow, the reason for that is the amounts of rainfall during the rainy season is less
than the average. The areas of the two catchments are (25 km2 for the upper catchment and 24 km2 for lower catchment) as
shown in Figure (10 b/c/and d) below respectively. This interprets the shallow water flow to outlet of the two Wadies.
The information extracted from the analysis of the satellite imagery by means of (LADSAT TM system) provides more
details about the current status of the land use land cover of selected two catchment areas as illustrated in Figure (10 a) below.
The analysis of the land use/ land cover revealed that most of the area covered by bare soil stony and mixed wooded land.
While the most widespread land covers in the two catchments is bare soil along the catchment area, and sand sheet inside the
Wadi bottom.
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Figure 10.Hydrological charactristics in Talkuk Locality (a; Land Use/land Cover, b;Stream
orders, c; Catchments and d; subwatershed

2.1.2.1.6 Land Use Practices System
2.1.2.1.6.1 Farming Systems:
The major farming systems in Talkuk constitute of two types, Nomadic pastoral and agro-pastoral systems
1.

Nomadic Pastoralism: The pastoral zone occupies the eastern and northwestern parts of Kassala state including
Talkuk Locality, Hamashkoreib locality and parts of North Gash Delta. Is bordered by Eritrea from east and Red
Sea and River Nile States from north and the agro-pastoral zone from the south. The zone is situated in the dry
area and is characterized by low rainfalls ranging between 100 to 150 mm. The loss of animals during the
droughts of the mid-1980s has caused a shift towards agro-pastoralism. Pure pastoralism, including the migration
of the entire household with their animals, is no longer generally practiced by the Hadendowa. Rather they are
establishing their camps on the Gash flood plain, around urban areas and centers where emergency food supplies
may be obtained. Male members travel with livestock while the rest of the family remains behind. The other
minor ethnic groups grow field crops and practice intensive horticulture in the Gash Agriculture Scheme and
Adjacent areas where there is groundwater. Three farming systems can be recognized in the Gash irrigation area.

2.

Agro-Pastoral: This system is characterized by reliance on livestock for social status and perceived wealth. A
narrow range of crops is grown at subsistence level on the Gash flood plain and the terminal fan, and in other
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areas such as Gash river flow course to the west where moisture is available after flooding or rains. The system is
traditionally practiced by the Hadendowa tribe. The herd composition is dominated by the cattle that migrate over
the rangeland relying on natural grazing and browse trees after rains. Small ruminants are confined to the areas
around the camps and water points.
Interaction between livestock and crops is limited to grazing crop residues after harvest. Fodder crops are not
generally grown although animals may be let into crops to forage in periods of feed shortage. This can be a source
of conflict and other farmers may retain guards to protect their field crops until grain harvest.

2.1.2.6.2 Livestock Production System:
The major livestock types in Kassala state are goats (1.2 million), sheep (0.9 million), camel (0.5 million) and cattle (0.4
million). The pastoralists migrate with their herds between the khors in the rainy season and the permanent wells in the dry
season. In the dry season they split up into smaller groups in order to the very scarce pasture on the mountain tops. The wet
season pastures are not accessible during the dry season due to lack of drinking water. The wet season pasture forms an
attractive grazing ground because of the good pasture quality and unhealthy climate in southern areas. Therefore, this
natural pasture is the major wet season feed resources. Talkuk area forms part of these resources.
Sheep and goats are kept for their milk and meat. In times of drought they die off faster than the camels but recover faster
too. Some flocks are kept near the camp for everyday use but most are taken far away for grazing, drinking only every
second day. Surplus sheep and goats are sold in the town markets and sometimes exported (or smuggled) into Saudia
Arabia. Camels have been the backbone of pastoralists' economy and culture. Camel milk is their basic subsistence food as
the camel provides milk for many months after calving. Camels also provide meat, skin and fat.

2.1.2.2 Socioeconomic Descriptions
2.1.2.2.1 Population
Most populations of this zone and Talkuk locality in particular are from the different branches of Hadendowa. The
populations of this zone rely on animal husbandry as a main activity. Types of animal resources include sheep, goats,
cattle, and few camels in addition to wood collection (wood and charcoal) and marginal labor such as livestock and
agricultural labor and marginal labor in cities.
Some households cultivate limited areas in Khors in form of trapping run off and Terrace cultivation, but this is not the
main activity because this zone is characterized by low and instable rainfall. During the years when rainfall is high, the
populations cultivate sorghum. Few households own farm lands in Gash. However, the widespread of misquite, as a result
of displacement of citizens who left their farming lands for long periods due to conflicts and wars.
The people in the pastoral zone are most vulnerable compared to the other zones of Kassala State because they rely on
animal resources which are already limited and affected by dry conditions. Other sources of income for the inhabitants
include:




Charcoal and Wood: All the charcoal and wood transported to areas on the main road for sale truck owners or
charcoal traders to supply Kassala and Port Sudan.
Livestock: Cattle are sold to local traders who transport them on trucks to livestock markets in Port Sudan and
Kassala.
Labor: Poor people seek agricultural labor opportunity in Gash while young people migrate to Kassala and Port
Sudan cities seeking jobs.
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Main commodities being brought to the region include sugar, coffee, dates and oil. All these commodities come
from Kassala city as it is the main commercial center for the pastoral zone traders. Fodders are also some of the
main commodities needed by pastoralists for feeding their livestock especially in the dry season.

2.2 The East Gezira area
2.2.1 Location of the Study Area
The area is located in the in the Butana area. Its conditions are almost similar to the northern half of the Butana. The
Gazira state covers an area of approximately 27.6 Thousands km2. The arable land is 6.0 million feddan, 1.5 million
feddans are rain fed agricultural, 1.5 range land, while irrigated agriculture is 3.0 million feddans. The livestock is
estimated as 3.0 million cows, 3.0 million sheep, 2.0 million goats and 0.96 million camels. The rangeland is estimated
as 22% of the total area of the state. The Gazira is part of central clay plain, the soil of the center and south are cracking
clays. The state is flat with 0.01 meter gradient from south to north. The state enjoys good water resources. The rain fall
is low within the range of 100 – 300 mm/annum, received between July to October. The Blue Nile and Rahad rivers are
the main sources of water. The average Temperature varies between 200C in winter to 450C in summer with low relative
humidity. The population of Gazira state is 3.6 million (2008 Census), 463154 of them in east Gazira. The major
environmental problem includes deforestation, soil erosion and over grazing.
East Gezira area, as Butana region, is a flat plain traversed with wadies and have scattered series of low mountains and
hills. It is located between latitude 14◦ 33 and 16◦22‟ north and longitude 33◦33‟ and 35◦33‟ east within the Butana
region (Figure 11). The Buatana is making a rectangular shape surrounded by River Atbara from the northeast, River
Nile from the Northwest, Blue Nile from the Southwest and Gedaref-Kassala Road from southeast. The region is
estimated to be inhabited by 800,000 persons. These inhabitants are mostly nomadic and transhumant camel-owning
tribes while it is populated by agro-pastoralists who practice rain-fed agriculture.
Wad Bugul area, the target of the survey, is located in east Gazira locality, about 65km east Roffa city, capital of the
locality, with an area of 3,706,560 feddans and 10,231 feddans represent Wad Bugul reserved forest. The area lies
between latitude 140 24‟ N and longitude 330 29‟ E, the maximum rainfall amount occurs during August is 121mm,
while the temperature average is 41.20C in May and the minimum is 130C in December –January.

Figure 11. Butana Site location
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2.2.2 Physical Description
2.2.2.1 Climate Description:
The study area exhibits semi-arid climate (100 – 300 mm/annum). The isohyet line of the 300 mm/annum is the border line
between the semi-arid and the savanna zones. A gradual decrease in the monthly and annual rainfall is observed during the
period of 1940 to 2004 in the area (Elhag 2006). The high variability of the rainfall is indicated over 30 year period taking
(1941-1970) as a wet period and (1971-2000) as a dry period. It is dryer at present (IDDRSI 2013). Figure (12) shows the
change of the locations of the 100, 300, and 500 mm isohyets in the Butana area, shifted toward the south by about 89, 46,
23 km respectively between the two 30 year periods (Elhag 2006). This led to a shift in each of the vegetation belt towards
the south by about 100 km taken as average of local people estimates.
The east Gezira has tropical continental climate, an area where evaporation exceeds precipitation and is a hot steppe semiarid characterized by 9 - 11 months of drought (Abu Sin 1970; and Elhag 2006). Temperature is high through the year,
highest (400 C) in April. January is the coolest month with the maximum temperature being 17 0 C. The rainy season in
Butana area starts in June and ends in September, with the peak in August as illustrated at Figure (13). The whole Butana
area experienced recurrent droughts during the period 1968 – 2004 with increasing frequency and severity having the most
severe during 2010 and 2011. The Butana is characterized by low relative humidity especially in winter reaching its
minimum in April and its maximum in August, varying between 16% - 77%.

Figure 12.Isohyets changes in Butana area.
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Rainfall of the year 2014

Rainfall of the year 2015

Figure 13: The rainy seasons of the study area according to five stations
for the years 2014 and 2015 respectively.

2.2.2.2 Geology, Geomorphology and Relief:
The area is generally flat with few outcrops of rocks. It does, however, show a slight inclination from the south west towards
the Blue Nile in the North West and the Nile in the west and the base rock slopes gently from the south to the north and
North West.
Geologically, most of the Butana is underlain by the Basement Complex (Figure 14), with limited Nubian formations and
some superficial deposits. The Basement Complex forms the bed rock throughout the area and is very poor in its water
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bearing capacity. The Nubian formations rest on the Basement Complex and cover over 50% of the area except the south
eastern parts which are dominated by undifferentiated basement complex.
The depth of the Nubian formations varies considerably and it ranges between 30 and 300 meters. They are dominated by
sandstone, mudstone and some gravel. They represent the only water bearing rocks in the area. The riverine clays which
form a narrow strip along the Blue Nile are covered by the alluvium silt. Sand and gravel are found mainly in the northern
and central parts of the area either laid in depressions forming small dunes or on leveled ground, forming long sand sheets
(Qoz or Azaza) (Abdel Ati and Mahi, 1994).
The flat and open nature of the study area has been reflected in the very simple relief structure. The long and successive
periods of erosion (mainly wind) has reduced the whole area to a pedi-plain, most of which less than 500 meters above sea
level. There are very few rock outcrops in the Butana such as Jebel El Ibaitir and Al Gatar with an average height of 200-300
feet above the plain surface (Figure 15a/b/c/ and d) respectively.

