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Preface

The future of sustainable agriculture in MENA regions faces many challenges. This
book captures agro-environmental sustainability in MENA regions and provides
ideas extracted from the volume cases. In addition, some (update) findings from a
few recently published researchwork related to the agro-environmental sustainability
covered themes.

Environmental sustainability is concerned with the possibility of protecting and
maintaining environmental resources for future generations. Developing countries
are looking for growth while developed nations are looking for instruments for
post-growth and intellectual development to think about sustainable development
(economically effective, socially equitable and environmentally sustainable). For any
economy that needs progress and development, growth has always been a significant
goal. It is based mainly on the growth of factors of production owing to the enhanced
use of available resources. The MENA region, however, faces a triple challenge:
emerging climate patterns herald a future where water resources lie below sustain-
able levels; rapid population growth is threatening to imperil food security; and over-
reliance on oil is curtailing governments’ ability to act. Nevertheless, water crises
are more acute than in the MENA region. In addition to food security, water scarcity
is the biggest threat to human and environmental security in the region. Droughts,
soil salinity and pollution, land subsidence and rural exodus have been triggered by
the lack and inefficient use of resources. It has also helped trigger conflicts. A major
culprit behind water scarcity in the MENA region is agriculture and food produc-
tion. The situation needs new thinking on sustainability, efficient implementation of
technology and radical transformation of agriculture.

This book holdsmuch promise and potential for agro-environmental sustainability
in MENA regions. It addresses the question of how science and technology can be
mobilized to make that promise come true. Therefore, the intention of the book is
to improve and address the following main theme: water management practices,
diagnosis and new farming technologies, practices for sustainable plant and soil
production, sustainable industry approach, and tourism activities in agricultural area.

The following are the key features for the book:

v
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Part One is an introduction to agro-environmental sustainability in MENA
regions where the editors present a general overview and highlight the technical
elements of each chapter.

InPart Two “Climate Change and Water Management Practices”, three chap-
ters are identified in the book related to water management practices. The first review
chapter treats climate change impacts on water balance in Egypt and opportunities
for adaptations. The second chapter gives an overview of these technologies and its
environmental economics applications. Furthermore, to demonstrate the application
of several wastewater treatment technologies with the high-efficiency treatment of
municipal wastewater in small- and large-scale using biofilm systems with respect
to the application of low-cost wastewater treatment also to reuse the treated wastew-
ater for irrigation purpose as successful case studies from the MENA region. On
the other hand, chapter three covers (i) the use of climatic data for estimating water
requirements in olive trees (cv Meski) in the semi-arid Tunisian (Enfidha); (ii) the
use of the sap flow method to quantify transpiration and water consumption; (iii) the
evaluation of the physiological method according to ET0.

Part Three “Diagnosis and New Farming Technologies” contains five chap-
ters, and different approaches are used to delineate and discuss the new farming
technologies. The first one presents the agrarian system diagnosis in Kerkennah
Archipelago in Tunisia. The second approach represents precision farming tech-
nologies to increasing soil and crop productivity. The third treats the importance of
implementing an environmental information system in data-scarce countries. The
fourth one is related to the green spaces for residential projects as a commitment to
environmental concerns and a sustainable development initiative: design of a peri-
urban park in Casablanca, Morocco. The last approach emphasizes the environment
and sustainable development in the face of coastal artificialization cases of Tunisia,
Morocco and Algeria.

In Part Four “Practices for Sustainable Plant and Soil Production”, several
potential practices for sustainable soil production are implemented in this part. The
first chapter presents the role of Tunisian medicinal plants as antifungal and antibac-
terial potentials for plants diseases control and also antioxidants activity of plants.
The second presents an overview of sustainable agriculture in some Arab Maghreb
countries (Morocco, Algeria and Tunisia) that has become the main economic sector
responsible for multiple environmental impacts. The second developed potential
practice is the possibilities of mineral fertilizer substitution via bio and organic
fertilizers for decreasing the environmental pollution. The third one explains poten-
tial practice which is the possibility of mineral fertilizer substitution via bio and
organic fertilizers for decreasing environmental pollution and improving of sesame
(Sesamum indicum L.) vegetative growth. In the fourth chapter, the author gives an
overview of the animal and rangeland resources in Shalatin—Abou Ramad—Halaib
Triangle Region, Red Sea Governorate, Egypt, to identify the potentialities of animal
and rangeland resources; main constraints and problems that would help in planning
specific strategies for developing animal production in the region and enhancing
local Bedouin’s welfare. While in the fifth chapter, the authors we carried out an
analysis of the collected bibliographic corpus relating to the evolution of the urban
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and peri-urban territories in some of the cities of the MENA, including Morocco,
Algeria and Tunisia and, essentially, in the littoral regions of Morocco and Algeria.

In Part Five “Industrial, Landscape, Touristic and Political Approaches for
Agro-Environment Sustainability”, different approaches are presented.

The fifth part of this book introduced six sustainable industry approaches. The
first one is the sustainable mining site remediation under (semi) arid climates in the
Middle East and in Northern Africa. Then, two study cases are presented in this part
emphasizing on the value of using trees as a key element in the sustainability of cities,
and the second explains how urban extension can modify the agricultural landscape
of a coastal region. In both research studies, the landscape analysis approach is used.

The fourth approach is related to the interchange between agriculture and tourism
in Tunisia in the context of sustainability. The fifth approach is the climate factors
affecting sustainable human and tourism comfort in Egypt. Sustainable tourism is the
application of sustainable development ideas to the tourism sector, that is, tourism
that meets the needs of the existing generations without compromising the ability of
future generations to meet their own life needs. In the last chapter, authors review
the 2030 Agenda as a blueprint for water and ecosystem services in the context of
agriculture with an interesting comparison between policies in both EU and Egypt.

The last chapter in this book (Part Six) is the conclusions and recommenda-
tions of the book. The chapter presents an update of the most recent findings, the
most significant conclusions and recommendations of the chapters contained in the
volume.

The editors (Mohamed Abu-hashim and Abdelazim Negm) acknowledge the
support of the Science, Technology, and Innovation Authority (STIFA) of Egypt
in the framework of the grant no. 30771 for the project titled “a novel standalone
solar-driven agriculture greenhouse—desalination system: that grows its energy and
irrigation water“ via the Newton-Mosharafa funding scheme.

Additionally, the editors are happy to acknowledge the contributions of all authors
to make this book a great source of knowledge for the MENA regions countries on
the level of researchers, graduate students, stakeholders and decision planners. We
hope it helps the MENA regions countries to move forward towards sustainable
development to achieve the related SDGs goals.

Moreover, the editorswant to extend their thanks to the Springer teamwhoworked
hard for a long period to produce this unique book and made the authors’ and the
editors’ dream a reality. Special thanks are due to Andrey Kostianoy and Alexis
Vizcaino.

Last but not least, The editors love to close this preface by requesting feedback
from the researchers’ and professionals’ communities and from all audiences as well
to improve the next editions. Also, new chapters for next editions are welcomed.
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Please send your feedback and your constructive comments and/or your new chapter
to the editors via email. The emails are posted in the chapters.

Zagazig, Egypt
Sousse, Tunisia
Zagazig, Egypt
October 2020

Mohamed Abu-hashim
Faiza Khebour Allouche

Abdelazim Negm
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Introduction to “Agro-Environmental
Sustainability in MENA Regions”

Mohamed Abu-Hashim, El-Sayed E. Omran, Faiza Khebour Allouche,
and Abdelazim Negm

Abstract In this chapter, the book titled “Agro-Environmental Sustainability in
MENARegions” is introduced. In addition to two chapters in the sectionConclusions
and this chapter, the book consisted of 19 chapters, which entirely included 17 chap-
ters. The 17 chapters fall under four themes. The themes include (a) Climate Change
and Water Management Practices and covered in 3 chapters, (b) Diagnosis and New
Farming Technologies and covered in 5 chapters too, (c) Practices For Sustainable
Plant and Soil Production which is covered in 3 chapters and (d) Industrial, Land-
scape, Touristic and political Approaches for Agro-environment sustainability which
is covered in 6 chapters.

Keywords Water resources · Agriculture · Environment · Sustainable
development · Farming · Best practices · Technologies · Production · Crop

1 Background

Agro-Environmental Sustainability in MENA Regions is one of the main critical
issues for enhancing developing countries. Developing countries are looking for
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growthwhile developed nations are looking for instruments for post-growth and intel-
lectual development to think about sustainable development (economically effective,
socially equitable, and environmentally sustainable). Natural agricultural resources
are at the heart of sustainable development in MENA regions and are critical to
socio-economic growth [1, 2]. This book demonstrates the efforts made in agro-
environmental sustainability in the MENA regions (in terms of observations and
suggestions) and presents ideas that have been derived from the volume cases.
Furthermore, the conclusions from the recently published study and governmental
works on agro-environmental sustainability related to the topics discussed in the
book (see e.g. [1, 3, 4]). This book presents a collection of guidelines for resource
safeguarding to the current problems facing agro-environmental sustainability in
MENA regions. Environmental sustainability is concerned with the possibility of
protecting and maintaining environmental resources for future generations [5–7].
For the country that needs progress and development, growth has always been a
significant goal, which is based mainly on the growth of factors of production owing
to the enhanced use of available resources [6, 8, 9]. MENA region faces a triple chal-
lenge: Emerging climate patterns herald a future where water resources lie below
sustainable levels [10–12]; rapid population growth which threatening to imperil
food security [13] and over-reliance on oil that curtailing governments [9] ability to
act. In addition to food security, water scarcity is the biggest threat to human and
environmental security in the region [10, 14]. Droughts, soil salinity and pollution,
land subsidence, and rural exodus have been triggered by the lack and inefficient use
of resources [15]. It has also helped trigger conflicts [16]. A major culprit behind
water scarcity in the MENA region is agriculture and food production [1, 16]. The
issue needs creative thinking in terms of growth, effective technology deployment
and revolutionary agricultural transformation. This book offers much promise and
potential in MENA Regions for agro-environmental sustainability. This book deals
with the issue of how to integrate science and technology to make the promise come
true. Environmental sustainability is concerned with the possibility of protecting
and maintaining environmental resources for future generations [17]. USDA [2]
mentioned that developing countries are looking for growth while developed nations
are looking for instruments for post-growth and intellectual development to think
about sustainable development (economically effective, socially equitable, and envi-
ronmentally sustainable). For any economy that needs progress and development,
growth has always been a significant goal. It is based mainly on the growth of factors
of production owing to the enhanced use of available resources [1]. The MENA
region, however, faces a triple challenge: Emerging climate patterns herald a future
where water resources lie below sustainable levels, rapid population growth is threat-
ening to imperil food security; and over-reliance on oil is curtailing governments’
ability to act [17]. Nowhere else is the water crisis more acute than in the MENA
region. In addition to food security, water scarcity represents the biggest threat to
human and environmental security in the region [18–21]. Droughts, soil salinity and
pollution, land subsidence, and rural exodus have been triggered by the lack and
inefficient use of resources [22, 23]. It has also helped trigger conflicts.

The book’s intention is, therefore to improve and tackle the followingmain theme.
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– Climate Change and Water Management Practices.
– Diagnosis and New Farming Technologies.
– Practices for Sustainable Plant and Soil Production.
– Industrial, Landscape, Touristic and political Approaches for Agro-environment

sustainability.

The summary of the objectives of the chapters under each theme will be presented
in the following section.

2 Summaries of the Book Chapters

2.1 Climate Change and Water Management Practices

In this part, three chapters were displayed related to water management practices,
policies and climate change. The first chapter assessed the impacts of climate change
on water balance in Egypt and opportunities for Adaptations. It presents a review
of the findings of recent studies related to the impact of climate change on water
balance in Egypt and discusses the proposed adaptation measures for such impacts.
The second chapter displayed an overview of the decentralized wastewater treatment
technologies using biofilm technologies. The study showed that the implementa-
tion of several biofilm technologies with the high-efficiency treatment of municipal
wastewater on a small and large scale to reuse the treated wastewater for irrigation
purposes was successful. The third chapter in this section is devoted to the esti-
mation of the olive orchards’ water requirements using climatic and physiological
methods in Tunisia. That is when there is a lack of irrigation water, supplemental or
supplemental irrigation is necessary to increase crop production significantly.

2.2 Diagnosis and New Farming Technologies

The second part of this book consists of five methods that are used to delineate and
analyze the evolving agricultural developments. The first approach is the agrarian
system diagnosis in Kerkennah Archipelago, Tunisia. The agrarian system is the
theoretical expression of a form of agriculture that is traditionally constituted and
geographically located, consisting of a featured cultivated ecosystem and a given
productive social structure. This allows the sustainable exploitation of the corre-
sponding cultivated ecosystem. The second approach is the precision farming tech-
nologies that applied to increase soil and crop productivity. In precision farming
(PF) or Site-specific land management (SSLM), the farm field is classified into
“site-specific management zones” depending on soil pH, yield rates, pest invasion,
and other factors that affect soil and crop production. The third potential practical
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approach is implementing an environmental information system in data-scarce coun-
tries: issues and guidelines. Integrating the environmental dimension into socio-
economic development strategies has become a requirement for sustainable devel-
opment. The aim of implementing such an environmental information system (EIS)
is to develop an integrated framework for the storage, production, management, and
exchange of environmental information in a decision-making perspective.

The fourth approach is related to the green spaces for residential projects as a
commitment to environmental concerns and a sustainable development initiative
in Morocco: Design of a periurban park in Casablanca, Morocco. Morocco has
embarked on a long process of modernization of the territorial administrative organi-
zation and its adaptation to the current political, economic and social context while
gradually introducing a decentralization that will allow a rapprochement between
the administration and the local authorities. The fifth approach is the environment
and sustainable development in the face of coastal artificialisation: Case of Tunisia,
Morocco and Algeria.

2.3 Practices for Sustainable Plant and Soil Production

The third part of this book introduces three potential practices for sustainable
soil production. The first potential practice is sustainable agriculture in some Arab
Maghreb countries (Morocco, Algeria, and Tunisia). Agriculture has changed funda-
mentally and overtime has become themain economic sector responsible formultiple
environmental impacts. The second potential practice is the possibilities of mineral
fertilizer substitution via bio and organic fertilizers for decreasing environmental
pollution and improving of sesame (Sesamum indicumL.) vegetative growth.Mineral
fertilizers are expensive, not easily available, and increasing its doses about plant
needs leading to environmental pollution. Possibilities of partial or complete substi-
tution of mineral fertilizer via bio and organic fertilizers were assessed for improving
the characteristics of sesame vegetative growth and contributing to decreasing
environmental pollution.

The third potential practice gives an overview of the animal and Rangeland
resources in Shalatin—Abou Ramad—Halaib Triangle Region (SAHTR), Red Sea
governorate, Egypt. Shalatin—AbouRamad—Halaib Triangle Region (SAHTR) has
vital and strategic importance to Egypt. Due to a combination of severing long-lasting
drought and loss of access to traditional grazing area has dramatically undetermined
the continued viability of their nomadic pastoralist way of life. The aimof this chapter
is to present the author’s observations and findings on animal and natural resources
in the Shalatin—Abou Ramad—Halaib Triangle Region (SAHTR) to identify the
potentialities of animal and rangeland resources; key constraints and problems that
would help to prepare specific strategies for improving the region’s animal production
and enhancing the welfare of local Bedouins.
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2.4 Industrial, Landscape, Touristic and Political Approaches
for Agro-Environment Sustainability

The fourth part of this book introduced six sustainable industry approaches. The first
approach is the sustainable mining site remediation under (Semi) Arid Climates in
the Middle East and in Northern Africa. The second approach is the agricultural
landscape of Sahel Bizertin: A Heritage in Peril. The landscape with harmonious
and consistent relations between human activity and preserved nature is an essential
competitive advantage. The Sahel of Bizerte is rich in heritage and landscape identity
reflecting the evolution of the human occupation of the territory. The heritage value
of the landscape is mainly due to time. The third approach is the urban tree: a key
element for the sustainable development of Tunisian cities. Green spaces are an
essential element for the aesthetics, setting and quality of life of a city. They help to
ventilate the cities and must be considered as the lungs of the city. They are places of
relaxation, walk, rest, games for the youngest, sports fields for all ages. It was about
to see the short history of the introduction of the tree in urban areas in Tunisia and
especially in the city of Tunis. The tree that was having a role only for now is having
an ecological ornamental role and even symbolic.

The fourth approach is related to the question: What prospects for sustainable
tourism development in Hergla (Tunisia)? Hergla is an old farming village located
on the eastern coast. Tourism is affected by a tight transformation aimed at a develop-
ment that is inevitably more sustainable. Tourism development is part of global land
management, which integrates local actors. Indeed, “the concept of sustainable land
management (SLM) offers solutions that go beyond technologic recommendations
by including aspects of social participation and policy dialogue”. The fifth approach
is the climate factors affecting sustainable human and tourism comfort in Aswan
Governorate. Sustainable tourism is the application of sustainable development ideas
to the tourism sector. The tourism industry, which is mainly an outdoor economy,
can be particularly vulnerable to climate and weather effects. Climate and its various
components influence directly on the human body and its social and psychological
life. Because the place chosen by the tourist must have adequate climatic and envi-
ronmental conditions for his movements and needs, which is different from the place
where he lives, therefore, the elements of climate are one of the most important
natural geographical components on which tourism is based.

The six approaches is the agri-environmental policies: Comparison and critical
evaluation between EU and Egyptian structure. The transformation of the agri-food
system has become a priority for achieving the Sustainable Development Goals.
Agricultural transformation is believed to be vital for achieving a sustainable future
and being able to contribute to the achievement of several SDGs. In the European
Union (EU), 39% of the total land area were being used for agriculture in 2016,
yet only 4.2% of the population worked in the agricultural sector at the same time.
In 2017, agriculture contributed to just 1.7% of the gross domestic product (GDP).
In Egypt, however, agriculture is the largest employer providing income-generating
activities to more than 30% of the workforce. The Egyptian agricultural sector plays
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a central role in Egypt’s economy as it accounts for 14.5% of the GDP., although the
estimated land under agricultural use consists of only about 2.5% of the country´s
total area (24,960 km2 of 1 million km2).

The book ends with the conclusion section which summarizes the most important
conclusions and recommendations of the book and a concise update of the book
themes.

Acknowledgements Mohamed Abu-Hashim and Negm acknowledge the support of the Science,
Technology, and Innovation Authority (STIFA) of Egypt in the framework of the grant no. 30771
for the project titled “a novel standalone solar-driven agriculture greenhouse—desalination system:
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Climate Change Impacts on Water
Balance in Egypt and Opportunities
for Adaptations

Tamer A. Gado and Doaa E. El-Agha

Abstract Climate change has altered the hydrological cycle by increasing temper-
ature, rising sea level, and changing precipitation patterns in many regions of the
world. Egypt faces several serious risks from climate change that could reduce water
supplies and adversely impact agriculture, economy, human health, and ecosystems.
Thus, a dynamic adaptation strategy should be considered and updated periodically
according to acquired knowledge to reveal current uncertainties. In this work, recent
studies of climate change impacts on Nile water resources, sea level rise, ground-
water, precipitation, evaporation, evapotranspiration, and temperature are revisited
for providing helpful literature for future studies in Egypt. Furthermore, the proposed
adaptationmeasures for such climate change impacts are discussed to come upwith a
robust adaptation strategy for Egypt. The results of the various studies concerning the
climate change impact on Nile flows indicate considerable contradictory projections
about the future availability of Nile water. Thus, studies for proposing and evaluating
several adaptation measures for both the optimistic and pessimistic scenarios of the
Nile flow still needed as most of the adaptation measures mentioned in the litera-
ture are general, descriptive, and not quantified. Studies about the climate change
impacts on rainfall, evaporation, evapotranspiration, and groundwater quality and
quantity are still limited in Egypt. In addition, research related to improved early
warning and prediction, rainfall harvesting techniques, seawater agriculture, salt and
tolerant crop varieties, and modern irrigation techniques are essential to cope with
future challenges caused by climate change. The review suggests that further inves-
tigation is needed to evaluate the possible climate change scenarios of different
hydrometeorological processes affecting Egypt’s water resources.
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1 Introduction

In the past few decades, the evidence on the rapid warming clearly noted through
monitoring the historical global temperature data by several international science
institutions (Fig. 1).Most climate scientists indicated that the current global warming
trend has become significant, as the planet’s average surface temperature has
increased about 1.62 °F since the late nineteenth century due to the human expansion
of the “greenhouse effect”. Although industrialized nations are primarily responsible
for this phenomenon, the costs of climate change (CC) will be borne most directly
by the developing countries.

Temperature is the most impacted climate variable by CC. Increasing temperature
affectswater vapor concentrations, humidity,wind speed, cloud characteristics, evap-
otranspiration rates, precipitation, soil moisture, and snowfall and snowmelt regimes.
Meanwhile, changes in precipitation affect the rates of groundwater recharge, the size
and timing of floods and droughts, and surface runoff regimes. All these factors are
crucial for water resources management; accordingly, CC has severe effects on water
resources in many regions in the world.

As shown in Fig. 2, the Middle East and North Africa (MENA) region is among
the most water-scarce regions worldwide [1, 2]. The freshwater availability declined
from 990 m3 in 2005 to 800 m3 in 2015 [3] and expected to reach 600 m3 per capita
by 2050 which is much below the poverty index (1000 m3/capita) [4]. The weather
in MENA varies predominantly from arid to semi-arid, as vast zone characterized
by very low and highly variable annual rainfall, and a high degree of aridity [5].

Fig. 1 Global temperature data from four international science institutions (http://climate.nasa.
gov/evidence/)

http://climate.nasa.gov/evidence/
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Fig. 2 Projected water scarcity in 2025 [7]

Moreover, the water scarcity in the region will be exacerbated by vastly increasing
population as it is expected to double by 2050, to nearly 450 million [6].

The MENA region is highly vulnerable to CC due to social, economic, and envi-
ronmental conditions [8], which puts more stress on water resources that affect both
the agriculture sector and the environment. According to World Bank [9], most agri-
cultural areas in MENA depend mainly on rain-fed agriculture and 60% of the popu-
lation lives in surface water-scarce areas, which means that the region is extremely
vulnerable to changes in temperature and precipitation. Thus, understanding the
threats from CC is crucial to formulate policies and rectify strategies to lessen the
risks [10, 11]. Modeling studies recently reported that the MENA region will face an
increase in the surface temperature of 2–5.5 °C along with a decrease in precipitation
by less than 20% by the end of the twenty-first century, that will cause high rates of
heatwaves and extreme weather events [9].

Egypt is facingmajor challenges because of its limitedwater resources and rapidly
growing population. Water use per capita has decreased from 2200 m3/capita/year
in the 1960s to 570 m3/capita/year in 2018, and it is projected to be only
324 m3/capita/year in 2050 (Fig. 3). Thereby, CC is projected to cause even greater
concerns throughout the country, with severe environmental, social, and economic
implications. The current water availability in Egypt is insufficient to address the
required water demand for agriculture, industry, domestic use, and others, where
transboundary water agreements commitments do exist. Moreover, the threats of
reducing the share of the Nile in Egypt arise due to the development plans in the
upper Nile Basin countries. It is worth mention that CC can provide challenges and
opportunities for the Nile River Basin (NRB) countries to collaborate for reducing
the adverse impacts of CC.
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1960 2000 2018 2037 2050
Population (million) 25 62 97 140 170
Nile Water Availability

(m3/capita/year) 2200 887 570 392 324
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Fig. 3 Decline of freshwater availability per capita in Egypt (Data source MWRI [12])

In view of the previously mentioned issues, the purposes of this chapter are to (1)
review the findings of recent CC impact studies on water balance in Egypt; and (2)
discuss the proposed adaptation measures for such CC impacts.

2 Study Area (Egypt)

Egypt is in the North East of Africa, between 22° and 32° latitude and 24° and
37° longitude (Fig. 4), with an overall area of approximately 1 × 106 km2, and a
population of 99 million until 5 September 2019, as stated by the central agency for
public mobilization and statistics (http://www.capmas.gov.eg). The altitude varies
from −133 m (the Qattara Depression) to 2629 m above the sea level (Catherine
Mountain in Southern Sinai), with an average of 306 m above the sea level [13].
Egypt’s coastline extends for around 1200 km along the Mediterranean Sea in the
North and about 1000 km along the Red Sea in the East [14]. Geomorphologically,
Egypt can be classified into four regions [13]: the western desert, which represents
about 68% of the total area of Egypt, the Nile valley and the delta (4%) which
considers the country’s most populated lands; the eastern desert (22%); and Sinai
Peninsula (6%). Major urban cities, commercial center, and industrial activities are
confined to the narrow corridor along the Nile and its delta and a narrow strip along
the Suez Canal and Red sea Coast. Therefore, Egypt is extremely vulnerable to
any potential impacts on its water resources and coastal zones due to very special
distribution of its population, land-use and agriculture, and economic activity.