Figure 14.Geological formation of study site in Butana area
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Figure 15.Geomorphological and relif factors and charactiristics at study site in Butana locality

2.2.2.3 Soils Description:
According to Figure (16 a/b) and plate No 3, the Gezira state is part of the central clay plain. It is part of a large
uniform superficial deposit of dark cracking clay that belongs to the soil order known as Vertisols with the inclusion
of Aridisols and Entisols. The soils of the Centre and the South are cracking clays (Vertisols). The soil types were
typically those of the clay plain which are characterized by its high heavy cracking clay (clay about 58%). Also it was
described as a high calcareous alkaline soil, with a pH of 8.3. It is low in organic carbon (0.02%), total nitrogen and
available phosphorous and these are the three major fertility constraints.
As mentioned earlier clay soils cover the base rock in most of the Butana. Due to the scarcity of rainfall and limited
downward infiltration, salt concentration is limited to the top sub-soil. Concentration of salts increases from 20% in the north
to 70% in the south where clays are finer and more compact. Soils are generally alkaline and reflect the mode of their
formation. Soils with large particles derived from the soft rocks of the Nubian formations form fragmented sandy soils such
as those in the north, while soils with high concentration of clays from the Basement Complex and Basalt are found in the
south, very fine in texture and dark in color (Abdel Ati and Mahi,1994).
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Figure 16. (A) Soil Map show the main soil classes and (B) Soil Index Derived from
Satellite Image

Plate 3. Shows the soil types and colour of the study site

2.2.2.4 Water Resources Description:
The geology and relief of the Butana are the main factors determining the types and distribution of water resources whether
it is underground, surface or subsurface. The areas where the Basement Complex underlies the solid geology of the area
(almost all the north eastern parts), the water bearing capacity is limited to joints and cracks. At the same time it constitutes
one of the surfaces where easy running of water occurs especially when the top soil is bare and or eroded.
The clays absorb 30-40% of rain water in the top 30 cm in the inter-molecular space which makes it unavailable for tapping.
At the same time it represents the main reservoir for the storage of running water in open storage such as catchments areas
(mayaa') and hafirs. As a result, these open reservoirs represent the main source of water during the dry season in areas
away from the rivers.
The Nubian formations, on the other hand, bear huge amounts of water at varying depths ranging from 30 to 300 meters,
depending on the location relative to the Nile, the thickness of the Nubian formations and the amount of rainfall. Boreholes
are 45-90 meters deep on average, with the water table rising rapidly during the rainy season.
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The Blue Nile that forms the western boundary of study area is the only permanent water sources. Seasonal water courses
include a large number of small khors, mostly flowing to the west such as Wadi Makabrab and Al Hawad in the north. There
is no distinct water divide in the area and all these khors form their own inland deltas. The flow time of these khors varies
considerably both in length and frequency depending on the rainy season, but in general it ranges from hours to a few days.
Un-concentrated wash (unidentified water courses) is also very common in the north western and south western parts.
Washing takes place towards the Blue Nile Rivers forming numerous Mayaas that hold water for months, helped by the
thick clay layers on the surface.
There are four main water sources in the east Gezira plain (Figure 17 and plate No 4 ): The Blue Nile (including irrigation
canals) the seasonal Wadis and khors, boreholes and hand-dug wells, hand-dug and machine-dug hafirs and natural water
sources.
1.

The Blue Nile is the most important and only permanent and cheap water sources in the area for domestic use and
irrigation purposes. It is also the source of recharge for underground water in areas close to the river.

2.

Seasonal water courses (Wadis and khors) with well-defined courses are limited in number with short flow
duration. Yet, they contribute significantly to the feeding of hafirs and subsurface wells and useful potential for
seasonal irrigation.

3.

Hand-dug wells represent another semi-permanent source of water. They vary in depth from 15 to over 60 meters,
and in capacity (zero in summer to 5,000 gallons/day during the rainy season), depending on the formation and the
relative distance from the Blue Nile and the seasonal water courses. The most suitable sites for these wells are
seepage areas and shallow sub-surface water tables in or close to Wadis, where most of the shallow wells are
found. Other good sites are the joints and depressions enclosed by higher grounds or Jebels, and where river
seepage is uninterrupted. Hand-dug wells are mostly associated with khors and Wadis which represent the main
water feeders. Again the depth depends on the size of the khor, the nature of soil, the location relative to the water
course and the slope. In all cases, the variability of rainfall, the temperature level and the distance from the Nile are
determinant factors to the amount of water and water table level. Historically, however, the importance of these
wells depended on the quality of grazing resources in their vicinity. At present, however, with the substantial
increase in permanent settlements and the long drought years, all productive wells became important and play a
significant role in the life of the population.

Boreholes now represent an important source of water around which permanent settlements have developed.
Depths of boreholes range from 30 to 180 meters. Productivity also varies considerably from a minimum of 50
gallons/day /well to a maximum of 13,000 gallons/day, depending on capacity and rate of use. However, a number
of wells have been abandoned because their water proved unhealthy for human and/or animal use.

4.

Natural and man-made reservoirs are another major source of water in the area. Natural depressions (mayaa't) tend
to hold seasonal running water for a relatively long time due to the nature of the dark clay soil. Shallow wells or
jamamas are also dug within or in the vicinity of these depressions and represent a major water source during dry
seasons. Man-made reservoirs or hafirs serve the same functions. In the past the location and size of these
reservoirs used to determine the mobility pattern of the nomadic herds in the area. That has changed considerably
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in recent years due to improvement in transport and increase in size of human and animal populations. Both natural
and man-made reservoirs are vulnerable to water loss through evaporation and more seriously to pollution and
infestation. Hafirs' capacity range from 300-2000 m3 for the hand dug ones (villagers‟ hafirs) to 15,000-3,0000 m3
for the machine-dug hafirs (government hafirs).

A

B

C

Figure 17.Water resources and Drainage system Characteristics

Plate 4: Water system of the study site
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Most of the land use practices in the project area lie in the arid, semi-arid. The majority of the main staple food crops
(sorghum, millet, groundnuts and sesame) are produced predominantly under rain fed conditions with erratic and
unpredictable rainfall. As envisaged by the various land users, the main environmental stress in these areas is water
deficit and heat. Figure (18) shows the water availability in different sites of the area.

Figure 18. Water availability in Butana area
.

2.2.2.5 Land Tenure and Land Ownership
East Gezira lands are owned by the government of Sudan. The government, however, recognizes usufuctury rights of use
including wood collection and animal grazing for residents. Nonetheless, some of the early residents of east Gezira and the
Butana, have by one way or another claimed the ownership of agricultural lands irrigated by the seasonal Wadis.
These groups have maintained claim of land ownership on the basis of continuous use for successive years. In fact that
claim has been practically effective in the transfer of land through inheritance to their descendants. Late comers and
"outsiders" seem to have recognized the rights of use through some means of agreements and traditions. That recognition is
expressed by land users in the form of rent (cash or other forms) paid to the land "owners".
Three main forms of relationships between land users and owners exist:
1. El Dogondi, a cash payment by the beneficiary to the land owner who decides the amount.
2. Awayed which is similar to El Dogondi but the payment is left to the beneficiary to decide on the amount.
3. Okul-Goom (literally meaning eat and leave). This is a right of cultivation given by land owners to users for no
rent. It applies for one season after which the user is expected to leave the land.
Subsistence agriculture generally prevails. In Beldat and Turus cultivation land holdings are small ranging between 5 and 10
feddans but in the Wadi land, plots are much larger. The small size of plots in beldat and Turus lands is mainly a result of
inheritance and land transfer within members of extended family but also partly by the increasing trend of settlement among
the nomads who lost all or most of their livestock during the drought years of the 1980s. The main crop grown is sorghum
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and the dominant varieties are Feterita and mugud which are claimed to store well in Matmuras (an excavated pit in the
ground for storage of sorghum).

2.2.2.6 Farming Systems
Different types of land use systems exist in the region including east Gezira. These are:
a) Traditional Rain-fed Cultivation: For residents who depend on rain-fed arable cultivation, animals meet the
basic domestic needs of milk and meat and form a major source of cash. These groups raise cattle, goats and sheep.
The social attachment to livestock is weaker among these groups compared to nomads. Also the management
systems (reproduction and marketing) as well as the utilization of livestock were more economical than social. Five
types of rain cultivation were practiced: Turus, Wadi, Bilad, Harig and Mahal, the selection of which was
dependent on the amount and pattern of rainfall. Each of these represented a water harvesting technique for the
maximum utilization of rain waters.


Harig cultivation is a form of shifting cultivation in which dry grasses were burnt at the onset of the rains.
The aim is to reduce the labour demand for weeding and improve soil fertility. Harig cultivation is
historical and has declined since the early 1950s because of the development of new farming in area.



Turus cultivation is practiced in the study area (Eastern Gazira) and in the Butana. It is probably the most
important and involves a system of earth embankments to retain water for the longest possible period to
allow penetration. It is a traditional water harvesting techniques and may need more improvement and
integration with trees and animals



Wadi cultivation is restricted to the inland deltas of khors and Wadis. The renewal of soil through
frequent flooding makes it suitable for cultivation. Productivity of dura under this type is much higher
than Turus cultivation due to silt deposition. This system is similar to water spreading but because of
fluctuations experienced in relation to the volume of water, the system requires some management for
water harvesting and integrated approach with trees and animals is required.



Mahal cultivation was even less common than harig. Cultivation was limited to bare lands, mostly on noman's land.



Bildat are defined plots of lands, close to settlements and tend to have proper rotation. This rapidly
expanded with the expansion in the use of tractors in cultivation but has also given way to large-scale
mechanized farming in some areas of east Gezira.

2.2.2.7 Land Cover and Natural Vegetation
The distribution and condition of natural vegetation in Butana in areas far distant from the rivers is mainly a function of
rainfall level and duration. Seasonal khors and local topography also play an important role in this non-uniform pattern of
distribution. Ecologically, Andrews (1948) divided Butana area into two main vegetation zones almost equal in area; the
acacia desert scrub in the northern half (where the study area is located) and acacia short grass scrub in the southern half,
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with a small area of acacia tall grass forests around river Rahad area as illustrated by Plate No 5. These grasses get thinner
and poorer as one moves east and northwards away from the river.
Annual grasses are scattered all over the area and they include gabash, anis and adar while herbs include hantoot, tabar and
sufra while perennial grasses are limited to the river banks. Rainfall variability and, to a less extent land use pattern are,
therefore, the major determining factors in the vegetation cover both in terms of type and density. Seasonal water courses
and soil type also shape the type of vegetation.
Remote sensing data collected by Landsat system (ETM+) sensor was used in this study. Information obtained from the
visible and near infrared bands were used to provide and produce a vegetation index as following: The NDVI takes
advantage of the vegetation reflectance than activities, where healthy green vegetation reflects a high proportion of the
near infrared and light. This advantage was used to detect the presence and condition of vegetation. The single NDVI
image was stratified according to biomass density. Color was assigned to each class and an enhancement process was
performed for the satellite image.

Figure (19) shows the results of the NDVI analysis in Butana area. The obtained map was based on NDVI classification
and re-classification procedures for the year 2016. The green color increases southward and almost (36%) of the study
area show poor vegetation cover. The reconnaissance survey carried through the project site indicates the differences in
occurrence and distribution of the vegetation. The area is sparsely vegetated as a result of the low amount of rainfall,
continuous illegal felling and the unbalanced distribution of grazing use. Using remote sensing technique, five classes
were obtained according to vegetation density variation:

1.

Poor vegetation cover

2.

Low vegetation cover

3.

Moderate vegetation cover

4.

dense vegetation cover

5.

Very dense vegetation cover

Figure 19.Vegetation Cover Derived from the NDVIin the area
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The area is dominated by six types of land use land cover (Figure 20), these are:
1.

Bare area

2.

Crop land (most of this land is cultivated with different types of crops during the rainy season),

3.

Mixed woodland (covered with forest land and open forest),

4.

Seasonal perennial water bodies

5.

Settlements

6.