Egypt has four seasons: summer (21 June–22September), autumn (23September–
20 December), winter (21 December–20 March), and spring (21 March–20 June).
Generally, the climate of Egypt, as a semi-arid country, is characterized by a hot dry

http://www.capmas.gov.eg
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Fig. 4 Map of Egypt with DEM (modified after Gado and El-Agha [15])

summer and a mild winter with little rainfall. According to the Egyptian Meteoro-
logical Authority (https://www.emaeg.org), the temperature in the coastal regions,
located in the north, ranges between around a minimum of 14 °C in winter and a
maximum of 30 °C in summer. Going to the south, temperature varies widely, espe-
cially in the desert in summer, when it ranges from 7 °C at night to 43 °C during the
day. In winter, temperatures vary less significantly, but they can reach 0 °C at night
and as high as 18 °C during the day. Egypt has areas with strong winds, particularly
along the coasts, with an average annual wind speed of 8.0–10.0 m/s along the Red
Sea coast, and about 6.0–6.5 m/s along the Mediterranean coast [16]. The annual
rainfall ranges between 200 mm in the north coast to almost zero in Upper Egypt
[16, 17].

3 Climate Change

The greenhouse gases (GHGs) act as a thermal blanket for the earth absorbing heat
and warming the surface to an average of 15 °C [18]. It consists of water vapor,
carbon dioxide, nitrous oxide, and methane. Too much carbon dioxide (CO2) and
other GHGs in the air are making the greenhouse effect stronger; and thus, the earth
gets warmer. Indeed, human activities (e.g., the burning of fossil fuels like coal and
oil) have raised the level of CO2 in the atmosphere from 280 to 400 parts per million
in the last 150 years; and the average surface temperature of the planet increased by
0.60 °C during the twentieth century [8]. Hence, most climate scientists conclude

https://www.emaeg.org
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that the main cause of the current global warming trend is human expansion of the
“greenhouse effect”, and they have high confidence that global temperatures will
continue to rise for decades to come, i.e., the average temperature increase by 2100
could be in the range of 1.4–5.8 °C [8].

Intergovernmental Panel on Climate Change (IPCC) has observed that any change
in climate variables related to global warming is affecting the regional hydrological
processes [19]. Precipitation and temperature are considered the main factors of
hydrological processes that are anticipated to change [20], and the variations of
these two factors are the key measures of CC. The temperature increase has severe
impacts on different aspects such as melting ice, sea level rise, extreme events, and
diseases associated with high temperatures. Consequently, there is an urgent need to
study the various effects of temperature changes in different regions in the world by
using available climate models [21].

In the MENA region, the temperature has significantly increased more than the
global average, e.g., in Iraq, the temperature is increasing much faster than the global
average rise [22]. Egypt, as an arid country, is extremely vulnerable to the impacts
of CC, thus, many studies have been recently concerned with spatial and temporal
temperature changes in Egypt, as shown in Table 1. Most of the studies indicated a
substantial increase in temperature over the past few decades. For example, Hasanean
and Abdel Basset [23] investigated trends of the average temperature at 19 stations
for the period of (1905–2000), and the results revealed that summer temperature
had striking increasing trends during the last 20 years. Nashwan et al. [24] indicated
rising trends in some temperature extremes from 1948 to 2010. By investigating
temperature trends at 40 stations, El Kenawy et al. [25] showed that the frequency,
intensity, and persistence of warm extremes have increased significantly during the
period (1983–2015). However, further investigation is essential to evaluate the IPCC
scenarios in order to have a comprehensive assessment of the impacts of the CC on
different hydrometeorological processes in Egypt.

3.1 Climate Models

An important step in CC impact studies is to predict climate data in the future via
Global Climate Models (GCMs) or Regional Climate Models (RCMs). Then, the
outputs of these climate models are used in hydrological models, which are cali-
brated by using historical hydro-meteorological data, to predict future water avail-
ability. Thus, GCMs and RCMs have become very important tools to describe and
predict different hydrological processes (e.g., precipitation and evapotranspiration).
GCMs are numerical models that reasonably reproduce the global and continental-
scale climate [34] by representing the physical processes in the atmosphere, ocean,
cryosphere, and land surface [35]. Table 2 summarizes some of the most common
GCMs worldwide. Although these models are the most sophisticated and advanced
tool for simulating the global climate system, they have problems resulting from their
coarse spatial resolution [36, 37]. The spatial resolution of GCMs ranges between
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Table 2 Summary of the most common GCMs in the world

Modeling centre Country Acronym Resolution (lon. × lat.)

National Center for
Atmospheric Research

USA NCAR-CCSM3 1.41° × 1.41°

Commonwealth Scientific and
Industrial Research
Organization

Australia CSIRO-Mk3.0
CSIRO-Mk-3.5

1.88° × 1.88°
1.88° × 1.88°

Geophysical Fluid Dynamics
Laboratory

USA GFDL-CM2.0
GFDL-CM2.1

2.50° × 2.00°
2.50° × 2.00°

NASA/Goddard Institute for
Space Studies

USA GISS-EH
GISS-ER

5.00° × 3.91°
5.00° × 3.91°

Hadley Centre Climate Model England UKMO-HadCM3 3.80° × 2.50°

Institute Pierre Simon Laplace France IPSL-CM5A-LR 1.89° × 3.75°

Center for Climate System
Research (The University of
Tokyo), National Institute for
Environmental Studies, and
Frontier Research Center for
Global Change (JAMSTEC)

Japan MIROC 3.2 (medres) 2.81° × 2.81°

Max Planck Institute for
Meteorology

Germany MPI-ECHAM5 1.88° × 1.88°

250 and 600 km, which is still not suitable to conduct simulation of the regional
climate features required by hydrological and national scale impact studies [8, 38].
This necessitates downscaling GCM outputs, to transform their coarse scales to
finer scales [39], before they can be used in hydrological impact studies. In general,
two downscaling techniques can be applied: statistical and dynamical approaches.
Statistical approaches depend on building statistical relationships between large-
scale climate variables and regional climate variables [40] to efficiently downscale
the outputs GCMs to a finer time and spatial scale [39]. Dynamical downscaling
approaches, on the other hand, lead to regional climate models (RCMs) which have
finer resolution than GCMs, by considering physical and climate conditions of an
area such as clouds, orography, and volcanic eruption to reach a resolution ranges
between 1 and 50 km [41]. Table 3 shows some of the most popular RCMs that
covered the MENA region.

3.2 Emissions Scenarios

To study the possible impact of future CC, the IPCC proposed long-term emis-
sions scenarios for the twenty-first century (six scenarios, IS92A to F), which were
published in the supplementary report to IPCC [42]. These scenarios reflect a wide
range of assumptions that influence the future evolution of GHG emissions in the
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Table 3 Summary of the most common RCMs that covered the MENA region

Modeling centre GCM RCM Resolution (lon. ×
lat.)

Swedish
Meteorological and
Hydrological Institute

ICHEC-EC-EARTH SMHI-RCA4 0.44° × 0.44°

Max Planck Institute
for Meteorology

ICHEC-EC-EARTH MPI-CSC-REMO2009 0.44° × 0.44°

Max Planck Institute
for Meteorology

MPI-M-MPI-ESM-LR MPI-CSC-REMO2009 0.44° × 0.44°

Swedish
Meteorological and
Hydrological Institute

MOHC-HadGEM2-ES SMHI-RCA4 0.44° × 0.44°

Swedish
Meteorological and
Hydrological Institute

MPI-M-MPI-ESM-LR SMHI-RCA4 0.44° × 0.44°

Canadian Centre for
Climate Modelling and
Analysis

CCCma-CanESM2 CCCma-CanRCCM4 0.44° × 0.44°

absence of climate policies that have already been adopted subsequently. Then, the
IPCC developed different scenarios that were first published on Special Report on
Emissions Scenarios (SRES) in 2000, and then in the Fourth Assessment Report
(AR4) of IPCC [43]. The SRES consists of four storylines (A1, A2, B1, and B2),
which represent different demographic, social, economic, technological, and envi-
ronmental developments. The purpose of the SRES is to explore future development
in the global environment based on GHGs emissions.

A new set of four scenarios called the “Representative Concentration Pathways”
(RCPs) has been launched in the Fifth Assessment Report (AR5) of IPCC [44].
RCPs are defined by estimated total radiative forcing at the end of the century (2100)
compared to the year 1750, which are 2.6 (RCP 2.6), 4.5 (RCP 4.5), 6.0 (RCP 6),
and 8.5 (RCP 8.5) W/m2 [45], as shown in Table 4. The radiative forcing, defined as
the difference between sunlight absorbed by the earth and the radiant energy back
into space, causes the temperature to rise or fall and is measured in CO2 equivalents
[46]. The four RCPs consist of a mitigation scenario (RCP 2.6) that leads to a low
forcing level, two equilibrium scenarios (RCP 4.5 and RCP 6), and the worst-case
scenario (RCP 8.5) with very high GHG emissions [44]. Therefore, the RCPs can
represent a range of climate policies during the twenty-first century, as compared
with the no-climate policy of the SRES [44]. These emission scenarios help current
understanding of possible future climate uncertainties, which could be useful for
mitigation and/or adaptation strategies to cope with CC effects.

The Shared Socioeconomic Pathways (SSPs) have recently been established to
provide a socio-economic dimension to the integrative work initiated by RCPs [47].
They include five scenarios (Fig. 5): sustainability, middle-of-the-road, regional
rivalry, fossil-fueled development, and inequality [47, 48]. It is worth mention that
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Table 4 Impact of different RCPs on both global temperature and sea level rise during twenty-first
century (Data source [44])

Scenario Description Global warming (°C) mean
and likely range

Global SLR (cm) mean
and likely range

2046–2065 2081–2100 2046–2065 2081–2100

RCP 8.5 Rising radiative forcing
pathway leading to
8.5 W/m2 (~1370 ppm CO2
equivalent) by 2100

2.0 (1.4–2.6) 3.7 (2.6–4.8) 30 (22–38) 63 (45–82)

RCP 6.0 Stabilization without
overshoot pathway to
6.0 W/m2 (~850 ppm CO2
equivalent) at stabilization
after 2100

1.3 (0.8–1.8) 2.2 (1.4–3.1) 25 (18–32) 48 (33–63)

RCP 4.5 Stabilization without
overshoot pathway to
4.5 W/m2 (~650 ppm CO2
equivalent) at stabilization
after 2100

1.4 (0.9–2.0) 1.8 (1.1–2.6) 26 (19–33) 47 (32–63)

RCP 2.6 Peak in radiative forcing at
~3 W/m2 (~490 ppm CO2
equivalent) before 2100 and
then decline (the selected
pathway declines to
2.6 W/m2 by 2100)

1.0 (0.4–1.6) 1.0 (0.3–1.7) 24 (17–32) 40 (26–55)

Fig. 5 Summary of drivers under the different SSPs [49]
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the sixth assessment report of global warming by IPCC (due in 2021) will use these
scenarios.

4 Water Balance in Egypt in the Context of Climate Change

Egypt’s total water resources are 60 BCM/year according to the Egyptian Ministry
of Water Resources and Irrigation [50]. The Nile River provides 55.5 BCM/year
(93.7% of the total water resources) based on the Nile water-sharing agreement
between Sudan and Egypt in 1959. The rainfall contributes about 1.3 BCM/year
and the uses of deep groundwater and seawater desalination are around 2.1 and
0.35 BCM/year, respectively (Fig. 6). Meanwhile, the total water consumptions
are 80.25 BCM/year, divided as 61.1 BCM/year (76.1%) for the agriculture sector,
10.75BCM/year (13.4%) for the domestic use, 5.4BCM/year (6.7%) for the industry,
and 2.5 BCM/year (3.1%) losses due evaporation from water surface areas (Fig. 6).

Reuse of drainage water and taping from shallow groundwater of the Nile Delta
aquifer are closing the gap between demand and supply. This gap may intensify
under CC; and thus, understanding its impact on water balance parameters (input
and output) becomes essential for having a complete picture of the upcoming situ-
ation and help in planning and management of water resources for balancing water
demands. CC not only affect water resources but also water consumption. It may
impact Nile River flow, rainfall, groundwater recharge, agriculture water consump-
tion, evaporation from water surface areas (e.g., Lake Nasser), environmental needs
(e.g., maintaining the water quality of canals and lakes), municipal water needs, and
industry (e.g., cooling purposes).

Agriculture
61.1 (76.14%)

Industry
5.4 (6.73%)

Municipal
10.75 

(13.40%)

Environmental needs 
0.5 (0.62%)

Evaporation from 
surface water areas

2.5 (3.11%)

Water Consumption = 80.25 
MCM/year

Nile River 
55.5 

(93.67%)

Rainfall
1.3 (2.2%)

Deep Groundwater
2.1 (3.54%)

Desalination
0.35 (0.59%)

Water Resources = 59.25 MCM/year

Fig. 6 Water resources and water consumption in Egypt (Data source [50])
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4.1 Rainfall

Egypt has recently experienced an increase in rainfall extremes, which in many
cases caused severe flooding, property damage, and many deaths in various regions
of Egypt [51, 52]. Thus, different studies have investigated the rainfall behavior in
the country (e.g., [52, 53]). The northern coast region has a relatively high annual
total rainfall, in contrast to the central and southern regions of the country, where
precipitation is sparce [15]. The rainy season runs from October to March, with
rainfall peaks from December to February [17]. The spatial variation of the average
annual total precipitation over Egypt is shown in Fig. 7.

Globally, the occurrence of severe rainfall events has increased, in line with rising
temperatures and atmospheric water vapor [8]. Accordingly, studying the changes in
rainfall patterns in Egypt is vital to developing adaptation and mitigation measures
for the potential CC impacts. However, research on this topic is still limited, and
nearly all researchers either used a few gauged sites or gridded data. For instance,
spatial trend patterns were investigated for gridded rainfall data for the period 1948–
2010 by Nashwan et al. [24], when no change was indicated in rainfall extremes.
Based on historical data at 31 gauged stations, Gado et al. [52] studied the variability
of rainfall indices to reveal the expected CC impacts on rainfall characteristics in
Egypt. Significant trends were detected in annual maximum precipitation (AMP),
annual total precipitation (ATP), annual number of rainy days (ANRD), and simple

Fig. 7 Spatial distribution of mean annual precipitation in Egypt [15]
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Fig. 8 Spatial distribution of trends by Sen’s slope method in annual rainfall indices: AMP
(mm/decade), ATP (mm/decade), ANRD (day/decade), and SDII [mm/(day × decade)], for the
period (1990–2016) [52]

daily intensity index (SDII) at 29, 19, 13, and 19% of sites, respectively (Fig. 8).
Most of the detected trends were negative, which could lead to a decrease in the
amount of precipitation in Egypt. They recommended locating more stations, with a
recent common period of record, to have more reliable results of the possible effects
of CC on rainfall characteristics in Egypt.

4.2 Groundwater

Groundwater is an important source that attracts more attention nowadays due to the
limited surface water resources and increasing demands. There are six groundwater
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aquifers in Egypt (Fig. 9) including the Nile aquifer which accounts for 87% of the
country’s groundwater abstraction [12]. It recharges mainly from the infiltration of
irrigation networks and cultivated lands. Two third of the agricultural lands of Egypt
located in the Nile Delta [54] which is the terminal part of the Nile River and extends
around 240 km of Mediterranean coastline, from Alexandria to Port Said. About
50% of Egypt’s population density lives in the Nile Delta and depends mainly on
the agricultural sector, which represents about 15% of the Gross Domestic Product
(GDP) [55]. This increases the expected vulnerability to CC impacts, especially the
rise in the sea level.

The global sea level raised over the past 100 years by about 0.10–0.25 m due to
the increase of the global mean temperature [8]. By the year 2100, the sea level rise
(SLR) is predicted to be in the range of 0.18–0.59 m [8]. This will increase coastal
erosion, seawater intrusion, and flooding of wetlands and lowlands in the delta. Also,
it will have a significant impact on the availability of groundwater resources in coastal
plains and recharge and discharge patterns [56].

Given the importance of the Nile Delta, several studies have been conducted to
predict the SLR using different climate models. They predicted the range of the SLR
in the Delta for the coming 100 years between 0.30 and 1.50 m [57, 58]. From 1990
to 2016, Dawod et al. [59] found that SLR in the Delta region ranged from 2.6 to
4.3mm/year. Other studies investigated the impact of SLR on theNile Delta (Table 5)
and concluded that it will cause flooding and severe damage of lands, salinization in
the river, dramatic impacts on agriculture and economy. For instance, Nofal et al. [60]
investigated the impact of SLR on the Nile Delta aquifer at the coastal zone by testing
three scenarios of SLR (0.25, 0.5 and 1.0 m). They predicted a change in the aquifer
static head ranging from 0.1 to 0.5 m and defined the location where the salinity will
be changed (through seven km from the sea). Mabrouk et al. [61] assessed the impact
of both SLR and groundwater extraction on Nile Delta aquifer. A reduction of fresh
groundwater by 18.7% in 90 years is predicted for the extreme scenario with SLR
of 1.5 m and an increase in groundwater extraction to 12 BCM/year. Consequently,

Fig. 9 Groundwater aquifers in Egypt [12]
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Table 5 Summary of recent studies on the impact of SLR on the Nile Delta aquifer in Egypt

Study Region Model Time scale Future
scenarios

Main findings

Nofal et al.
[60]

15 km
along the
sea from
Ras El-Bar
to Gamasa

Finite difference
flow and
transport
simulation
model
(SEAWAT)

2011–2041 SLR = 0.25,
0.5, and
1.0 m

Increase in
groundwater
head from 0.1 to
0.5 m and
change in the
GW salinity at
7 km from the
sea
(southwards)

Attwa et al.
[62]

Northeast
Nile Delta
(El Sharkia
area)

1D model
generation using
a hybrid genetic
algorithm

1983–2007 A dramatic
increase of
saltwater
intrusion was
observed close
to the low-lying
coastal area of
El Manzala
Lake

Abd-Elhamid
et al. [63]

Nile Delta
aquifer

Coupled
transient finite
element model
(2D-FEST)

100 years SLR = 1 m,
decline of
piezometric
head, and
combination
SLR and
decline of
piezometric
head

The
combination of
reduction in
piezometric
head due to over
pumping and
SLR will cause
an intrusion of
15 km

Nofal et al.
[64]

Nile Delta
aquifer

3D regional
model by
SEAWAT
(MODFLOW
and MT3DMS)

2013–2063 SLR = 0.5
and 1 m

The salinity of
groundwater in
the northern
portion of
coastal aquifer
will be
increased from
10,000 to
18,000 ppm

Nofal et al.
[65]

Western
Delta

Numerical
simulations
using the
software
ArcMap and
FeFlow

1990–2100 RCP 2.6,
RCP 8.5, and
no SLR

A shift of the
fresh/saline
water interface
of the Nile
Delta aquifer is
expected by a
maximum from
43 to 57 km
covering an area
from 1980 to
2870 km2

(continued)
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Table 5 (continued)

Study Region Model Time scale Future
scenarios

Main findings

Mabrouk et al.
[61]

Nile Delta
aquifer

3D
variable-density
groundwater
flow model and
salt transport by
SEAWAT

2010–2100 6 scenarios of
a
combination
of SLR and
groundwater
extraction
rates

The fresh water
will
significantly
decrease by
18.7% in
90 years,
according to the
extreme
scenario

adaptation measures should take place to reduce the possible threats of CC to the
groundwater in the Delta.

4.3 Evaporation and Evapotranspiration

The evaporation losses from open waterways and Lake Nasser were estimated to
be 2.5 and 10 BCM/year, respectively [50]. Several studies investigated the impact
of CC on the evaporation from Lake Nasser (e.g., [35]). El-Sawwaf et al. [66] and
El-Sawwaf and Willems [67] estimated the mean evaporation rate for Lake Nasser
to be 5.88 mm/day by analyzing 14 days periods from 1995 to 2004. Evaporation
from the lake is expected to increase by nearly 0.47, 0.88, and 1.66 km3 for the years
2030, 2050, and 2100, respectively [68]. Badway [69] expected that the increase by
2050 will be 0.29% and can be neglected due to the increase in humidity and the
reduction in wind speed.

The consumptive use of agricultural lands through evapotranspiration is the largest
terms of outflow from the system [12]. However, the spatial variation of evapotranspi-
ration (ET) under the effect of CCwas investigated in Egypt in a few studies, as shown
in Table 6. For instance, Khalil [70] applied the Penman–Monteith equation to esti-
mate the reference evapotranspiration (ETo) by using data from 20 stations in theNile
valley and Delta. He employed the GCM (HadCM3) under the emission scenarios
IPCC SRES (A1, A2, B1, and B2) to predict ETo. The results showed significant
increases in evapotranspiration under the considered CC scenarios. Abdrabbo and
El-Afandi [71] compared between four ET methods (Blaney–Criddle, Hargreaves,
Thornthwaite, and FAO-56 Penman–Monteith) in three different regions (Nile Delta
in the north, middle, and Upper Egypt) under the different RCP scenarios. They
concluded that the Blaney–Criddle and Thornthwaite equations produced the lowest
ETo values compared to the Hargreaves and FAO-56 Penman–Monteith equations
under all RCPs. For the same three regions, Abdrabbo et al. [72] used the FAO-56
Penman–Monteith equation to project changes in evapotranspiration under the impact
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of the RCP scenarios. The results indicated that the annual ET would significantly
increase for all different zones by uneven values.

5 Climate Change Impacts on the Nile River Flow

The Nile River Basin (NRB) is one of the most complex basins worldwide, shared
by 11 countries (Fig. 10). It has an area of 2.9 M km2 (10% of African conti-
nent landmass) and a living population of 190 million (25% of Africa population)
[74]. Nevertheless, due to the varying climate and topography, the river’s discharge
(0.98 l/s/km2) is the lowest compared with other rivers having similar basin area [75].
The available water resources governance is already under pressure and affected by
the social, political, and legislative conditions of the NRB. Despite the impacts of
CC, previous studies have concluded that population growth and land-use changes
may have the uppermost impact (e.g., [76, 77]).

As mentioned earlier, water has become a limiting factor for promising develop-
ment plans in Egypt, especially agriculture expansion. Most of the riparian countries
encounter development problems due to frequent events of floods and droughts.
Different water management policies are needed in NRB countries, depending on
the requirements for drought mitigation, crop irrigation, and hydropower. Thus, any
future changes in the Nile water (quantitative or qualitative) may have significant
impacts on water management strategies in NRB countries.

Some of the recent studies that investigated both existing and future impacts of
CC on NRB were reviewed in Table 7. These studies utilized different approaches
ranging from GCM outputs directly (e.g., [79]) to RCMs with statistical bias correc-
tion downscaling (e.g., [80, 81]). The studies can be classified into three types: (1)
evaluating the sensitivity of the Nile discharge to changes in climate variables, (2)
constructing the climate scenarios based on the outputs of GCMs, and (3) obtaining
more accurate results using downscaling techniques (statistical or dynamic).

5.1 Sensitivity Studies

The sensitivity of the Nile discharge to changes in temperature and precipitation has
been evaluated in various studies for the whole basin (e.g., [95]) and for different
sub-basins (e.g., [83, 86, 96]). First, Kite and Waititu [96] investigated the flow
of a tributary of Lake Victoria (Nzoia River) and indicated that a 10% increase in
precipitation resulted in a 40% increase in runoff. Sene [95] studied the whole basin
and indicated an increase of 4–7% inflows if the rainfall increased by 1%. Conway
and Hulme [83] assessed the sensitivity of runoff regarding changes in ETo and
precipitation and indicated that changes in temperature in the range of ±1 °C cause
changes in ETo by ±4%. They also concluded that changes in precipitation yielded
larger changes in the runoff than that of ETo. Sayed [86] indicated increases of the
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Fig. 10 The Nile River Basin. Source Map Design Unit of the World Bank, Gotur [78]



34 T. A. Gado and D. E. El-Agha

Table 7 Summary of recent studies on future projections of flows for the NRB

Study Region GCM/RCM Scenario Main findings

Strzepek et al.
[82]

Nile Basin 3 GCMs A wide range of
changes in Nile
supply (−77 to +
30%)

Conway and
Hulme [83]

Nile Basin 3 GCMs An increase in
rainfall in the Blue
Nile Basin (2%) and
the Equatorial
Lakes region (5%)
for 2025; changes in
mean annual Nile
flows for 2025 (−9
to +12%)

Yates and
Strzepek [84]

Nile Basin 5 GCMs The basin was
highly sensitive to
climate fluctuations,
four of five GCMs
predicted
significantly larger
flows in equatorial
lakes

Strzepek et al.
[79]

Nile Basin 9 GCMs Eight out of nine
scenarios showed a
tendency for lower
Nile flows

Tate et al. [85] Lake Victoria HadCM3 GCM A2, B2 A reduction in
outflow of 2.6–4.2%
by the 2050s
followed by an
increase between
6.3 and 9.7% in the
2080s

Sayed [86] Nile Basin 4 GCMs An increase in
rainfall in the Blue
Nile (2–11%) and
the White Nile
(1–10%) for 2030.
The changes in
inflow to Lake
Nasser was (−14 to
32%)

Soliman et al.
[81]

Blue Nile ECHAM5 RCM A1B Future annual
increases in the
Blue Nile flow at
Diem of about 1.5%

(continued)



Climate Change Impacts on Water Balance in Egypt … 35

Table 7 (continued)

Study Region GCM/RCM Scenario Main findings

Elshamy et al.
[87]

Nile Basin 3 GCMs A2, B2 The uncertainty
across GCMs was
larger than that
across emission
scenarios especially
till 2050

Elshamy et al.
[88]

Blue Nile 17 GCMs A1B −15 to +14%
change in
precipitation
−15% mean change
in runoff