Shrubs land

Figure 20.Land Use / Land cover types

Plate 5.Shows the Variation in the Acacia Forest and Tree Cove r Types in the Area

The vegetation in the areas is semi-arid composed of relics of small forests and some strips of forests along wadis in
addition to scattered trees and shrubs with annual grasses and limited areas of perennial grasses. Most of these vegetation
types are distributed in areas north of 300 mm/annum. The Acacia forests that form the major perennial type are composed
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of Acacia tortilis, Acacia seyal, Acacia mellifera, Boscia senegalensis and Balanites aegyptiaca on flat land, Acacia nilotica
in wadis and Acacia seysl on wadi surroundings.
The shrubs and trees are the second perennial type of vegetation in the area, including bushy grasses scattered all over the
region found in drier areas northward. Grasses include Schoenefeldia gracilis (Gabash), Sorghum Purpureo Sericeum (Adar)
and Sehima ischaemoids, while herbs include Ipemea cardiosepala (Hantut), Ipomea Cordofana (Taber) and Blepharis
edulis (Siha). The annual grasses and herbs are the grassland area of the semi-arid. These herbaceous plants dominant during
the wet season, but after the rainy season they wither and disappear and only a few species can be seen during the dry
season. During the rainy season the low areas, characterized by in-let drainage, are covered by water for a long time and can
be used as water bodies. Blepharis edulis „Siha‟a a palatable plant that most animals like is an important component of the
range (Harrison, 1955). Because of recurrent drought this plant is shifting southward.

The potential of remote sensing and GIS techniques in providing valuable information to monitoring the current status
of the LULC was explored. Remote sensing data, field data and observations, environmental degradation indicators
such as decline and shortage of rainfall, decline in crop yield and sand dunes formation plus vegetation density
variations were used as indicators and elements to assess natural resources conditions in East Gezira, Butana area.
In order to obtain more information about the current status of the land use land cover pattern and trend in the area, data
from Landsat-8 system (ETM+) sensor dated 22/January/2016 was used. Visual image interpretation techniques (i.e.,
patter, colour, association, texture, etc.) were applied to recognize the current LULC classes in the study area.

2.2.2.7.1 Forests in Butana Area at East Gezira State
The forests in the area are found in two groups:


The Forests Reserves



The clay soils non-reserved natural forests

There are five forest reserves on clay plain in the area (Table 2). People living around these forests reserves depend on
these forests for many products for home use and for income generation. They include Wad-bugul, Alkitra, Um-saeida,
Wad-gudat, Ash-sheikh Wida’a forests (Table 4). The forest land is also under cultivation and conflicts.

Table 2. Forest reserves in the northern Rahad project area, east Gezira
Forest
Wad-bugul
Alkitra
Um-saeida
Wad-gudat
Ash-sheikh Wida‟a

Location
On clay
““ ““
““ ““
“”””
“”””

Area feddan (hectare)
102331 (42979)
13467 (5664.5)
13352 (5608)
18121 (7611)
4874 (2047)

152147 (63900)
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Relative location to project (inside)
40000 hectare (93 %)

2.2.2.7.2 Rahad North Project
The old Rahad agricultural schemes and Guneid sugar scheme are under irrigation while other areas in east Gezira are under
rain fed agriculture. The new Rahad agriculture scheme planned to extend in the north areas of East Gezira contains three
natural forests reserves partially by the proposed project (Table 2). The project is taking over 70% of the land of these five
forests. All the Rahad North Project is located inside Gezira State contained in east Gezira Locality (Figure 21 and 22) under
dry land conditions. It extends in a north south axis east of Rahad and Blue Nile Rivers.

Figure 21.Position of forest reserves relative to the Rahad North Project

Figure 22.Position of Rahad north Project in East Gezira State

2.2.2.8 Range and Pasture
People and their livestock use the land in east Gezira as a major grazing area. Some of them cultivate the “wadis” or the
seasonal water courses particularly downstream areas characterized by high moisture. The cultivated areas are provided
additional pasture to the fodder resources in the area. The naturally occurring grazing lands are referred to as range in a
distinction from pasture associated with cultivated agriculture. In east Gezira area the major part of the land is covered by
natural pasture. Traditional agriculture is limited to small areas along wadis or at wadi bottom lands. The wide range of
rainfall in Butana area (100 – 500 mm/annum; 100 – 300 /annum in East Gezira) and variations in soil, in an area
characterized as dry lands, are associated with a wide range of ecological variation reflected in different habitats and plant
communities varying between depressions, wadis and flat lands. The area has great grazing potentialities provided by the
rich natural vegetation. The vegetation of the area is characterized by a diversity of indigenous plants and tree species
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particularly along the wadis where nine species exist, six acacias and other three indigenous species. The acacias include
Acacia nilotica, Acacia seyal, Acacia mellifera, Accia tortilis, Acacia ehrenbergiana and Acacia nubica in addition to
Balanites aegyptiaca, Zyziphus spina-christi and Maerua crusifolia. The over-grazing and over-exploitation of the land for
agriculture affected the stocking of the vegetation and resulted in disappearance of many of the palatable plant species.
Agriculture and grazing constitute the dominant practice but grazing is of importance for the nomads and sedentary
pastoralists in Butana. The area accommodates nomadic routes and pasture land. During good rainy season and good
range conditions, the nomads concentrate in this part of East Gezira, in the Butana area.
Presently the impact of expanding rain fed farming is becoming clear as can be stated in the following points:
1.

The grazing land declined, and nomads cruise wider areas for limited range resources

2.

Nomadic routes getting narrower (from 2.0 – 5.0 km to between 300 - 500 meters),

3.

Increasing conflict incidents between pastoral groups and large scheme mechanized farmers;

4.

Complete or partial loss of livestock and nomads change to herdsmen and shepherds or settle and work as
laborers.

2.3 The Umm Rimta Area
2.3.1 Location of the Study Area.
Um-Rimta locality lies between latitudes 140 36‟ and 140 49‟ N and longitude 320 05‟ and 320 1‟ E. It is bordered from
the east by the White Nile and from the west by North kordofan state, and from the north by Guetaina. The locality is
about seventy kilometers north of Ed Dueim town. The geographical location of the locality represents a link between
other localities in the White Nile State and other areas where it is connected with roads transportation on ground and
river from the north and south of the country (as shown in Figure 23). The area is connected to Khartoum Dueim and
Kosti by roads along the White Nile. Linking these aspects with the recent development in the White Nile State
including the production and manufacturing industries of sugar, cement, oils, leather, textile and dairy products makes a
clear potential for the locality development.

Figure 23.Um-Rimta location (left) and geographical features (right)
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Agriculture in Um-Rimta like in other north White Nile State is based on land and water for development. Land use
consists of livestock, agriculture, food production, and small scale irrigated and rain-fed farming representing the most
potential opportunities for food security and livelihoods support. Working as labor in farming and industries and raising
small business also represent good opportunities for provision of jobs.

2.3.2 Physical and Human Description:
2.3.2.1 Physical Description
2.3.2.1.1 Climate
The climate is a typical tropical continental characterized by warm dry winters and hot rainy summers. Temperature is
generally characterized by high temperatures for most of the year, with means of 37 oC and 21oC for maximum and
minimum summer temperatures respectively. Rainfall is low in the arid north ≤ 100 mm/annum and semi-arid south ≥
100 - ≤ 300 mm/annum. The rainy season extends from June to October and most of the rains fall during July- August.
The rainy days are on the average 11 – 14 days during July – August with long period of drought as stated by El Duiem
Metrological station. It is envisaged by farmers and pastoralists that the area is getting drier. The average annual rainfall
for Ed Duiem declined from 330 mm (1920-1950) to 248 mm (1960-1995) (Duiem meteorological station, 2005). The
great variation in rainfall is characteristic of arid climate. It is the factor of the rainy days distribution in addition to the
technology of agriculture which affects production.

Relative humidity is low. The mean relative humidity percentage is the lowest in April (10%) and the highest in August
(67%). The mean daily evaporation is highest in April (20.00mm) and lowest in August (10.8mm). This is to be
expected since high temperatures coincide with lower R.H. in April, while in August, cooler and more humid conditions
reduce evaporation. These changing climate factors affect the length of the growing season which creates the main
problem to the production system.

The winds prevail from different directions at different times of the year. The north-east or northerly trade winds prevail
during the winter, whereas the south and south-east winds prevail during the autumn. The dust storms (haboobs) are
common in the summer season. Violent winds occur during the growing seasons which affect crop production unless
protection is provided. In the absence of metrological stations in the area it is difficult to assess real changes occurred.

2.3.2.1.2 Topography and Relief Description
The area is an open flat country. It is traversed by wadies (Wadi Afuo, Wadi Umm Sider and Umm Aoud) and Khors or
seasonal water courses which run in west – east direction towards the White Nile. There are also small scattered hills
i.e. (Elbairth and Masalt). The area directed from the west towards the east (Figure 24) the highest contour found in the
Hill area scattered in the area but general the area is considered as flat within limited range of the contour between 360
to 440 m.

53

Figure 24.Contour of the area, Upper (left) boundaries and geographical features Upper (right)
contour gradient; lower (left) study area boundary within locality (right)
topographical feature

2.3.2.1.3 Geology
Figure (25) shows the geomorphology and water resources in Um-Rimta. The land to the west of the White Nile is
covered by blanket of sand in which occasional localized clay-rich or gravel-rich patches may be encountered covering
the sedentary granular deposits. The Sedentary formation is in wide basin but characterized by its salty water in a 10
meter thick. "Qoz" sand dunes are widely found in the west of the study area (quaternary) (Braun et al, 1991).
Originally the word (Qoz) was applied to the dune –like accumulations of sands (Edmonds, 1942) but later this term has
been used to include the sand sheets as well. The Qoz forms extensive gently-rolling sheets, and fixed dunes. These are
stable where perennial flora exists with height of 20 – 30 meters above the plain surrounding it. The slope goes from
west to east towards the White Nile and the clay fraction increases, due to lower rate of flow of the distributor systems
that deposit the clay. Sand dunes of quaternary age extend as north-south oriented longitudinal dunes covering the
northern and western parts of the area and characterized by inter-dune hollows. A narrow strip of clay extends northsouth in the east. Most of the forest areas located in the Para Schist zone of geological description.
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Figure 25.The Geology Classes in Um-Rimta

2.3.2.1.4 Water Resources Description:
The sources of water in Um-Rimta include rain fall, underground (deep and shallow) in addition to the surface water
that includes the White Nile, wadis, and artificial water bodies (hafeers) and water harvesting plants. The artificial water
bodies (Hafeers) storage capacity is becoming low because of neglect and lack of techniques of water harvesting to
increase harvesting rate, so the bulk of surface water goes to the White Nile as run-off.

The wadis of the area are sparse, flooded with water for short periods between long times during the rainy season (as
shown in Figure 26). They play significant part in contribution to water needs in the locality provided that proper
management is adopted. Because of the dry conditions and violent winds in Um-Rimta area, protective measures are
needed to manage water, prevent sand movement and protect agriculture.

The khors which traverse the semi desert area are shallow lines of surface drainage in which rain water accumulates
through run-off from the adjacent areas during the heavy down pours that occur during the rainy season. Water remains
for a short time while running off or soaks through the loose alluvial unconsolidated material of the Khor bed. This
consists mainly of pale yellowish-white coarse sand and pebbles as most of the area located in this characteristics.

55

Figure 26.The watershed area (upper) and surface water drainage system (Lower) in Um -Rimta
The proportion of finer material in the Khor bed generally increases from west to east, because, as the Khor stream
becomes progressively slower and therefore less capable of carrying its load of suspended material, it deposits first the
coarser and then the finer particles On the Khor terracees, which are subjected to occasional inundation, especially
during heavy rains. Silting may take place. Thus the soil may become richer in clay than the adjacent country which is
not reached by water. There is the big Khor Um-Gantour crosses the study area and most of the agricultural activities
practiced along it.