Beyene et al.
[35]

Ethiopian
Highlands

11 GCMs A2, B1 The Nile River flow
increased for the
period (2010–2039)
and decreased
during mid-
(2040–2069) and
late (2070–2099)
century

Nawaz et al. [89] Upper Blue Nile 3 GCMs A2, B2 An increased in
future mean flows,
but this would be
rather offset by
rising
evapotranspiration

Taye et al. [90] Nyando River
and Lake Tana

17 GCMs A1B, B1 An increase in mean
runoff for Nyando
catchment for the
2050s

Chen et al. [91] Sudan and
South Sudan

7 GCMs SRA2 A decreasing (an
increasing) trend in
rainy (dry) season in
the future in Sudan.
An increasing trend
in most seasons in
South Sudan

Dile et al. [92] Upper Blue Nile HadCM3 GCM A2, B2 An annual increase
in flow for the river
at the end of the
century

Gebre and
Ludwig [93]

Upper Blue Nile 5 GCMs RCP 4.5, RCP
8.5

The average annual
runoff of the river
will significantly
increase in the
future

(continued)
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Table 7 (continued)

Study Region GCM/RCM Scenario Main findings

Mekonnen and
Disse [94]

Blue Nile 6 GCMs A1B, B1, A2 An increasing trend
for precipitation in
the range of
1.0–14.4%

outflow by about 5.7%, 34% and 32% of the whole basin, upper Blue Nile (BN),
and Atbara sub-basins, respectively, due to a 10% increase in rainfall. Contrary, a
reduction in rainfall by 10% would decrease the outflows by 24%, 24%, and 4% for
the Atabra, BN, and Lake Victoria sub-basins, respectively. He indicated that these
sub-basins are much more sensitive to climatic changes than Lake Victoria sub-
basin. The balance of these changes in Dongola results in an increase (a decrease)
in the mean annual flow of 30% (−25%) for a 10% increase (reduction) of rainfall
over the whole NRB due to the dominance of the flows of the Ethiopian plateau,
through Atbara and the BN. Therefore, the NRB is vulnerable to climate variations
and that would result in considerable impacts of its water resources [97]. Hence, it is
necessary to study the likely changes in water resources of the different sub-basins
and the basin under the changing climatic conditions.

5.2 Direct Use of GCMs Outputs

Using the results of three GCMs, Strzepek et al. [82] showed a very wide range of
changes in the Nile supply (−77 to +30%). Conway and Hulme [83] predicted an
increase in rainfall of 2% in the BN basin and 5% in the Equatorial Lakes region
for the 2025. They also concluded that changes in mean annual Nile flow for 2025
ranged between−9 and+12%. According to the 1959 Nile Waters Agreement, they
estimated amean annual flow for the EgyptianNile varying between 50 and 65BCM,
compared to the current share of 55.5 BCM.

Yates and Strzepek [84] divided the NRB into 12 sub-catchments and assessed
potentialCC impacts onNile runoff using amonthlywater balancemodel of theNRB.
They used mean monthly climate variables of precipitation, temperature, relative
humidity, and sunshine hours from five GCMs and showed that the basin was highly
sensitive to climate fluctuations. Considerably, larger flows in the equatorial lakes
indicated by four GCMs, whereas the results varied for the different GCMs in the
Ethiopian highlands of the BN and Atbara basins. Strzepek et al. [79] showed a
propensity for lower Nile flows, in contrast to the results of their earlier study. Using
a macro-scale hydrological model fed by GCMs data (HadCM2 and HadCM3),
Arnell [98] showed that precipitation will generally increase over the NRB but the
resulting increase in runoff will be offset by increases in evaporation losses due to
temperature rise. Thus, he expected a little change in the mean Nile flows by 2050.
Sayed [86] used four GCMs and concluded that the increase in rainfall in the BN and
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theWhite Nile would be 2–11% and 1–10%, respectively, in 2030, and the associated
flow changes in Lake Nasser ranged from −14 to 32%.

In the Ethiopian Highlands, the potential impact of CC on the hydrological
extremes was investigated in the catchments of the Nyando River and Lake Tana
[90], which are located in two NRB source regions. They used 17 GCMs to produce
CC scenarios for rainfall and potential evapotranspiration and applied two concep-
tual hydrological models to predict runoff changes for two scenarios (A1B and B1)
for the 2050s. The results revealed increasing mean runoff and peak flows of the
Nyando catchment, in contrast to the catchment of Lake Tana where no trend of such
flows observed. For Lake Victoria, Tate et al. [85] used two GCMs and showed a
reduction in the outflow of 2.6–4.2% by the 2050s and then an increase of 6.3–9.7%
in the 2080s compared by 1961–90 as a baseline.

5.3 Downscaling Techniques of GCMs

The statistical downscaling approach was applied to the main Nile flow in Dongola
[87] and the BN flow in Diem [89]. Both studies downscaled the coarse spatial
resolution outputs from three GCMs, representing two scenarios, into fine resolution.
Although their results differed for both the main Nile and the BN, they concluded
that the uncertainty through general circulationmodels was greater than that of future
scenarios (Fig. 11). In another study, a bias-correction approach was applied to the
simulations of 17 GCMs, using the A1B emission scenario, in the upper BN at Diem
station [88]. The results revealed that the changes in the total annual precipitation
ranged from −15 to +14%, while the predicted annual flow at the station declined
by 15%.

In Ethiopia, changes in precipitation were assessed by Beyene et al. [35], using
bias-corrected data from 11 GCMs. Although the Nile flow is expected to increase
during the period (2010–2039), the results also revealed that the flow would decline
afterward due to increased evaporation and lower precipitation. To evaluate CC
impacts of the Upper Blue Nile Basin (UBNB), Gebre and Ludwig [93] applied
five adjusted GCMs for two scenarios (RCP 4.5 and 8.5) and indicated that the
average annual runoff of the river would increase significantly in the future. Recently,
Mekonnen and Disse [94] downscaled the outputs from six GCMs of the UBNB,
considering three scenarios (A1B, B1, and A2), where four GCMs reported an
increasing trend for precipitation in the range of 1.0–14.4% (Fig. 12).

The first study to apply theRCMinNRBwas probably the study ofMohamed et al.
[99], who assessed the impact of the Sudd wetlands on the hydroclimatology of the
Nile. Following, some studies utilized different RCMs to investigate the hydrological
response to climate change in BN (e.g., [81, 100]). Soliman et al. [81] used ECHAM5
RCM for the A1B scenario and revealed prospective annual increases in BN flow in
Diem of nearly 1.5%. Although the increase in flow was expected to be greater at
the start of the flood season, a decrease in flow was also predicted at the end of the
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Fig. 11 Decadal mean annual flow at Dongola from three GCMs with two scenarios [87]

Fig. 12 Relative change of mean annual precipitation from six GCMs of Upper Blue Nile Basin
compared from the reference period of 1948–2011 [94]

rainy season and in the dry season. The results of these studies lead to a wide range
of uncertainties about flow projections for the NRB.
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6 Climate Change Adaptation Measures in Egypt

The challenge of climate change can be addressed in two ways: mitigation and adap-
tation. The idea of mitigation is to tackle the problem’s roots by reducing, or even
stabilizing, GHGs concentrations in the atmosphere. Unfortunately, the international
efforts to mitigation by controlling greenhouse emissions have had limited success.
On the other hand, adaptation can be defined as initiatives and measures to decrease
ecosystems’ vulnerability to the current and prospective impacts of CC [101]. Adap-
tation has two main goals: reducing the adverse impacts of CC and taking advantage
of any potential beneficial effects [8]. A wide variety of adaptation options for both
supply and demand sides have been listed in the literature (e.g., [102]). Although the
high cost of mitigation and adaptation impedes the implementation of the measures
required, especially in developing countries, Egypt must prepare for the unavoidable
risks expected from CC through a robust adaptation policy, as proposed here.

Asmentioned earlier, the uncertainty in determining the direction and value of CC
impact on the Nile flow is rather high, which requires higher flexibility operation and
management of the water resources system. For Egypt, the increases in the flow are
of course better than the reductions, as the High Aswan Dam (HAD) allows Egypt
to exploit any benefits from the increases in the Nile River flows for both irrigation
and hydropower, but the situation will be critical if the flow decreases. Egypt could
adapt to a less 15% reduction in Nile flows; otherwise, it would have severe social
and economic impacts [103]. To accommodate current and future climate variability,
the current operating rules need to be adaptive to such changes to reduce the risks
of both flood and drought, which requires a robust management policy for the HAD
and Lake Nasser.

The Ministry of Water Resources and Irrigation in Egypt (MWRI) has launched
an integrated national water resources plane for the year 2037 (NWRP 2037), which
includes coordination between nine ministries with the aim of improving planning
and implementation of integrated water resources management, increasing the avail-
ability of fresh water, improvingwater quality, and enhancing water usemanagement
[50]. The NWRP 2037 included three main pillars for the CC adaptation measures
[104]. First, the MWRI planned to achieve optimal use of available resources by
improving the irrigation system, applying modern irrigation systems (drip, sprin-
kler, etc.), changing cropping pattern by growing tolerant and short duration crops,
promoting water-saving technologies in the domestic and industrial sectors, expand
the reuse of treated wastewater, and studying alternative operations of HAD. Second,
developing water resources would be through adding more conventional and non-
conventional resources through continuing the collaboration with riparian states of
the NRB, developing deep groundwater, rainfall harvesting, desalination of seawater
and brackish groundwater, and increasing pumping from shallowgroundwater. Third,
the water quality improvement will be achieved through monitoring and preventing
pollution from industries activities and promote treatment of effluents, control-
ling the use of agriculture pesticides and fertilizers and promoting environmentally
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friendly and organic agriculture practices, expand wastewater treatment and sani-
tation services, initiate cost recovery for drinking water and sanitary services, and
protect wells from pollution.

Two main approaches to flood risk adaptation are available: (1) operating HAD
at lower levels to allow more room to receive higher floods and (2) constructing
additional storage structures upstream HAD to reduce the risk of dam overtopping.
In addition, MWRI is working to implement a plan to rehabilitate and replace major
regulators on the Nile, such as New Esna, Naga Hammadi, Assiut Barrages, and the
current Dairout group of regulators. Also, several flood protection projects are being
implemented in the Nile Delta region (e.g., Rosetta Branch, Baltim, Ras El Bar, and
Alexandria, and Northern Lakes) [105].

In Egypt, several studies have recently been conducted on CC adaptation. Blanken
[106] provided a systematic overview of the CC impact and adaptation measures
based on the initial national communication reports [107–109] for water resources
and agricultural sectors. SNC [109] categorized key adaptation measures for the
water resources sector to adapt to uncertainty, adapt to a possible increase in flow,
adequately confront reductions in flow, develop new water resources, and finally
adapt to soft interventionmeasures. Nour El-Din [110] commented that most of these
adaptation measures are general, not quantified, and unrealistic, such as the proposal
to increase the Nile flow, which ignores the current promising development plans
for upstream countries. Based on the fuzzy logic theory, Batisha [111] proposed a
decision support model to assess measures to adapt to sea-level rise in the Nile Delta.
Nofal et al. [60] evaluated the mitigation measures for three scenarios of SLR for
the coastal region of the Nile Delta. They suggested artificial recharge to the Nile
Aquifer through injection wells, implementing impervious barriers, and limiting the
abstraction of groundwater in the northern part of the Nile Delta.

7 Conclusions and Recommendations

Recent studies of the water balance in Egypt emphasized that any reduction in water
resources, due to CC, can have serious concerns in the agriculture sector, the main
consumer (85%) of water resources, which will affect livelihoods and economy.
This chapter focused on the Nile water resources, SLR, groundwater, precipitation,
evaporation, evapotranspiration, and temperature to examine their vulnerability to
CC.

Rainfall patterns and evaporation rates over the NRB are among the main factors
that effectively affect Egypt’s water resources. Therefore, CC impact studies for
the NRB and Egypt were reviewed and discussed in this chapter to provide useful
literature for future studies in Egypt. There is a consensus among the regional climate
projections performed in the literature indicating a general increase in precipitation
during the main rainy season in the Ethiopian Plateau, where the source of both
the BN and the Atbara River (the main source of freshwater in Egypt). For other
seasons, no significant model agreement was found. For the Nile Equatorial Lakes
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region, however, most of the models indicate a significant drying during the summer
and a general increase in precipitation during the winter. Furthermore, most studies
concluded that the uncertainties in predicting CC impacts on the Nile flows are very
high, which complicates the proposed plans of water resources in the basin countries.

For precipitation in Egypt, most studies have identified significant decreasing
trends in some locations, in contrast to the temperatures that will witness a certain
increase due to CC. This will significantly increase evapotranspiration under the
different CC scenarios, as investigated by limited studies. For groundwater, recent
studies concluded that SLR will cause severe problems in coastal areas (e.g., inun-
dation of lowlands, seawater intrusion, and coastal erosion), which may negatively
affect the quantity and quality of groundwater resources.

To address water related problems in Egypt due to CC, the following recommen-
dations are suggested based on the present study:

1. Improvement of the existing planning and hydrologic methodologies to deal
with the significant uncertainties involved in predicting future CC impacts.

2. Encouraging data exchange between NRB countries.
3. Improving networks of precipitation gauged stations in NRB countries (e.g.,

early warning systems).
4. Considering climate change effects in national projects.
5. Rehabilitation of canals and drains and maintenance of hydraulic structures.
6. Using advanced irrigation networks instead of traditional ones.
7. Improvement of the distribution systems for municipal and industrial water

use.
8. Implementation of rainwater harvesting that includes recharge wells in urban

areas and low-cost techniques on the north coast to assist rain-fed agriculture.
9. Researching for new technologies of water desalination to reduce costs.
10. Strengthen the capacity building of the institutions working on studying CC

and its impacts.
11. Involving Stakeholders in adaptation planning.
12. Exploring the vulnerability of both structural and non-structural water systems

to possible future CC.
13. Co-operation between the water authorities and scientific communities to help

in exchanging information on the state-of-the-art on CC and its impact on
water resources.

14. Public awareness campaigns.
15. Enforcing environmental laws.

8 Recommendations for Future Studies

The following are suggestions for possible future research related to climate change
impacts on water resources in Egypt:
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1. Evaluating the updated IPCC scenarios to have a comprehensive assessment of
CC impacts on different hydrometeorological processes (e.g., evapotranspira-
tion and precipitation) in Egypt.

2. Updating Regional Climate Models capable of predicting the impact of CC on
the local (Egypt) and regional (NRB) water resources.

3. Studying the basic characteristics of stream networks that contribute to flash
floods by using advanced tools (e.g., GIS and remote sensing).

4. Investigating the impact of change in both land use and climate on hydrological
processes and water resources.

5. Conducting comprehensive research on the joint impact of CC and new water
projects on the water resources of the BN.

6. Assessing CC impacts on food security, energy, and water resources.
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Decentralized Wastewater Treatment
Using Biofilm Technologies as Cost
Effective Applications

Case Studies—MENA Region

Noama Shareef

Abstract This study was conducted to demonstrate and evaluate the economic
effects of biofilm application inmunicipal wastewater treatment in theMENA region.
These wastewater treatment pilots were designed and operated of different Biofilm
application in tow MENA countries (Tunis and Jordan) as decentralized wastewater
treatment applications in small communities. A submerged fixed biofilmwas utilized
in Tunis, as the first pilot in this study, in the aerobic biological reactor (SFBB) and
the moving bed process in an anaerobic denitrification reactor has been designed to
treat municipal wastewater treatment for a small community 200 PE. This applica-
tion aims to achieve full treatment and high-quality outlet before discharge into water
bodies. This was requested to protect the Mediterranean Sea including reuse options
in agriculture. While the second pilot plant was implemented in Jordan and designed
as two Modified Septic Tanks to treat municipal wastewater just to secondary treat-
ment level for reuse in agriculture and to test the biofilm efficiency treatment. Septic
Tanks were operated in two systems (suspended and attached growth bacteria). The
two pilot plants in (Tunis and Jordan)were implemented, tested, and evaluated as part
of different research projects focused on low-cost treatment due to reducing energy
requirements by using biofilm technologies. High removal of the organic load was
achieved in both systems pilot plants in Tunis and Jordan. Effluent BOD5 concentra-
tion was found to be less than 10 mg/l for the pilot in Tunis and 15 mg/l for the pilot
plant in Jordan, high nitrogen removal for more than 95% in Pilot-Tunis but it was at
a lower rate in Pilot-Jordan as well asEscherishia coli removal, nitrifications, denitri-
fication were achieved in a high rate both Pilots. The application of different biofilm
system technologies at the two pilots were proved to be a cost-effective technology
with low energy consumption, low-cost implementation, and O&M requirements.
Therefore, the Effluent quality met secondary wastewater quality criteria as well as
WHO Guide and local standards for wastewater reuse in agriculture.
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fixed film · Moving bed · Hybrid-reactor
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1 Introduction

Centralized wastewater management faced many challenges as high-cost collection
and treatment system due to many factors like the high cost of intensive operation,
using high-tech and costly investment in maintenance [1, 2].

In small communities, a decentralized wastewater treatment management
DWWM as a solution for rural and small communities is needed to avoid the chal-
lenges of a centralized system [3, 4]. Therefore, supporting wastewater activates
and services management in rural areas addresses serious concerns accordingly to
water scarcity, protecting the environment from pollution, and public health. More-
over, the application of decentralized wastewater treatment technologies has been
recognized as a cost-effective solution [5, 6]. However, a long time ago, Biofilms
technologies were used in wastewater treatment plants, to degrade organic particles
also to improve the nitrification and denitrification processes in wastewater treat-
ment units. Different fixed growth biofilm reactors are commercially used for the
treatment of municipal as well as industrial wastewater. Therefore, the awareness
of biofilms has increased enormously in recent years due to the impact of biofilms
on natural and industrial systems, as well as human health. Biofilm technologies are
used widely to develop decentralized wastewater technologies which conceders in
many applications as cost-effective solutions for rural-small communities [6–8].

Biofilm processes require less space as they keep consistently the active sludge
concentration in the biological reactor at a high level [9]. Biofilm processes do not
need sludge recirculation thus making the biological treatment process independent
from sedimentation tank performance and sludge characteristics. This is especially
of great importance for applications where the type of waste implies the risk of
high sludge volume indices. The increase of the demands on efficiency and cost of
wastewater treatment leads to new interest in biofilm technology which leads to an
important positive impact that can affect the treatment cost, operation, and treatment
efficiency in several countries in the region. The analysis of the incremental scenarios
has shown that the change in precipitation and temperature will highly affect the
amounts of monthly surface runoff and the mean annual temperature increased by 1,
2, 3, and 4 °C [10].

This chapter gives some experience about the application of several Biofilm tech-
nologies in the MENA region like submerged fixed-film, Moving bed, and MBBR
technologies as a good example of a biofilm system applications in arid to semi-arid
areas with several specifications as hot weather, high organic load, and other related
factors effects. As shown in some studies on Innovations in wastewater applications
in Jordan in adaption to climate change [11].

The aim of this chapter: Decentralized wastewater treatment by using Biofilm
technologies is to give an overview of these technologies and its environmental
economics applications. Furthermore, to demonstrate the application of several
wastewater treatment technologies with the high-efficiency treatment of municipal
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wastewater in small and large scale using biofilm systems with respect to the appli-
cation of low-cost wastewater treatment also to reuse the treated wastewater for
irrigation purpose as successful case studies from the MENA region.

2 Overviews of Wastewater Treatment

Wastewater treatment used to remove pollutions from wastewater like organic and
non-organic matters in wastewater treatment plants to the recycle level and reused
it again for various purposes like irrigation, recharge the groundwater … etc. Many
factors related to Wastewater and climate change have to be taken into consideration
during the above treatment stages and processes [12]. The temperature, season, and
type of wastewater can drastically affect wastewater treatment factors. For example,
the discharge of treated wastewater affects the treatment stages and level, in addition,
it affects the treatment cost. If the treatedwastewater is to discharge intowater bodies,
the biological and chemical load has to be less than its disagree for reuse purposes in
agriculture. Wastewater treatment stages are divided normally between three main
stages, which are needed according to the treatment levels and discharge. These main
stages are preliminary and primary treatment, secondary treatment, and advanced
treatment. Every stage has different treatment process, by chemical, Physical and
mechanical treatment process in the primary treatment stage themajority of the solids,
organic and inorganicmaterial are removed [8, 12]. The sedimentation process is used
to remove solids, while grease, fat, and oil are removed by the skimming process.
The reduction of (BOD) biochemical oxygen demand is between 25 and 50%, and
Approximately 50–70% of (SS) total suspended solids reduction, while the reduction
of oil and greases up to 65% during primary treatment stage in wastewater treatment
plant” [13].

Secondary treatment of wastewater uses microorganisms that break down the
organic in wastewater and remove any organic compounds. The biological treatment
process in this stage, simulates exactly the natural process as it happens in the nature.
Biofilm treatment system is one of many approaches that can be used as biological
treatment technology in this stage: Submerged fixed film system, as a biofilm system
where attachedmicroorganisms grow directly on the surfaces of several types of filter
media (Rock, Sand, Plastic, textile … etc.) to create a thin biofilm. In this stage, the
treatment process accrues by feeding off the wastewater including its concentration
of organic matter and nutrients that flow over the media and the biofilm [14]. While
advanced wastewater treatment used to remove pollutions like color, odor, and taste.
It refers to all process treatment are used to increase the wastewater quality obtained
from other stages primary and secondary treatments before discharge it to water
bodies, because it needs an advanced treatment level. A combination of treatment
techniques is usually used as an advanced stage for treatment such asUVdisinfection,
ozonation, and chlorination [15].
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2.1 Biofilm Treatment Process

Biofilms technologies are used in wastewater treatment plants, for a very long time,
to remove organic compounds and to improve the treatment process producing high
nitrification and denitrification levels. Attached bacteria grows on the filter media
as a thin biofilm to break down the organic waste to carbon dioxide and water and
new biomass. Oxygen diffusion is limited to the upper biofilm layer; lower layers are
anoxic or even anaerobic. Many factors are effects the treatment process like biofilm
thickness, wastewater load, oxygen diffusion … etc.

Thin biofilm is more active than thick biofilm, because, anaerobic treatment
process in absence of oxygen will happened near the surface of the surface media;
this builds a problem in the capacity treatment and decrease the treatment efficiency.

Deferent microorganisms created on the media surface to break down the organic
matters by the contact between the microorganisms and wastewater. Throw theMSU
[16], Fig. 1 shows the combined aerobic and anaerobic biofilm processes.

Where a combination of moisture and nutrients exists on a media surface, it is
likely to find a biofilm there. Biofilms can grow on any natural materials above and
below ground, on any materials like: Rock, Sand, metals, plastics, medical implant
materials, and plant and body tissue. Over time, a biofilm in the appropriate envi-
ronment will grow and become strongly attached to the media surface to live on it
[17].

Microbial biofilms behavior is naturally tolerant of antibiotic doses up to 1000
times greater than doses that kill free-swimming, planktonic bacteria [16].

Fig. 1 Combined aerobic and anaerobic biofilm processes
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2.1.1 Aerobic Decomposition of Typical Organic Compounds

Decomposition is an aerobic biological process, of degradation of organic matter
which is easily degradable by different microorganisms in the presence of oxygen
like Organic matter degradation and nitrification.

Organic Matter Degradation

Organic matter degradation is the first stage that simulates the natural process as it
happens normally in nature when microorganisms break down organic matters [12].

Nitrification (Aerobic Process)

Nitrification is a biological treatment process carried out by microorganism or
ammonia-oxidizing bacteria (AOB). This anaerobic biological process converts the
organic nitrogen into nitrate-nitrogen in 2 steps. Nitrification is a common method
used for the removal of ammonia nitrogen in the wastewater treatment plant. Nitri-
fication occurs in tow steps oxidation reactions, the first step the ammonia oxidizes
into nitrites in presence of oxygen, whereby nitrites get oxidized into nitrates as a
second step shown by the half equations below: Nitrification is the oxidation of TKN
to NO3 in 2 steps: All nitrification process

NH+
4 + 1.5O2 → NO−

2 + H2O + H+

NO−
2 + 0.5 O2 → NO−

3

Nitrification is affected by wastewater temperature, for example: with a drop in
temperature from 20 to 15 °C resulting in a drop in nitrification effectiveness of 35%
[18].
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2.1.2 Anaerobic Decomposition of Typical Organic Compounds

An anaerobic biological treatment is a partial conversion of organic matters into
simpler organic compounds.

Denitrification (Anaerobic Process)

Denitrification is an anaerobic biological process that uses different microorganisms
to convert nitrite and nitrate to elemental nitrogen. It is an anoxic process, it takes
place in the absence of oxygen; and heterotrophic processes, requiring organic carbon
for cell synthesis and energy generation [19]. Therefor the Denitrification process is
converted of 2NO3 to N2 plus 3O2 in absence of Oxygen:

2NO−
3 + 2H+ → N2 + H2O + 2.5O2

2.2 Design Features

Biofilm technologies are designed usually based on the specific surface area of the
media filter, organic loading rate (gBOD or COD/m2/day), therefore the size of the
carrier media is not be significant as long as the effective surface area is the same.
Biofilm application technologies inmunicipal and industrial wastewater indicate that
high-efficiency wastewater treatment can be used to remove soluble BOD in high
organic loading rates also improve biological treatment process as Nitrification and
denitrification. Organic loading rate in wastewater is defined as the concentration
of soluble and particulate organic matter. It is typically expressed as organic load
rate BOD per unit area which has to be removed by the treatment process, as organic
matterBOD5/m2/day [20]. Therefore, the biofilm reactor volumecalculation depends
on the organic load, specific surface area, and wastewater inflow as in the quotation
below.