The lack of water for human consumption, livestock and crop farming has been a major constraint in the arid and semiarid areas of White Nile state specially Um-Rimta area. Water harvesting is used to collect run-off or flood water for
storage in the soil or in tanks so that it can be used for production of crops, trees or fodder and domestic use. Water
harvesting therefore supports the realization of the climate change impact of the study area, it is appropriate for both
rural and urban communities. Rainwater harvesting also contributes to achieving the freshwater and land management
and to the biodiversity through the restoration of water catchment. According to that evaluation, morphometric analysis
has been carried out using in Um-Rimta using GIS and topographic dataset. The objective of the present study is to
analyzed the linear and areal morphometric of the main tributaries of some valleys in Um-Remta area at White Nile
state.
Morphometric

is

the

measurement

and

mathematical

analysis

of

the

configuration of the earth's surface, shape and dimensions of its landforms. Morphometric studies in the field of
hydrology. The morphometric analysis of the drainage basin and channel network play a vital role for understanding the
geo-hydrological behavior of drainage basin and expresses the prevailing climate, geology, geomorphology, structural
etc. antecedents of the catchment. The relationship between various drainage parameters and the aforesaid factors are
well recognized by many workers. The drainage basin analysis is important in any hydrological investigation like
assessment of groundwater potential, groundwater management, pedology and environmental assessment etc.
Hydrologists and geomorphologists have recognized that certain relations are most important between runoff
characteristics, geographic and geomorphic characteristics of drainage basin systems. The objective of the present study
is to analyze the linear and areal morphometric of main Tributaries of some valleys in Um-Remta area at White Nile
state.
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A watershed is an area of land that drains all the streams and rainfall to a common outlet such as the outflow of a
reservoir, mouth of a bay, or any point along a stream channel. This tool will facilitate the performance of the watershed
operation based on a group of specified discharge points, i.e. outlets or target cells. The user must specify the name of a
flow pointer (flow direction) raster, a pour point file (raster or vector), and the output raster.

Hydrological Variables for the Study area
Watershed perimeters were used to measure the length of the perimeter of the catchment area of the selected Wadi in
Um-Rimta Area, which drains all rainfall to the main stream channel (as shown in Figure 26). All other parameters were
measured and presented in Table (3), that to the surface run-off characteristics at the study area. According to the
analysis results which showed that, the drainage density of the selected catchment area is very weak, that can be
interpreted as the water coming to the main drainage system is very shallow, and the rainfall amount and distribution
are very low and non-normal distributed.

Table 3.Parameters of the Selected Catchment area at Um-Remta site
No
1
2
3
4
5
6
7
8
9
10

Parameters
Watershed area (Km2)
Watershed perimeter (km)
Watershed width (m)
Drainage Lengths  (Km)
Drainage density (m2/km)
Bifurcation ratio
Basin shape
Stream Orders
Stream frequency
Ruggedness number

Results
6885.391143
485.286969
195.8
1786.330131
0.259
25.321
1.16
5
0.003
0.0419

Table (3) was used to conclude that the contribution of the Wadi hydrology for the availability of water for the
catchment depends on the rain water, where the total of the drainage density is about 0.259 and the stream frequency is
0.003, which means that there is no enough rainfall in the study area. Yet water harvesting devices can be adopted to
increase the availability of water, as shown at Plate No (6).

Plate 6.Water devices at the study site
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2.3.2.1.5 The Soils Description:
The soil of the area can be classified as in figure 27 and plate No (7) consulting Braun et al (1991),it is described as
follows:


White Nile clays: These contain 60-70% clay and are rather uniform in texture and profile features. This type
of the soil founded along the river White Nile which is used for cultivation of different type of crops.



Nubian Sandstone soils: These consist of a reddish sandy layer overlying ferruginous gravel and calcareous
material. Many of these soils are eroded by surface wash. These soils have been derived from weathering of
the Nubian sandstones. This type of the soil is considered as gardud which covered big part of the area.



Qoz sands: (Aridisols) these are extensive areas of stabilized sands found to the west of the White Nile.



Miscellaneous soils: (Entisols) these are conspicuous but rather minor areas of alluvial and colluvial soils of
very mixed materials occurring adjacent to Wadis and khors.

Figure 27.Soil types inn Um-Rimta

Plate 7. Soil variations within the study site
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2.3.2.1.6 Land Use Land Cover Situations:
The main resource controlling primary productivity for terrestrial ecosystems can be defined in terms of land: the area
of land available, land quality, moisture regime and edaphic character. Despite successful substitution of land-based
resources with fossil fuels and mineral resources, land remains of prime importance (Darwin et al., 1996). Land cover
and land use represent the integrating elements of the resource base. Changes in land cover and land use affect global
systems (e.g. atmosphere, climate and sea level) or occur in a localized fashion in enough places to have a significant
effect (Meyer and Turner, 1992). Land cover is the expression of human activities and, as such, changes with alterations
in these. Hence, land cover is a geographical feature that can form a reference base for applications ranging from forest
and rangeland monitoring, through production of statistics, planning, investment, biodiversity, climate change, to
desertification control.

Land covers classes are defined by a combination of a set of independent diagnostic criteria- the so-called classifiers –
that are hierarchically arranged to assure a high degree of geographical accuracy. Due to the heterogeneity of land
cover, the same set of classifiers cannot be used to define all land cover types. Subset image of the two Landsat-8
ETM+ scenes 173/50 and 174/50 acquired on 2016-01-27 and 2016-01-18, which is considered as the driest month was
used as the data to extract meaningful information about the current land use land cover of the study area. This satellite
image was downloaded free of cost from the USGS Global archive website. The satellite image was processed to
determine the land use/ land cover classes for the study area.

The processed satellite image of 2016 was classified into six classes (Table 4): Agriculture, Bare land, Forest cover,
Reverain forest, urban and water body (White Nile). The results reflected that, the most of the selected site at UmRemta locality is characterized by bare land, agriculture under the arid to semi-arid conditions. Drylands make up 64
per cent of the total area of 22323 km2. Rangelands fall into the largest land-use category, with lands cultivated with
annual and permanent crops representing 3.4 per cent, forest 1.3 per cent. Population growth and urbanization rates
coupled with rising rates of consumption increase the pressure on limited land resources.

The vegetation cover is very rich in the area, especially near the wadi Alsoheeb that comes from north Kordofan and
join the white Nile near Wad Nimir . The area is dominated by Acacia Seyal (Talah), Acacia mellifra (kitter), Acacia
nubica (loat) near the Wadi and Balaitiesaegyptiaca (hejleg). The trees are mainly used by goat, and camels (big herds
are present). Although the area is inhabited by huge settlement, but the communities activities respect the laws and they
consider forest is very important element for their livelihood. The wildlife species present are small bodied species that
live during day in their burrowers while goes out for feed during night. Most of them are omnivorous they eat meat and
negatives matter, twigs, seed, leaves. Rabbits are the major and species that can use the browse material. Due to the
shortage in rain last rainy season , grasses presence was not in good condition .The major species, that has been
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identified during the survey includes Dactylocteniumaegytiom (Abo Asabe), Aristidamutablis (Goo),Brachiariaspp
(Shara),Echinochloacolonum (Defera), Solanumincanum , Solanumdobium (Gabeen).
There are three groups of vegetation cover in Umm Rimta area
1. The first occurs north of rain fall isohyets 300 mm/annum in north of the locality. Trees include; Acacia
mellifera, Acacia radiana, Cerchnusbilfouasassociated with Dankoog, Um-kuaiat, Um-shibailain and annual
grasses. The vegetation is suitable for camel and goats rearing.
2. The second belt falls in the North West areas north of rain fall isohyets 300 mm/annum where Commmiphoraspp
(gafal), Acacia tortilis (seyal), in addition to grasses like AristidasppGaw. This belt is also suitable for camel and
goats.
3. The third belt north east of the locality and north of isohyets 300 mm/annum includes Acacia tortilis (seyal),
MaeruaCmassifolia (Sarha) in addition to short grasses like Aristida spp. The belt is suitable for camels, goats
and cattle. Traditional rain fed agriculture is practices along Wadis, as shown at Plate No (8).
These three zones were very rich in biodiversity and composition but because of droughts and heavy pressure, these
resources are presently degraded. Figure (28a/b) shows forests locations of government owned forest reserves
demarcated with boundaries and subject to management.

Table 4.The Classes of Land Use and Land Cover Areas
Classes

Area (ha)

Agriculture
Rang-land
Forest cover
Reverain forest
urban
water body (White Nile)
Total cover

Area (km2)

Per Centage (%)

1650.68
3235.80
347.38
26.23
37.60
279.18
5576.88

29.60
58.02
6.23
0.47
0.67
5.01
100

Figure 28.Shown the current land use/ land cover for the year 2016 of the
study area
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Plate 8. Vegetation types of the study site

2.3.2.1.7 Present land Use and Human Activities in Umm Rimta:
The practices and land use varied between the following:
1.

The agricultural setup

The White Nile State accommodates both rain fed and irrigated farming dominated by the former under rain fed system.
Traditional rainfed agriculture has rather humble growth while irrigated farming has remained almost stagnant. The
rainfed agriculture is the main farming activity in the area, being mostly practiced on sandy (Qoz), irrigated agriculture
is being practiced in a limited area based on flash irrigation from wadis and water drawn from wells.

In relation to the low rain fall in the locality, the production systems are becoming under vulnerable conditions. Hence a
good management and governance need to be considered. Natural resources are the most affected. The drying
conditions affect cropping system, the range and livestock management system. The rain fall amounts and duration
witnessed noticeable decline and variations particularly north the 300 mm/annum isohyets.
During the rainy season the main activity is cultivation of Sorghum and Millet. The millet crop planted in sandy soil at
the eastern part of the area. Grazing is practiced after recession of the flood, and during the rainy season. People work
as farmers, herdsmen, merchants and laborers. In this respect, the rain fall becomes the most important factor for the
production system in consideration to rainy period and rainy days. Hence it influences selection of crops types, planting
dates and technology.

This pattern has implications for food security as will come later. The rainfed crop mix has sorghum as the major crop,
which together with sesame and millet, form about 97% of the total area under this system. There are also other crops
grown on a limited scale such as groundnut, water melon and guar. Crops there are again dominated by sorghum that
occupies close to three quarters of the area, followed by wheat. Groundnut existed till the late 1970s but has almost
vanished since then. Major food security crops are sorghum, wheat and to a much lower extent millet. These are
indicators of unstable food availability from own production. Yet, the study area produces cash crops, which provide
job opportunities.
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2.

Nomadic Pastoralism

The pastoral zone occupies the western and northwestern parts of The White Nile state including Umm Rimta Locality. It
appears that pastoral activities are concentrated in the upper stream of the watershed area where water and pasture are
available during the rainy season .The loss of animals during the recurrent droughts since mid-1980s has caused a shift
towards agro-pastoralism. Pure pastoralism, including the migration of the entire household with their animals is no longer
practiced by the tribes of the area. Rather they establishing their camps on the Wadis and sometimes shifted to the agropastoral zone towards the White Nile. Male members travel with livestock while the rest of the family remains behind. The
other minor ethnic groups grow field crops and practice other activities in adjacent areas where there is ground water
available. Table 5. Shows the types and number of animals in the study area.

Table 5. The Types and Number of Animals in the Study Area
Animal Types

Umm Rimta

Cow
Cattle

1461591
0430800

Goats

0484740

Camels

0078310

Total

2455441

Source: Ministry of Animal (Dueim and Umm Rimta, 2008)

Nomads Movement in the study area: There are three times of the movement as follows:


Autumn Nomad movement: as shown in Figure 29, this start from July to October at the beginning of the rain
they moved to the west to the Qozz areas where the water is available, which covered the whole area of the
natural vegetation at the Baja, Rahad Alkhail, Nuiema and Jebel Shieh. At the point the nomad meet with the
nomads from Northern Kordufan state (Mainly Kabaiesh and Bazah tribes).



Winter Nomads Movement: It is a journey back home which starts from October to March. During travelling
they use the agricultural crops residues on the way or at the agricultural schemes. The use of the agricultural
fields is based on agreements and rents.



Summer Nomads Movement: It starts from April to June when the pastoralists move to the White Nile and
the areas adjacent to it where the grasses are available; (Badia Island, Alsufi, Khor Mashkoor area and others)

Recurrent drought (1984 to 2007), and changes in the land uses and the deterioration of the ecosystem made
changes in the pattern of nomadic movement and resulted in conflicts between the farmers and nomads.
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Figure 29.Shown the Pastorals movement within the study area

3.

Agro-Pastoral

This system based on farmers who raise animals and supplement grazing with agricultural residues as fodder. A narrow
range of crops is grown at subsistence level on the Wadis and Khor and in other areas such as Wadi Um-Gantour to the
west where moisture conditions after rains support agriculture. The agro-pastoral system is characterized by livestock
management for social status and perceived as indicator of social status and wealth. The system is traditionally practiced
by the Hassaniah and Kawahla tribes. The herd composition is dominated by the cattle in addition small ruminants
confined to the areas around the camps and water points.
Interaction between livestock and crops is limited to grazing crop residues after harvest. Fodder crops are not generally
grown although animals may be let into crops to forage in periods of feed shortage. This can be a source of conflict and
other farmers may retain guards to protect their field crops until grain harvest.
The pastoral system contributes in the economics of the people's in the area as (48%) of the total population rely on it as
the main source of income and food. Also contributes much in agricultural operation finance by selling some of the
animal and use it for agricultural purposes. Also this helps in developing the Diary production. Also animals play the
main role in the business market.
4.

Livestock and fishery:
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Along with crops, livestock is an important livelihood undertaking. The State accommodates about 6% of Sudan‟s
livestock wealth and ranks fourth in the total livestock numbers and livestock density (7.1 TLU/ km2) among the 18
Northern states. Reported information (WFP 2006), however, indicate that livestock ownership is primarily restricted to
resident households who own limited numbers of small ruminants and poultry that nevertheless confer sales to pay for
food and medical expenses. On the other hand dairy farming is expanding in the State and the area is famous for cheese
making especially in and around Eldueim and Um-Rimta towns.
Fishery is another livelihood means for close to 1,500 fishermen in the State. Along with Blue Nile, the White Nile is a
major source of fish among the fish producing areas of the country. Fish is sold fresh or subjected to traditional simple
processing; suggesting that advanced fish processing can offer tremendous opportunities as an additional incomeearning activity. Fisheries are becoming important activities for quite a good number of people in the state and UmRimta locality.

2.3.2.2 Population of the Study Area:
The main tribes living in the area are Hassania, Kawahalla, Hussunat these tribes are dominant in the area use to live
near the river Nile, most of them working with the agriculture and have a land along the White Nile. Also Kababish,
Magalab, Sawarda, and Galieen tribes live in the area; some of them working with animal herd. Table (6) shows the
number of population in the area in relation to all state.

Table 6.Population and administrative characteristic of White Nile State
Locality

Area
(km2)

Population
(2003)

Pop
Density

Rabak

1589

239665

3

No
Admin
Units
151

Kosti
Alquiteina
Aldueim
Um-Rimta
Algabalain
Alsalam
Tendelti
Total

3383
3266
7437
3345
4841
6919
8924
39704

404763
245183
295695
118919
177414
106419
142530
1,730,588

120
75
40
36
37
15
16
44

5
4
4
3
3
5
3
30

No of
Townships

No of
villages

65

73

83

133

23

218

54

71

20
245

86
751

3. Situation Analysis Action Plan towards the Land Integration Management
3.1 The vision
The vision of the study is scaling efficient water and land integration management practices in community based
watershed management approach and land integration management approach in the Talkuk, East Gezira and Um-Rimta
watersheds working at the landscape level with an ecosystems approach. In integrated approach, agricultural sector
must also become climate-smart to successfully tackle current food security and climate change challenges. Sustainable
Land Management (SLM) and climate–smart agriculture is a pathway towards development and food security built on
different pillars:
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Increase water availability, under condition of drought and water scarcity,



Reducing land degradation through integrated resource management (water, trees, range and agriculture)



Increasing productivity and income through improved practices and technologies,



Promote off-farm income generation activities though market access,



Increase the capacity and the potentials of natural resources in the area though integrated systems,



Capacity building at institutions and human levels

Talkuk, East Gezira and Un-Rimata are facing water scarcity because of the low and variable rainfall, limited
underground water and the low productivity of the land. Community based water harvesting activities contributes to
cross-cutting range of development goals in these localities. Working at the landscape level with an ecosystem
approach, combining crops, trees and livestock systems is crucial for responding to the impacts of the current water
storage, land degradation and climate change. Inter-sector approaches and consistently integrated and coordinated
policies across the agriculture, forestry, range, food security issues and climate change mitigation are necessary at all
levels.

Practices of integrated planning at institutional levels to incorporate agriculture, trees and range in agro-forestry and
agro-silvo-pastoral systems are becoming successful practices to solve people needs and face hard environmental
condition. Integrated planning at institutional levels removes conflicts and contradicting practices which at present is
necessary at the three pilot areas. The result of integrated planning brings the land use systems in co-existence on the
same piece of land in agro-forestry with shelterbelts and scattered trees or in sequential in time as in the bush-fallow.
These practices can be incorporated within land use plans that adopt water harvesting and water spreading systems in
the case of Talkuk (section 3.2.1.4) in addition to the use of efficient technologies as drought resilient, short ripening
and high yielding grains and range plants.

Some effective sustainable water and land management (SWLM) practices already exist in the project sites including
water harvesting system in Talkuk (terrace, libish, hafer and wadi management systems) and integrated ecosystem
management (waber) in Um-Rimata where trees and livestock are managed by communities. The existing good
practices need some enhancement (Resource mobilization) and scaling up with modification to be compatible with the
requirements of integrated land use under dry conditions in order to meet the needs of the people according to the
available resources. Examples are highlighted under some cases in some areas where relevant. Building the capacity
and the knowledge base and developing practices of technologies (particularly water harvesting) are important and
useful in enhancing sustainable integrated water and land management.

3.2 Integration of Land Management Approach
The overall objective of this study is to promote sustainable livelihood of local communities to improve living and
preserve the ecosystem safe and productive with high level of natural resources integration. The major goals of the
study can be summarized as below:

1.

Improve the availability of water for development of agriculture, forests, range and livestock,

2.

Improve natural resources management by effectively improving the land cover,
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3.

Control of mesquite in order to make more land available for agriculture, grazing and forests,

4.

Improve productivity of crops and livestock farming,

5.

Promote off-farm income activities;

6.

Enhance institutional capacity through capacity building training at various levels.

7.

environmental awareness among the local communities.

These goal would be fulfilled in an integrated approach of natural resources development and human resources
mobilization taking the defined project site as an area for interventions but to be extended in other areas where good
practices can be reviewed and improved.

Considering the complexity of the different factors and parameters contributing in the proper management of the land
and the resources within the project sites, different approaches need to be implemented to ensure the process of
sustainable land resources management. These approaches are:
The landscape approach: a landscape approach deals with large-scale processes in an integrated and
multidisciplinary manner, combining natural resources management with environmental and livelihood
considerations. It differs from ecosystem approaches in that it may include multiple ecosystems. The landscape
approach also factors in human activities,
Land and Social Adaptive Management: Integrated community based land management requires dynamic
approaches and proper management. As trade-offs need to be negotiated and potential conflicts between different
stakeholders need to be solved, successful outcomes pivot on behavioral changes. To be able to adjust to changes
flexibly, institutional arrangements, such as adaptive management, are required. Adaptive management allows
different components and sub-components, including activities, to be amended or altered at any time in light of
changing resources conditions.

Both approaches are applicable within the project sites and will be adopted where indicate suitability.

3.3 Working with project components and alternatives:
Integration of natural resources (including mainly water, land and resources development) is the key intervention areas
for ecological sustainability and improved livelihoods of the local communities in the Talkuk, East Gezira and UmRimta areas. In addition, control of mesquite will be considered necessary in order to make land available for the natural
resources components particularly in Talkok area. Sustainable water harvesting, spate irrigation (Khor water spreading)
and land management have a central place in enhancing the livelihoods. As seen in figure (plate 9) in Talkok area, in
each khor and in khor micro-watershed, a participatory consultation with target communities has been taken to identify
the actions to implement as well as delivery mechanism to employ in the target area, based on available resources and
relevant information (see plate No 9). Each micro-watershed has different potentials of resources such as soil, forests,
horticulture, range land and other resources. Having integrated institutional planning and capacity working close to each
site and using the plan to integrate all resources together will enhance the outcome from each watershed separately. A
micro-watershed management has its specific management plan in integration that makes each component plays its role
in the sustainable system. Such planning should be based on baseline data and analysis and integration of the land use
plan at the institutional level in coordination and integration of approaches to implement the composite plan. Capacity
building in this area is necessary to develop the culture of coordination between institutions.
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From what is mentioned and with respect to each area, addressing the case as micro-catchment represents the solution
for the problem with respect to land integration and sustainable landscape management and improving the agricultural
productivity while enhancing natural resources development. The intervention work as the following:

Land management: covering soil and water management, rehabilitation of degraded lands, development of
forestry and agro-forestry all targeted at creating sustainable and improved landscape that both limits erosion and
creates a more productive basis for livelihood generation. In this case, a landscape approach solves the problem and
creates an approach for sustainable resource management. Also in this area, capacity building is necessary.
Agricultural productivity: Having adopted a landscape management system, agriculture productivity will come
through implementing advanced techniques of agricultural technologies and tools to increase the production of crop
and save the environment. That is implemented through on-farm resource integration such as agro-forestry, agrosylvo-pastoral, shelterbelts, windbreaks and parklands. In Girgir water spreading project (plate 9 and 10), large area
of crop land was covered by a single crop. Here improvement of agriculture through integrated resources would
require interventions such as shelterbelts or scattered trees.
Institutional capacity building and livelihood diversification: The improvement of institutional capacity to
implement sustainable water and land management would solves the problems and constrains that face proper
implementation of SWLM. Capacity building at institutional level enhances coordination and good planning at
early stages involving all relevant institutes (agriculture, forestry, range, wildlife, NGOs and communities) and will
support market opportunities and communication and will improve social services and enhance income generation.
This approach requires capacity building at institutional and community levels which involves creation of
integration between institutions and improvement of institutional capacity in terms of human resources, transport
and equipments.