OSLR = Q(m3/day) ∗ BOD(g/m3)

V f ilter (m3) ∗ Aspeci f ic(m2/m3)

Control of organic loading can be accomplished by pre-treatment to reduce the
BOD and TSS concentrations or by increasing the size of the infiltration area to
reduce the mass loading per unit area. There are two methods of degradation of
organic compounds. The design of most selected case studies in this chapter was to
make sure that the reliable operation of the plant does not need highly experienced
personnel.



Decentralized Wastewater Treatment Using Biofilm Technologies … 55

2.3 Biofilm Application Area

2.3.1 Municipal Wastewater Treatment

The media material of biofilm technologies can be designed to meet a large specific
contact area, which increases the treatment efficiency. Therefore, this kind of
treatment process is an ideal process to achieve full secondary treatment. These
technologies also are applicable as a cost-effective solution for wastewater treatment.

Bio-film technologies required a very good pre-treatment to decrease the load
before it comes into biofilmwhere the capacity of existing biofilmhas to be increased.
However, the special treatment process leads the water quality to meet new standards
dictated by legislation [21]. The Plastic biofilm-media range enables wastewater
treatment plants by this system to increase treatment efficiency be to meet future
needs with low-costs and disruptions to the treatment capacity.

2.3.2 Industrial Wastewater Treatment

Industrial wastewatermainly has a variable quantity and quality, it is characterized by
special load degree depending on the type of industry producing it, may it includes
organic matters easy or complex with different loads, or heavy metals and toxic
matters, as the case in many developing countries. The main issue for industrial
wastewater is increasing wastewater volume production which may including a high
load of synthetic compounds to be directly discharged in nature. Special features
like (temperature, different organic load, different PH levels, and Salinity) can be
affected the treatment process. Biofilm system is utilizing to treat different types
of industrial wastewater with diffrent loads and PH levels to produce high quality
effluent. A temperature reduction of the industrial wastewater through the biofilter
treatment process is often an additional effect [22].

3 Implementation of Biofilm Technologies (Successful Case
Studies)

The implementing of biofilm technologies as (submerged fixed film, moving bed,
MBBR … etc.) has been considered to use for BOD reduction, good nitrification in
aerobic stages and improve the denitrification efficiency in consideration with the
climate change effects at the implementation area.
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3.1 Case Study: Small Municipal Wastewater Treatment Unit
for 200 PE (Application in Tunis)

Aerated Submerged Fixed Biofilm Bed (SFBB) reactors work on the basis of
biofilms attached to monolithic plastic supports. Mixing and transport processes
within the fixed media are achieved by the aeration in aerobic systems (oxidation
of organic compounds and nitrification). Although simultaneous denitrification has
been reported by some authors, anoxic conditions cannot be realized in aerated
systems.

This study presented a small size, easy to handle wastewater treatment in a
compact unit which has been designed and developed primarily forMENA countries.
This pilot was implemented in Tunis for municipal wastewater treatment of small
community 200 PE and to demonstrate a full treatment efficiency for reuse including
discharge in water bodies.

It is an important solution to protect the Mediterranean Sea in such tourist areas
including the possibility of reuse. Therefore, this study demonstrates a new concept
of decentralized wastewater treatment pilot plant by using biofilm technologies:
Submerged fixed biofilm in aerobic nitrification reactor and moving bed in anaerobic
denitrification reactor. This kind of small treatment unit by using a simple design
makes sure that the reliable operationof theplant does not need experiencedpersonnel
so it can be operated simply by the owner or any person with normal knowledge.
Figure 2 presents the schematic design concept of reactors.

The pilot plant was designed and tested for wastewater with nitrogen input
concentrations of 100 mg/l and higher as it is frequent in arid countries.

Basic Design Data

Unit capacity: 200 PE (Population Equivalent)

Denitrification
(MBDR)

Screen

Influent

C-removal
(SFBBR)

Air-flushed  
screen

Intermediate 
settling (tube 

settlers)
Nitrification

(SFBBR)

Final settling 
(tube settlers)

Screened matter Excess sludge

Sludge 
processing

Air supply Air supply

Effluent

Recycle line

Fig. 2 Displays the flow scheme of the treatment plant 2H-water technologies solution
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Specific wastewater load: 20–40 m3/d
BOD5 load, daily average: 20 kg/d.

Target Quality of Treated Wastewater

BOD5 concentration: ≤ 10 mg/l
COD concentration: ≤100 mg/l
TSS concentration: ≤25 mg/l
NH4-concentration: ≤2 mg N/l
NO3-concentration: ≤10 mg N/l.

Table 1 shows that each compact system (Submerged Fixed Film for nitrification
and moving bed for denitrification), was generally used by 2 h GmbH for such
applicable technologies, this step is designed as a tailor-made design to favour the
growth of specialized bacteria. These specialized bacteria are kept on its place and
supplied with its individual needs of oxygen and nutrients.

The plastic foils for the bio-filter media are normally produced using the very
specific system for extruding the Polypropylene polymer and directly forming the
molten mass into the corrugated foils. The polypropylene polymer material shall
be specially formulated for optimum UV stability like the patented 2H Kunststoff
GmbH system. A plastic component applied in the experimental above WWTP is
presented in Fig. 3.

Table 1 Design data for the projected wastewater plant 2 h GmbH

Unit gBOD/m2/d gNO3-N/m2/d gNH4-N/m2/d Applied surface (m2)

Denitrification 3.5 1.0 – 834

C-removal 9.0 – – 770

Nitrification – – 1.2 2082

Max. flow
m3/h

Tube volume
m3

Proj. surface
m2

Surface load
m3/m2/h

Intermediate settling 7.6 2.53 13.7 0.55

Final settling 2.1 0.76 6.6 0.32

a) Bio carriers b) Structured 
media 

c) Tube settler 
module 

d) Tube settler 
geometry 

Fig. 3 Plastic components applied in the experimental WWTP (2H Kunststoff GmbH) Germany
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3.1.1 Results and Analysis

The treated municipal wastewater in the compact unit in Tunis by using both biofilm
technologies (Submerged fixed-film for an aerobic reactor. andMoving bed for anaer-
obic denitrification stage), showshigh treatment efficiency infinal plant outlet (BOD5
≤10 mg/l, COD ≤100 mg/l, TSS: ≤25 mg/l, NH4

−: ≤2 mgN/l, NO3 ≤10 mgN/l).
First results of the demonstration plant shows that: halving the loads does not

have any effect on mining performance in the load case of this study also during the
starting an operation time the COD degrad > 80%, NH4-N degradation almost 100%,
and low COD degradation after changing the operating system, Fig. 4.
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Fig. 4 COD- and NH4-N reduction at the pilot plant during the operation phase

Fig. 5 Reduction of TOC and N-total during the operation phase
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Figure 5 shows a high reduction of TOC and N-Total during the first operation
phase of the pilot plant which is improved during the operation phases.

Figures 6,7, and 8 also show the high process eliminations of biofilm technology
applications (Submerged fixed-film for the aerobic reactor. and Moving bed for
anaerobic denitrification stage) and therefore wastewater treatment efficiency.

Fig. 6 COD-loading rates versus COD elimination per surface unit

Fig. 7 Ammonia-reduction and nitrate build-up in the nitrification reactor
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Fig. 8 Denitrification versus oxygen concentration

3.1.2 Economic Aspect

The comparison between the application of the above treatment concept and the
activated sludge treatment system for the same 200 PE small unit shows reduction
of about 50% of tanks volumes in the system by using the Biofilm concept taking
into consideration using lamellar settler in the sedimentation stages.

Therefore, and according to the treatment evaluation, the application of Biofilm
technologies by using plastic media showed a clear improvement in the system
performance. This study revealed the using (Submerged fixed-film for the aerobic
reactor. and Moving bed for anaerobic denitrification stage) can be used as a cost-
effective system due to its low energy consumptionwhich leads to low-cost treatment
applications.

3.2 Case Study 2: Optimization of Modified Septic Tank
Wastewater Treatment Performance for Small Scale
(Application in Jordan)

An Application of Biofilm system at Modification septic tank for municipal wastew-
ater treatment in Jordan shows a good treatment efficiency of BOD reduction, good
nitrification and denitrification performance.

Two Modified Septic Tanks with dual operational conditions for the anaerobic
stage and aerobic stage have been implemented and designed, and operated in parallel
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Fig. 9 Schematic diagram modified septic tank—SMART project—Jordan

at the Al Fuhies demonstration site of the SMART (Sustainable Management of
AvailableWaterResourceswith InnovativeTechnologies) as one of a potential decen-
tralized system that can be used for the onsite treatment of local domestic wastewater
in Jordan [5, 23, 24].

The aim of this research study is to check the treatment effect of biofilm plastic
media application and its treatment efficiency. To compare the attached growth
system (effect of fixed biofilm) to the conventional suspended growth system in
treatment efficiency, some tested under several hydraulic loads were tested online.
Septic tank is the primary settlement tank and anaerobic reactor as in Fig. 9. Influ-
ential sewage depends through concrete splash baffle and is scattered on the surface
of the tank’s content disturbing the scum layer and settled sludge.

Each modified septic tank technology suspended growth system (BS), and
attached growth system (BA) was utilized and implemented as one anaerobic reactor
as the first chamber, and followed by aerobic reactor process, SMART [11, 23].
The anaerobic chamber was designed to be very similar to the traditional septic
tank in general, where treated wastewater flows from the first anaerobic part to the
aerobic part without pumping (by gravity), for the further treatment process. The
Septic tank working by Attached bacteria process (BA) is implemented to be filled
with submerged fixed-film plastic media in anaerobic and aerobic chambers to check
the treatment efficiency in both and to test the effect of fixed biofilm to compare
its treatment capacity with the suspended bacteria system (BS) in the same condi-
tions with the same hydraulic loads. The analyses of outlet data showed that the
attached Bacteria reactor system BA achieved high efficiency of biomass reduction
and better wastewater treatment efficiency than the Suspended bacteria system. This
was because the attached bacteria on the plastic media (support materials); can be
more efficient to reduce the organic load and has achieved good nitrification and
denitrification levels.

3.2.1 Methods and Measurements

The tow modified septic tanks (BA and BS) have been operated under different
hydraulic loadings (phase1 is 1200 l/day, phase 2 is 1600 l/day and phase3 is:
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2000 l/day) each hydraulic load was operated for 6 months and with inflow organic
load BOD 600 mg/l.

Inflow and outflow of every loading phase during its operational time was
controlled and evaluated weekly. Wastewater sampling from each system (BA and
BS) were collected and tested onsite such: chemical oxygen demand (COD), Total
suspended solids (TSS), Biochemical oxygen demand (BOD5), nitrate (NO3

−),
dissolved oxygen (DO), orthophosphate (PO4

3−) pH value, ammonia (NH4
+), elec-

trical conductivity (EC), temperature.All the above parameterswere tested according
to the Standard Methods for Examination of Water and Wastewater [23, 25]. E. coli
was measured using the IDEXXTMColilert-18 Quanti-tray method according to the
manufacturer’s specifications.

3.2.2 The Operation Phases

The systems BA and BS were operated with deferent hydraulic loading of 1.2 m3/d
(Phase 1) and under higher loading rates of 1.6 and 2.0 m3/d (Phases 2 and 3). Three
different hydraulic loadings above were carried out for 26 weeks for every loading
level during the operating phases. The modified septic tank systems were designed
to accommodate wastewater generated from a single household. Preliminary inves-
tigation shows that the average daily wastewater discharge from a single household
is about (1.2 m3). The schematic diagram of the pilot is shown in Fig. 10 [26].

Thefirst chamber (anaerobic chamber) is considered as sludge holding tank,where
sludge stabilisation is anticipated to take place. The plant has been equipped with
several by-passes, fittings, and valves so that the mode of operation could be easily
changed and adjusted.

3.2.3 Results and Analyses

Twomodified septic tank systems were implemented for municipal wastewater treat-
ment in a rural place about 17 km south of Amman in Jordan. The tow Septic tank
systems (BA and BS) were tested and evaluated. The treatment efficiency evalua-
tion shows a good elimination of several parameters during the biological treatment
phases and deferent hydraulic load (Fig. 11). As it shows a reduction of BOD to 95–
98% and between 92 and 98% TSS removal. Also, analyses show nitrogen removal
of 59% in the BA system, while the nitrogen removal varied between 26 and 33% at
the higher hydraulic loading and 0–29% in the BS system [23].