3.4 Sustainable landscape management to Improve Natural Resources Management:
The land integration management is part of the Natural resources management. The implementation of this approach
can be carried out through many techniques and people involvement:


At community level, it can be enhanced through establishing villages organizations; 9village Development
Committees) and preparing watershed plans. An integrated watershed development plan will be drawn with
full participation of communities based on preparatory works in the first step. These activities can be
summarized as the following:
o

Preliminary reconnaissance survey to select proper watershed areas such as the area selected for
the forests rehabilitation and agro-forestry plantation at Talkok forest reserve (Figure 5),

o

Establishing and organizing village development committee by community mobilization at the
locality level,

o

Forming and organizing community level development planning team of experienced community
members and natural resources experts,

o

Preparing detailed action plans in a participatory way after prioritization of interventions that
bring change relevant to specific targeted areas and watershed micro plans.
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o

Compilation of all relevant information in order to put a clear and proper plan based on the data
relevant to each project implantation, with emphasizing on monitoring and evaluation of each
one.

o

Capacity building to raise the expertise at community and institutional level who are planning
and implementing

The water harvesting activities includes the development of water harvesting of other aspects as Hafeer and water
harvesting technologies to facilitate collection of water into the Hafeers.

3.5 Water and Land Management Approaches
Sustainable water management is a key entry pointed to integrated natural resources management in all sites of the
SSNRMP. The details of each area will be studied as following:

3.5.1 Talkuk Area
In Talkuk, the area is characterized by dry conditions where the rainfall amount is within 120 – 150 mm/annum. The
area is characterized by basement complex and the main source of the underground water is the shallow boreholes that
have limited amount of water and low recharging. Accordingly the main approach for water availability is the surface
water management, (Sub-watersheds management) and that includes alternating dyke to reduce the water surface
velocity to increase surface moisture and enhance recharging at the shallow underground level. In addition, the
reduction of surface water run-off would enhance water control along Wadi systems that brings water from the Eritrean
highlands to the target area. Construction of small dams along water courses for water spreading will improve soil
moisture and fertility and enhance agriculture, forestry and range development within the integrated system.

3.5.1.1 The vegetation Classification for management Options
The vegetation within the dry land area at the project sites of Talkok are characterized by low cover and low stock in
density, biomass and carbon. However, the option is inclined towards integrated management of the natural resources
components. Forests play an important protective role under the dry land conditions. The forests and trees facilitate
water regulation, make possible erosion control, assist in protection of the agriculture crop against wind effects and
have the character to function as carbon sink. Thus trees and forests are inseparable in the context of land use planning.
Trees and forests are accordingly manageable for protection and production purposes. The range depends on trees and
forests as an important component for livestock husbandry. In addition to the browse trees, palatable plants as annuals
and perennials grow under trees and in open fields in between tree groups particularly under the open woodlands.
Existence of natural bodies and artificially constructed hafeers within the forests constitute important source of water
for both livestock and human. The water harvesting activities includes the development of water harvesting of other
aspects as Hafeer and water harvesting technologies to facilitate collection of water into the Hafeers.

3.5.1.2 Reducing Deforestation and Forest Degradation:
However the tree cover in Talkok is composed of sparse trees and shrubs on flat lands and good stock of trees in lines
along water courses. All the open tree resources are at open access to human use in spite of the existence of laws and
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policies that prevent tree felling without permission and license. Talkok forest is the only forest reserve in the locality
which is registered in the government title in the Sudan Gazette. Deforestation is accordingly a practice that reduces the
forest cover and creates a state of open woodlands. According to the analysis that has been done the open woodlands
constitute (23.9%) of Talkok area extending along Wadis and open woodlands.

Reducing deforestation and forest degradation becomes an important function that can be done through different
approaches. Delineation and sustainable use of protected forest areas as public forest reserve (Talkok forest reserve),
community forest reserve and private forest reserves are examples. In addition, the adoption of integrated agriculture
and forestry in agroforestry system would be an option for increasing forest cover. The 1986 forest policy encourages
these establishments to improve forest cover and supports developing management plan for sustainable management.
These practices have already been applied as part of the SSNRMP but they are not put under integrated management.

3.5.1.3 Talkuk Natural Forest Reserve
Talkuk forest reserve has been under management system contained in the state of ownership being registered in the title of
the Forests National Corporation (FNC). The management practice is limited to control system based on guarding and
patrolling. The forest has never been put under prescribed management plan whether by the FNC or in collaboration with
other institutes since it was reserved and registered. As a result, the forest is open to illegal felling and unplanned ranching
practiced by the local communities living within accessible distances from the forest. It is the only forest reserve in the
locality.
Integrated management within Talkuk Forest Reserve requires collection of baseline data by the FNC in collaboration with
the Range and Pasture Administration and the Wildlife Authority and water authorities to collect data on physical,
biological, social and environmental aspects that facilitate the design of a comprehensive composite management plan to
implement integration of the resources management. The planning would involve:


Rehabilitation plan for the forest to bring the forest into normal stock of trees, biomass and carbon. In this area
people and resources mobilization helps in effective planning and successful execution,



Rehabilitation plan for the range in the forest reserve to include browse trees and range plants in order to
integrate animal resources management with forest management,



Sub-watersheds management

Establishment of water harvesting system within the sub-watershed area where the forest exists was applied and
planting to enrich the forest is approximately (134947.26 ha). The water harvesting includes establishment of Hafeer
inside the forest and in the surrounding area.
The management plan involves division of the forest into working circles and management units including:
o Establishment of production forests for fuel/fire wood production,
o Introduce appropriate energy saving devices such as fuel efficient stoves (Mirt, Gonzie, etc.)


Establishment of nursery sites
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Mesquite Management/Eradication and Improved efficiency in Charcoal Production: Mesquite is a major
invasive tree species competing with indigenous tree species. There is a need to commission a study on the
approach and control for effective management of mesquite. This study has already been assigned to a
consultant by the SSNRMP.

3.5.1.4 Wadi System Management
Under the dry land conditions of the project sites in Talkok, there are valuable trees and forests growing on special
modified sites along seasonal water courses and inlet water bodies (depressions and hafeers) where Acacia nilotica
grows along the valleys slopes and hafeer boundary in large-stemmed, trees forming good stock of forests lines. The
biomass may reach up to 1.0 – 1.5 m3 per tree. This type of rich lines provides protection to the surface water of the
Khors (Plate No 9) and Hafeers and may also contribute in reducing the problem of shortage in wood supply and
contribute in reducing deforestation.
The tree lines along the wadi slopes and the establishment of lines at an angle to extend inside the water course (Plate
9 right) reduce the water velocity and regulate the water running, hence allowing for water control and development of
water spreading projects (Girgir water spreading project plate 9 left). Hence increases the opportunities to rehabilitate
degraded lands where water spreads. The trees and lines of Acacia nilotica have to be successively inventoried and
managed on sustainable basis in order to keep them in existence as an important component of the water management
in the site. The practice can be repeated on other sites of Khors descending from the Eritrean borders to the Gash
River. The dam reduced the speed of the running water along khor hence contributing to flood management of Gash
River and reduce the risk of Kassala city from floods.

Plate 9. Wadi Management System, (source Adil 2015), left the dam, right the Acacia nilotica beltalong wadi.
The water spreading floods 1600 feddan creating crops field on land which received very limited amount of rain
water in the past. Plate (10) shows the model of the area in 2008 as a dry bare area (left end) and the outcome of the
water spreading that facilitaed the developoment of agricultural fields of crops growing on land which is under rain
fall of (120 – 150 mm/annum). The water spreading increased the potential of land for agriculture. Before 2008 the
area had never experienced any crop yield. However, since then high yield of (10 – 12) sacks of grains per feddan are
obtained sustainably (Plate 10 second from left. The water spreading also created an atmosphere for forests
development (Plate 10 second from left) and created water body a hafeer where animals collect (Plkate 10 right).
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Plate 10. Products from integrated land and water management at Girgir dam, Tahadi Wadi, Talkok (left the
bare area model, second left the agriculture crop, right the hafir, livestock and forests, second left
forests and young tree regeneration)

3.5.1.5 Trees of Wadis and Hafirs
Hafeer establishment and Management: Hafeer is a simple hydraulic structure that deals with water harvesting for
provision of water for animal and domestic use. Although hafir is a simple structure, it needs to have proper
components and management that any hydraulic structure requires. These components include feeding facilities,
drainage facilities and leakage control structures. Feeding facilities involve establishment of physical structures to
facilitate directing the water flow into the Hafeer and this provides a lot of water during the rainy time particularly in
Talkuk area where the bulk of water comes from the Eriterian high land crossing the area as flush floods. The time of
the crossing is very short running heavily down each khor. Structures for water harvesting include planting of forage
plants and trees to help as part of the landscape (See plate No 10 left).

3.5.1.6 Resource Mobilization
Integrated natural resources management is usually started at the institutional level where integration involves
coordination to be put in place to bring government and community institutions and NGOs to harmonize activities in the
project site. The on-going project activities in Talkuk are annually planned at each institute of the FNC, RPA and the
Wildlife but they are not based on integration at institutional levels in a composite comprehensive plan. Each institute
has its programme based on sector activities. The range and Pasture administration sets their activities along the wadies
and inside the forest reserve while the FNC concentrate their A/R inside Talkuk forest reserve.

The good practice that can be a successful story is that Girgir integrated water and land management project is based on
resources mobilization where the NGO (Plan Sudan) coordinated with the traditional leaders to mobilize the people for
the benefits of the stakeholders (Plate No 11). All activities of the dam construction and the land preparation are shared
by various stakeholders during the project implementation and in continuation with project management. The land
amounting to 1600 feddans is annually covered by water spreading and is divided into farm units of 4.0 feddans for
each family. The land is annually cultivated using sorghum and millet. The yield per feddan averages 10 – 12 sacks.
The people's role in this practice is to clear the land covered by mesquite and remove the silt from the small dam outlet
in order to prepare the land for cultivation (Plate 11).
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Plate 11.People mobilization (three left) Sorghum field (right)

3.5.1.7 Integration of the Resources
The sorghum crop covers vast areas but is extend as a mono-culture crop (Plate 11 left). The best practice should
involve incorporation of trees in an agro-forestry system of shelterbelts and scattered trees. Similarly, there are various
good practices involving water harvesting which resulted in good grain production. However these production systems
in Talkok area are also lacking integration of trees in shelterbelt (plate No 12 upper left). The two plate (Plate 12 lower)
have very few scattered trees around the water harvesting system and can be increased in the whole area.

A

B

C

D

Plate 12. Shown the various good practice involving water harvesting

Sections (3.2.1.1 – 3.2.1.7) provide concrete examples of the good practices and presents approaches for improvements
to bring the practices into integrated system for the water and the land to rehabilitee the degraded lands and improve the
natural resources. The situations presented to other good practices within East Gezira and Um-Rimta areas are similar
and have situations of practices which require improvements. Sections (3.1.1. – 3.1.4) provide the guides for
approaching for improvement and integration of the resources.

3.5.2 East Gezira st Gezira area (Wad Bogol Forest)
3.5.2.1 Nomadic Animal Husbandry System
Historically, the people of Butana, who own large animals herds used to practice three types of mobility patterns: (1)
Pastoral Nomadism, practiced mostly by nomads who come from outside Butana area and stay during the rainy season; (2)
Transhumance, practiced by Butana tribes that are engaged in a continuous circular mobility, and (3) Nugla, which is a local
term for travelling a short linear distance and then come back to the settlement (fariq, camp or village).
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The severe recurrent droughts and their effect on Butana livestock have reduced the types of mobility to two patterns. The
first pattern comprises those who have lost most of their livestock but still keep some. They became semi-settled and
generally shifted to other occupations such as agriculture, manual labor and trade as new sources of income. They include
some Shukkriya, Khawalda and Batahin tribesmen.
The second pattern is the old Pastoral Nomadism, where animal owners still practice a continuous movement and do not
stay in one place for more than 2-3 months. Mobility does not follow any specific route or direction but the nomads just
hang around sites with good range and sources of water.
Historically, over 70% of the East Gezira population depended on livestock for their livelihood under nomadic and
semi-nomadic conditions. While livestock raising was the centre of the economy for nomads, for the settled population it
was a secondary, yet very important activity for maintaining subsistence. The camel was the most important animal raised
mainly as means of adaptation to the changing environment. Sheep came second in importance followed by cattle and then
goats. Two main seasonal movements were practiced by livestock owners; one is the Nishug between June and August
during the rainy season, mainly from the edges of the Butana to the north and centre in East Gezirath, and the second is
(Damar) during the dry season to the south and the eastern boundaries of Butana, where water range are available.
Dammering centres include rivers, boreholes and surface wells sites. This situation of water availability in south and east
Butana makes the link with the East Gezira in the dammaring and Nishug. Nomads of southern Butana were supposed to be
restricted to the General Grazing Area but they rarely stick to those boundaries. During dry years, frictions between different
groups occur during the period of Nishug and Dammar. During bad rainy years people move very early into their
dammering areas. This early concentration leads to heavy grazing pressure that depletes grass and water that sometimes
forces other nomads move into the east Gezira area and New Halfa schemes to make use of the water and agricultural
residues.
Livestock in either sedentary or transhumant modes is the predominant domain across Butana region. Sheep and goats
are the main animal species. Although Butana cattle breed is famous, it begins to disappear from the area. This is due to
the deterioration of the grazing resources and limited water as a consequence of overgrazing and intrusion of the region
by a large animal population during the rainy seasons.
Productivity of animals is generally low due to poor genetic makeup, poor nutrition bad management practices, and absence
of breeding strategies. In addition, animals enter the Butana from different States and that creates risks of many diseases
regular vaccination campaigns. New practices in herd management include risk avoidance through reduction of stock to
reduce risk of dry season loss, matching births with rainy season, changing species of animal raised, opting for more sales of
livestock during the dry season, changing mobility pattern and combing agriculture, and other occupations with livestock
rearing.
Communal resources in Butana such as pasture and water can only be utilized to the advantage of the owners group (Fariq),
so in most cases the possibility of exclusion of outsiders is more likely when resources are limited. This is another source of
conflict. Tensions sometimes occur between local tribes and other groups from outside. The main reasons behind tension
and conflicts include animal thefts, invasion of agricultural areas by animals, trespassing and intrusion of private residential
areas by "foreigners", misuse of the water resources by incoming nomads and misuse and/or damaging of pasture area.
The Butana is a target grazing area for nomads who move from different regions including Southern Gedarif and
Southern Blue Nile using about eight routes that enter Butana. East Gezira in general and Wad Bugol and Lebaitor Mt.
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are among the destinations of nomads. They go there for using the water points and the land as grazing area. To all of
them, onset of the rainy season represents an important factor that determines the time for starting the seasonal
movement. The nomads start to move towards the Butana early at the beginning of the rainy season. They move along
traditional well recognized routes. They pass through points where there is water (boreholes and hafirs) and pasture that
facilitate their stay for few days before they proceed towards their target destination (north and northwest Butana),
around the Lebaitor Mt. using the forests reserves (Table 4) in that area as rest places, where they spend the rainy
season. Following their routes, these points are either natural water collection areas usually along rivers and Khors at
mountains or locations where boreholes or artificial water collection points (Hafirs) are established.
The nomadic movement is a traditional management system based on seasonal migration as an adaptation system and
rotational management to the grazing areas. Nomads‟ movement to Butana area starts in June/July. The response of the
different categories of the local communities (Nomads, sedentary pastoralists and small farmers) to interviews indicates
that the routes are known since long time and any land use change should have considered these traditions and should
accommodate the resources as range, pasture, forests and water in an integrated approach that is based on local
communities‟ rights of use. Much of the region through which nomads are moving was covered with natural semi-arid
vegetation and savanna woodlands and range constituting an important area for grazing resources that support a large
number of the migratory animals as well as sedentary animals all through the year. However, presently the region
resources need rehabilitation.
One of the problems for the future of the grazing area in east Gezira is the expected land take of Wad-Bugol and other
natural forests reserves by the proposed irrigated project of the Rahad north project area which is going to extend in east
Gezira locality taking 70% of the forests reserves in Table (6). The project covers almost 93% of Wad-Bugul forest
reserve, the major grazing area. The land use practice in this area is based on the agricultural policy set by Gezira State
and controlled by Um-elgura locality. Agriculture plans contains demarcated blocks for agriculture, where each block
contains units of 100 - 400 feddans (40 – 168 hectare). Each unit is allocated for an individual farmer on a contract
basis. According to the contract, the land is under government control and can be confiscated and allocated for any
other use.
Grazing areas are reserved as buffer zones between the agricultural blocks, to be used by nomads as they are moving
through to Butana to north grazing areas. To improve the range, the RPA practice seed dispersion in the area east Gezira
State for range development of the grazing areas. The seed broadcasting activity is practiced manually during the rainy
season in years of good rains. Water points as small pools (hafirs) are developed at regular distances. Because of the
allocation of land for grazing, only limited conflict is witnessed between nomads and farmers. However, with increasing
deviation from the land use plan, more agriculture is expanding and the grazing area reduced.
The pastoral system contribute in the economics of the people's in the area (48% of the total population) they rely on it
as the main source of income and food. Also contribute much in agricultural operation finance by selling some of the
animal and use it for agricultural purposes. Also this help in developing the Diary production. Also animals play the
main role in the business market.
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3.5.2.2 Agricultural Production and recommendation domains actions
The production sector in Butana region can be divided into several domains, which vary in their production and socioeconomic characteristics. Production domains refer to classifying producers into groups of similar circumstances i.e.
groups of farmers to whom more or less similar recommendations can be suggested. The factors that have been
considered in identifying the production recommendation domains are: agro-climatic zones, soil types and type of
cropping, farmer's resource base (farm size and production practices) and some socioeconomic factors.
a.

Terraced cultivation domain;

Traditional terrace cultivation is the dominant crop production system across Butana region and mainly in our targeted
area of the study and practiced for decades. The main purpose of terracing is to reduce water runoff and thereby trap
and hold rainwater to saturate the soil profile. The system is characterized by sorghum mono-cropping, poor cultural
practices. Use of technological innovations such as improved seeds, fertilizers and better implementations have been
limited. Crop varieties used are traditional and of low yield potential but preferred due to their early ripening, resistance
to drought and potential as fodder quality. Gesheish, Abudrera, Karaolo and Dora elsabi are the most popular varieties.
This system is dominated by small holder farmer with a typical household cultivates 7.5 to 15 feddans (1.5 to 3.0
Jaddaas) annually. In July the crop is planted and harvesting is done late September or early October.

b.

Wadies cultivation domain

The Butana is intersected by a series of Wadies or seasonal water streams (Khors or wadies) that end up spreading into
spate area. Following the water receding moisture, the area is cultivated with sorghum (mono-cropping) relying on
residual moisture (Plate 14). Holding of Wadies is more than 100 feddans. Gesheish, Abugrera, Karaolo and Dora elsabi
are the cultivated varieties. Number and the most important seasonal steams (Wadies) in the North West and central
Butana region are described.
Practices in (a and b) improvement by introduction of agro-forestry and agro-silvo-pastoral system but requires capacity
building and awareness razing

3.5.2.3 Project interventions in Integration land Management and crop production
The project interventions in land management and crop production during the last three years can be summarized in:


Improved varieties introduction, demonstration and seeds distribution



Introduction of winter legumes and fruits-based farms in irrigated sector



Improvement of irrigation systems



Terraces rehabilitation



Establishment of some Farmers Field Schools (FFSs) and Demonstration Plots



Introduction and training on water harvesting techniques



Introduction of women vegetable farms



Preparation and use of organic fertilizer and neem tree pesticides



Extension activities
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These improvements are not associated with integrated land and water resources management. Plates (13 and 14) show
vast areas of bare lands without a single tree. The culture of agro-forestry and shelterbelts are neglected in spite of the
hard whether a situation that does not create an enabling environment for improved production.

Plate 13.Bare land following rain fed cultivation with fields having terraces (middle)

Plate 14.Right Wadi cultivation without integrated system, left Fenced hafeer.

3.5.2.4 Natural Forests Reserve.
The natural forests reserves in Wad-Bugul area are confronted with conflict between the local farmers and the FNC.
Recently the Rahad irrigated scheme is proposing an extension to Rahad III north which is taking almost 70 % of the
forests area (Figures 21 and 22 and Table 2). The execution of the irrigated project may solve the forests National
Corporation problem by compensation for Wad-Bugul Natural Forests reserve by allocation of a forest reserve area free
of conflict and suitable for forests and range integrated development and management in the East Gezira area.

3.5.3 Um-Rimta Area (White Nile State)
The departure of precipitation from normal due to climatic differences causes problems because the amount of moisture
in the soil is not meeting the needs of crops and natural structure. Figure 28 provide a clear vegetation classes as
influenced by the rain distribution. The situation brings the major part of Um-Rimta area under natural pasture (Figure
28). These elements of the climate characterize the arid and semi-arid land affected by recurrent droughts and
variability of rainfall amount. The problem is also hydrological because the surface and sub-surface water supply is
below normal. These aspects of droughts become more severe under conditions where ground water is scarce. All these
lead to socio-economic problems, a situation that occurs when physical water shortage begins to affect the standard of
living of people (Saeed and salih, 2004).
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These may cause conflict. One of the causes of conflict is competition for utilization of natural resources, e.g between
farmers and range managers /pastoralists or between originally settled people and displaced persons.

3.5.3.1 Integrated natural resource management in Um-Rimta Area
The major packages of interventions include integrations between sectors and institution to ensure sustainability.
pogramme to increase awareness and capacity building for forestry range and wildlife staff would bring the function of
integrated natural resources management to reality. This is an urgent intervention in the case of Um-Rimta at the
institutional level.
At the field and local levels the water harvesting activities could then be adopted to contribute to improvement of the
development in which all stakeholders participate.

3.5.3.2 Community involvement in Water Activities
In Um-Rimta the underground aquifer is a large basin rich with water but it is salty. There are various community
activities that use shallow underground water along Wadis (Plate 16) and empty irrigation canals (Plate 17).

Plate 15.Wadi Ied Um-Gantour ( ) ايد ام قنطور
Surface water along these lines provides annual recharging and helps people to get their needs of water. However, the
supply by these sources takes short time and may need some interventions to increase the recharging and increase the
time of use.

Plate 16.Shallow boreholes along empty irrigation canal
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The wadi Eid Um-Gantour collects from far in west Sudan and has a 60 Km length through Um-Rimta. Seven natural
forests reserves within the target area are scattered around this wadi. For the wadi, the run-off is very fast and the water
lost in short time. Construction of small dams increases the possibility of control and management of the water which
may facilitate increase of recharge, support the forests, range and agriculture integrated management and increases the
possibility for wildlife management.
For the irrigation canal, the source is becoming inefficient because the pumps need maintenance. An important water
distribution plan in Um-Rimta is Goz Elbeid ( )قوز البيضproject designed to take purified water at a pump station at the
White Nile for which the reservoir completed 2009 has two parts of storage capacity of (a Nile station 5500 M3 and
underground storage station of 1000 M3) and to cover 24 villages by pipelines (Plate 17). The green color pipeline (14
Km) has been installed by 2015 and tested to be successful. The brown line is to be completed.

Plate 17.Goz-Elbeid Project area

The project of Goz Elbeid may serve the area targeted by the SSNRDP by water supply for domestic use and for livestock
within the project area or those moving across the site. It is proposed that the SSNRDP support this water project because it
will be complementary to the SSNRMP but is facing financial constraints. The project document is available and the
remaining part of phase II requires 100 Million USD (Source: present study community data).

3.5.3.3 Natural Forest and Range Reserves
The project site shown in figure 26; repeated in figure 30) indicates the location of the project site covering an area of
10 x 10 Km accommodating seven natural forests reserves, natural range, villages and Wadis put for intervention by the
project. Annual activities include afforestation program conducted by the FNC, range development taken by the RPA
and water locations rehabilitation within villages taken by the project. In all activities the program includes the
community involvement.
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Figure 30 the study area and project site in Um-Rimta, natural forests reserves, wadis and villages are shown,
Elshegaige administrative unit (Plate 19 left) was an important market area for livestock in Um-Rimta locality,
containing all the targeted forests reserves. It contains livestock routes where water points (boreholes) were established
at every 40 Km. Because the water points are neglected and forests and trees deteriorated, the water points were covered
by sand and require rehabilitation and protection against sand drift (Plate 18 right).
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Plate 18.Forests reserves, nomads routes and water points in Elshegaige administrative unit

However, the program execution by the project is not based on integrated interventions involving integrated
institutional activities although they are within the same site. The annual program for rehabilitation of the pilot area has
not been developed as a composite plan over the intervention period which continues up to 2019. The annual program
of the forestry activities is based on seedlings preparation and seeds for implementing the forestry program. The range
program is based on range plants broadcasting by the Range and pasture administration. The two activities, though
accommodated in the study sites, they are not spatially and temporally in co-existence. No integration seems to exist
between the range and forestry institutions in Um-Rimta.
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It is suggested here that a composite plan should be prepared to combine the forestry, range and communities in an
integrated function to accommodate range and forestry in a silvo-pastoral development within the whole area of 10 x 10
km linked in integrated activities in the annually allocate same space and time. The forestry and range institutions have
to have to resolve hidden conflicts and undertake a plan with a view of promoting activities complementarily in order to
achieve sustainability of the integrated system including agriculture and livestock development within the agro-silvopastoral system.

4. Recommendations
4.1 General Recommendation


Water management will include surface water harvesting and spreading to serve land use and human needs,



Water management should accommodate surface water on-farm for agro-forestry, along wadis for resource
development and recharging and within forests and range resource areas for hafirs and boreholes,



Integrated water and land management should be integrated and coordinated at the institutional level and
implementation at the site level and this applies for the three states,



Land management integration involves adoption of integrated agriculture, trees and range in an agro-silvopastoral system and water development within the dry land system,



Under dry land conditions, agriculture yield improvement should be based on comprehensive plan of the use of
varieties which are high yielding, short ripening, drought resilient and at the right planting space,



Range development should accommodate range plants and browse trees combined with water and forestry
development inside forest reserves or in range lands,



The capacity at the institutions and communities for application of integrated land sustainable and water
management is at a low level but differentially at the three site and need intensive plans based on training,
awareness razing and consultation workshops,



The application of integration principles by the SSNRMP should consider projects and activities which are not
owned by the SSNRMP, no matter in which site, and should support them by streamlining within its
coordination system in each of the three sites,



A project coordinator at State level should not perceive the responsibilities of the coordinator as a project
manager or take coordination as a part-time function and that should clearly be noted by the national
coordinator.

4.2 Specific Recommendations


Talkok natural forest reserve should be managed in an integrated forest and range resources for community
services in forest products and range for the local community



Wad-Bugul forests reserves area has been facing historical conflict between the FNC and the local farmer
while the Rahad north irrigated agricultural project has taken approximately 70% of the forests reserves area.
This point should be considered for further plan management.



The seven forests reserves in Um-Rimata area should be managed as forests, wildlife and range resources in
collaboration between the two institutions and the communities to avoid conflicts and to serve integrated land
management,
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5. Integrated Land and Water Management Action Plan
Rehabilitation of degraded lands
Outcome 1. Lands suitable for production
Objective 1.Rehabilitate farmlands through suitable techniques (Integrated resources)
Site
Land rehabilitation
Reports of
Area
Human Resources
with integrated
activities
practices
Talkok
Promotion of
Reports of
1600 feddansd
Resource and people
agroforestry
mobilization and
activities
practices
additional financial
support (seeds and
seedlings)

SDG

50000

Talkok

Creation of
shelterbelts to
farmlands and line
planting to wadis

1000 km

Reports of
activities

Resource and people
mobilization and
additional financial
support (seeds and
seedlings)

70000

Talkok

Promotion of water
harvesting practices

5000 feddans

Reports of
activities

Resource and people
mobilization and
additional financial
support (seeds and
seedlings)

100,0
00

Talkok.

Promotion of
managed natural
regeneration of
range land areas

500 feddan

Reports of
activities

Resource and people
(pastoralists)
mobilization and
additional financial
support (plant seeds
and seedlings)

120,0
00

Talkok

Capacity Building

Number

Reports of
activities

Institutes farmers and
pastoralists

10000
0

Awareness raising
number
and Capacity
building
On-farm shelter belts 500 Km
and line planting
along Wadis

Reports of
activities

Integrated resource
management

200,0
00

Reports of
activities

Resource and people
mobilization and
additional financial
support (seeds and
seedlings)

40,00
0

Reports of
activities

Farmers from Talkok
and East Gezira

70,00
0

East Gezira
East Gezira

East Gezira and
Talkok
(combined)

Training of farmers
on the new
introduced

20 sessions
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localities

techniques
Um- Rimta

Water Harvesting
techniques and wadi
water spreading

On-farm and
along wadi

Reports of
activities

Farm lands and wadis

25000
0

Um-Rimta

Capacity building

Institutions (60)
and
Communities
(90)

Reports of
activities

Institutions and
community

20000
0

Forest and rangeland management
Service and productive forests and rangelands
Objective 2.1. Restore deforested and degraded forest areas
Site
Forest and range
rehabilitation
Talkok

Development of integrated
composite management
plans (Forest and range
Rehabilitation)

Talkok forest
Reserve

Reports of
activities

200,
Resource and people
000
(pastoralists)
mobilization and
additional financial
support (plant seeds and
seedlings) and land
prreparation

Talkok

Establishment of
community forests

12 community
forests

Reports of
activities

Resource mobilization
Willingness of local
communities to
collaborate

150,
000

Mitigation measures:

East
gezira

Development of integrated
composite management
plans (Forest
Rehabilitation)

Wad Bugul
Forest Reserve

Reports of
activities

500,
Resource and people
000
(pastoralists)
mobilization and
additional financial
support (plant seeds and
seedlings) and land
prreparation

UmRimta

Development of integrated
composite management
plans (Forest and Range
Rehabilitation)

Natural forest
and range
within 10 x 10
KM

Reports of
activities

Resource mobilization
Willingness of local
communities to
collaborate
Mitigation measures:
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330,
000

APPENDIX -1
Plates 1-6: Study methodology and data collection.

Plate 1: GPS data collection and Ground Truthing

Plate 2: Meeting with key informants

Plate 3: Soil Data Collection

Plate 4: Site Visit to some new Buildings

Plate 5: Data Collection form the field

Plate 6: Geological Observation in Talkuk Area
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Plate 7-12 Land Use Practices and Activities:

Plate 7: Terraces Cultivation Practices in UmRimta site

Plate 8: Terraces Planation in East Gazera site

Plate 9: Forest plantations in Telkuk site

Plate 10: Agricultural Planation activities in Telkuk

Plate 11: Animal raising in Um-Rimta site

Plate 12: Wildlife in Butana site
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Plates 13-20. Some of the projects interventions

Plate 13: water Hravesting
establishment for water used

by

Hafir

Plate 14: Irrigated Farms by Establishing
Mataras Domain

Plate 15: Water harvesting :terrace to reduce
runoff in Talkuk

Plate 16: Water harvesting :terrace to reduce
runoff in Talkuk

Plate 17: Water harvesting :terrace to reduce
runoff in Umm Rimta

Plate 18: Water harvesting :mataras to reduce
runoff in Umm Rimta
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Plate 19: Water Pumps for drinking in Umm Rimta

Plate 20: Water Mataras for drinking and Animal
drinking in Umm Rimta
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APPENDIXS- 2
Table 10.Summary of the productions recommendation domains in Butana Region
Production
Recommendatio
n Domain
Terraced
cultivation
domain

dominant crop production system across
Butana, Smallholding in the vicinity of the
living compounds

sorghum monocropping/okra in
some areas

Arid, Semi-arid

Wadies
cultivation
domain

Rely on seasonal streams water. Holding
of wadies is large located at far distance
from residential areas.

sorghum monocropping

Arid, Semi-arid

Irrigated

Gravity irrigation using Nile water on
large agricultural schemes (Halfa-Guneid)

sorghum, wheat,
cotton, groundnut,
and sugarcane

Desert, Semi-desert,
Arid, Semi-arid

Rain fed large-scale semi-mechanized

Sorghum and
sesame

Semi-arid

agriculture

Domain main Characteristics

Main Crops
Produced

Agro-climatic Zone

domain
Mechanized
farming domain

farming south of 14°45¯ N latitude and
confined to a long belt across Butana
locality southern borders.

Agriculture
by
small pump-based
irrigation(Riverai
n land) domain

Irrigated cultivation is practiced in a
narrow strip along by pumping water from
Atbra river.

Sorghum, alfalfa,
onion,
wheat,
beans,
onion,
okra,
winter
legumes.

Desert, Semi-desert,
Arid, Semi-arid

Agriculture by
Mataras -based
irrigation

Irrigation is practiced from shallow wells
surface water mataras).Middle or high
terrace areas

Desert, Semi-desert,
Arid, Semi-arid

Flood recession
farming domain
Fruit trees based
cropping system
domain

Flood recession farming in land from the
annual flooding on alluvial soils in Atbra
river basin.
Trees (citrus) are planted in such a way
that sufficient area is left in between for
seasonal crops.

Women‟s Groups
Vegetable farm
domain

Groups of women were organized to
establish their own irrigated vegetable
farms

Household
garden( Gubraka)
Domain

vegetable crops are grown at the
household
yard and irrigated from
rainwater and supplemented from residual
house water .Its area is very small no
exceeding 0.25fed

wheat,
beans,
alfalfa,
onion,
Dura , okra , and
some
winter
legumes
Sorghum mainly
and okra and
watermelon.
Crops such as
alfalfa
are
cultivated among
citrus trees
Vegetables such
as
cucumber,
okra, egg plants
and Clitoris
Vegetables crops
grown
include
okra,
cucurbits,
and some leafy
vegetables

Animal raising
domain

The predominant domain across Butana
region as sedentary or transhumant
production system

Sheep and goats
are
the
main
animal
species.
Cattle
are
becoming minor.

Semi-desert, AridSemi-arid
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Desert, Semi-desert,
Arid, Semi-arid
Desert, Semi-desert,
Arid, Semi-arid

Desert, Semi-desert,
Arid, Semi-arid

Desert, Semi-desert,
Arid, Semi-arid