Regarding the WHO guideline and local standard the Effluent quality meets
secondary wastewater quality criteria as well as the Jordanian standard for wastew-
ater reuse for all parameters (Table 2), except for the parameter E. coli, where further
disinfection is required.
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Fig. 10 Two modified septic tanks—process diagram of pilot project SMART

4 The Demand for Capacity Building in the MENA Region

Capacity the building is the main objective of the implementation of a biofilm system
as a low-cost, decentralized wastewater treatment technologies in the Middle East
and North Africa.

Applying a very specific capacity building for operation and maintenance of
biofilm-system is very important because of the demand of this know-how in field
experience also the reuse of its end product as an alternative water resource for Irri-
gation. This could be achieved by providing technical groups in local institutes with
required capacity in the biofilm applications as very specific fields. Universities and
research centers can play a leading role in raising awareness and technical experience
with respect to attached biofilm system as low-cost wastewater treatment technolo-
gies because of low energy consumption and reuse treated water for agricultural
purposes. SMART project in Fig. 12 was a successful implementation of economic
wastewater treatment technologies. This demonstration and research center demon-
strates successful applications of several treatment technologies as low cost treatment
solution for rural area in the MENA region.

Implementations of several projects in the MENA region demonstrated a
successful application of capacity-building activities especially there is a high
demand to strengthen experience in water management in the region [28]. During the
implementation of the SMART project, a capacity-building programwas established
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Fig. 11 Process elimination in 3 different phases of BA&BS modified septic tanks

Table 2 The current Jordanian standards for treated wastewater reuse in irrigation [27]

Parameter Cooked vegetables,
parks, playgrounds
and sides of roads,
within city limits

Fruit trees, sides
of roads outside
city, limits and
landscape

Field crop,
industrial, crops
and forest, trees

Cut flowers

A B C D

BOD5 [mg/L] 30 200 300 15

COD [mg/L] 100 500 500 50

DO [mg/L] >2 – – >2

TSS [mg/L] 50 150 150 15

pH 6–9 6–9 6–9 6–9

Turbidity [NTU] 10 – – 5

NO3-N [mg/L] 30 45 45 45

TN [mg/L] 45 70 70 70

E. coli
[MPN/100 mL]

100 1000 – <1.1

Intestinal helminth
eggs [egg/L]

< or = 1 < or = 1 < or = 1 < 1

Grease, oils [mg/L] 8 8 8 8

E. coli: Escherishia coli
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Fig. 12 Research demonstration site for decentralized wastewater treatment—SMART project

by Al-Balqa applied university to support master students, to improving teaching
skills and lecturing output, and developing lines of research in their corresponding
institutes by designing some related regional workshops. In addition, the exchange of
basic research experience at this level was enhanced by coordination between several
stakeholders and institutions that carried out research in the counterpart institutes.
Research findingswere disseminated via scientific publications and a number of tech-
nical papers that were produced. These publications established a position for the
partner institutes in the field of anaerobic treatment and agricultural reuse of treated
wastewater, andmostwere directly related to thefindings of the doctoral students. The
doctoral students also participated in international conferences to present their work
on the research demonstration center in Jordan to share their experience with other
researchers worldwide.The recognition of BAU-University encouraged by the partic-
ipation of external high-level experts as lecturers in an intensive specialized course
in several levels on wastewater treatment as field experience in anaerobic/aerobic
process and in agricultural reuse held in Amman, Berlin, and the Dead Sea via the
project period. These indirect targets consisted of professionals from the academic
sector, water authorities, ministries, and private sectors. Professionals were trained
during specialized courses held in Germany and Jordan. The course material covered
the operation and maintenance of decentralized/centralized wastewater treatment
plants, environmental technologies, emphasizing low-cost anaerobic, aerobic treat-
ment methods, and aspects of wastewater re-use in agriculture. The trainees are
expected to positively influence the national agenda related to MENA sanitation
policy.



66 N. Shareef

5 Conclusions

The applications ofwastewater treatment by biofilm technologies show the successful
implementation of wastewater treatment technologies to improve wastewater treat-
ment efficiency and low energy requirement.

Case studies in this chapter revealed that the application of biofilm technologies
in wastewater treatment in the region can be used as a low-cost system due to its low
energy requirement.

Effluent quality met secondary wastewater quality criteria as well as the WHO
and local standard for wastewater reuse in agriculture.

The generated excess sludge in the tow above pilot projects was exposed for
drying in sludge drying bed for composting and sludge reduces from the wastewater
treatment stages, and also the sludge as an end product. This is after ensuring that it
meets the local reuse standard which can be reused safely in agriculture or for other
disposals purposes.

6 Recommendation

Experience in the operation of biofilm technologies shows that: Biofilm system appli-
cations faced several operations problems in the MENA region. This is related to the
lack of experience in biofilm system operation and in know-how of its applications.
Some recommendations are need to be taken into consideration by application of
biofilm technologies under several climates conditions but not limited to:

• Fats, oils, Solids andSuspended solids, and greasesmust be removedorminimized
in the influent by very good pre-treatment efficiency to protect the biofilm and its
specific surface area this leads to an increase in the Biofilm treatment efficiency.

• A good pre-treatment is required to reduce high concentrations of BOD5, TSS in
inflow, this protects the biofilm treatment capacity in the biological stage.

• Researches demonstrate that biofilm technologies should be designed based on
the surface area loading rate (gCOD/m2/d), Media material, wastewater type.

• In Tricking filter, Pressure distribution is required for the design option in order
to strive for equal distribution of effluent at the design organic loading rate and
also to keep the attached biofilm wet.

• Intermediate clarifier tank is useful to build between treatment stages to draw out
the sludge produced and to keep the attached bacteria working in its full capacity.

Challenges faced the implementation of DWWM

Decentralized wastewater management is an important solution in wastewater treat-
ment for rural areas in the MENA region, but there are many challenges faced the
implementation of Decentralized Wastewater Management System (DWWM) but
not limited to:
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• Financial and Institutional Problems.
• Non-linked areas on drainage systems.
• Technical Problems.
• The Inefficient Water and Wastewater Networks.
• Small Capacities of the centralized wastewater treatment plants.
• Lack of know-how of new wastewater technologies.
• Unskilled Operation and Maintenance team especially in biofilm technologies

(O&M).
• Lack of Master Plan in Governorates.
• Local ministries support in (investments, regulations, control, laws, etc.) still in

discussion in most MENA countries.
• Increase the water demand in some hosting countries because of internal and

external migration related to the political issue in the MENA region.
• High Water consumption in agriculture (for Jordan: 75% of water use in

agriculture).
• The absence in Plans to Preserve Sector Investments.
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Estimation of the Olive Orchards Water
Requirements Using Climatic
and Physiological Methods: Case Study
(Tunisian Semi-arid)
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H. Medrano, F. Ben Mariem, W. Gariani, N. Boukherissa, and M. Braham

Abstract Studding olive trees water requirements allows a better water efficiency
management. That is why more and more efforts are being made to develop new
techniques for more efficient irrigation. In this respect, the estimation of the water
needs was carried out using precise methods integrating the maximum parameters of
the soil-plant-atmosphere continuum. Some researchers have been based on the use
of the climatic method, which is summed up by estimating reference evapotranspira-
tion. Other studies have been based on the direct measurement of tree transpiration
(physiological method) by xylem sap flow measurements that are more representa-
tive of the tree’s water status. Each of these methods is based on a set of climatic,
edaphic and physiological parameters of the olive tree. The present work is based
on an experimental study carried out on the table olive cultivar “Meski” conducted
in intensive. This study aims to estimate the water requirements of the olive tree for
a possible optimization of irrigation. To do this, a calculation of the water require-
ments was carried out by two methods: (1) physiological methods based on Sap flow
measured at stem level (T1) and (2) climatic method based on climatic parameters
and the water balance (T2). These results allowed us to state that the physiological
method allows a better estimation of water requirements. This method also improves
the profitability of the olive tree with better optimization of the use of water that
arrives up to save 15% water.
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1 Introduction

Water is the essential element for maintaining plant turgescence, stomatal control,
gas exchange also as cell elongation and plant growth. The olive trees need water
especially at the instant of the pre-blooming-maturing phases, which unfortunately
coincides with the driest and hottest period of the year. During these phases, the olive
tree requires high quantities of water supply in order to be able to complete the stages
of differentiation of floral and reproductive growth [1]. To accelerate its growth and
its setting in fruit, olive tree needs water. It also plays a regulatory role within the
various physiological processes of the plant by conditioning its productivity and
quantity [2–4]. Irrigation water management should be done with methods to save
lots of water and maximize productivity. Water productivity increases with deficit
irrigation.This technique aims to savewater and control vegetative growth in orchards
without any adverse effects on production [5]. During the first years after planting,
the water requirements needs should be compensated by irrigation (Full irrigation)
to establish tree growth as soon as possible [6]. Laster, a deficit irrigation strategy
is the best option for most olive orchards [6–13]. When there’s a shortage of water
for irrigation, supplementary or supplementary irrigation is sufficient to significantly
increase crop performance [14, 15].

Several methods were used to determine water requirements. Some researchers
have used the climatic method, which consists on estimating ET0 and ETc, by several
equations such as that of Penman–Monteith, to estimate the daily water requirements
of the olive orchards [16–22]. Others have used xylem sap flowmeasurements, which
also allow estimation of water consumption and transpiration [17, 22–26].

The objectives of this chapter are: (i) the use of climatic data for estimating water
requirements in olive trees (cv. Meski) in the semi-arid Tunisian (Enfidha); (ii) the
use of the sap flow method to quantify transpiration and water consumption; (iii) the
evaluation of the physiological method according to ET0.

2 Soil-Plant-Atmosphere Relations

2.1 Water in the Soil

In the soil, the water moves gradually, from wet areas to the driest areas. Its displace-
ment is multidirectional. It is influenced by soil characteristics (depth, texture,
porosity), those of the subsoil and those of the plant (root and aerial systems). In
packed, compact and high clay soils, water flow is slow, unlike light-textured soils
with higher filtration capacity [27].

The water balance is based on the soil physical characteristics. This is a method
that can predict the changing water requirements of olive trees. The water available
for the olive tree corresponds to the reserves easily usable in the ground. The easily
usable reserve in water of a soil, expressed in millimeters of water, corresponds to
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the upper fraction of the useful reserve (UR) for which the plant is not brought to
regulate its evapotranspiration by the stomata. The reserves easily usable are difficult
to evaluate because it varies between 30 and 60% of the UR depending on the type of
soil encountered [27–30]. To characterize the water status of soil, it is necessary to
know the soilmoisture at different depths and to be able to follow their spatiotemporal
evolution [27].

2.2 Soil Water Balance

The different components of the soil water balance allow the determination of the
actual evapotranspiration of the crop, and to evaluate the water supply and the
irrigation water requirements. The soil moisture balance Eq. (1) is expressed as
follows:

�S = Re + I + C − ETc − D−R (1)

With:�S: variation of soil water stock; Re: effective rain; I: irrigation; C: capillary
rise; ETc: evapotranspiration culture; D: drainage and R: runoff.

In the case of localized irrigation, the evapotranspiration culture (ETc) of the olive
tree is estimated by the following Formula (2) [31, 32]:

ETc = Kc × Kr × ET0 (2)

ET0: reference evapotranspiration measured at meteorological stations. Kc: a
cultural coefficient applied to the ET0 to determine the actual evapotranspiration
of the olive tree [1, 32] (Table 1).

Kr is the recovery coefficient that represents the land cover ratio (3). It takes in
concideration the area of the ground covered by tree canopy and planting density
[32].

Kr = 2 × Sc/100 (3)

With: Sc as the surface of the ground covered by the foliage (Sc = n × � × d 2/4
× 100) and n is the planting density and the diameter of the foliage [32].

Table 1 Monthly Kc values for adult olive trees planted at a density of 286 plants/ha, in southern
Spain [32]

Jan Feb March April May June July August Sep Oct Nov Dec

Kc 0.50 0.50 0.65 0.55 0.55 0.50 0.45 0.45 0.55 0.60 0.65 0.50
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3 Estimation of Water Requirements

3.1 Climatic Method: Determination of Reference
Evapotranspiration (ET0)

According to Elsayed-Farag [7], the pan evaporation or automatic meteorological
stations are the most used methods to determine ET0. The variability of evapotran-
spiration values, in most case, is controlled by sun radiation, air temperature, air
humidity and wind speed [33–35]. To calculate ET0, authors used diverse empirical
combinations of climatic parameters in their formulas [16, 20, 21, 31] (Table 2).
Some of them use Air Temperature like Blaney and Criddle [36]. Other formulas
are based on Air Temperature and Solar Radiation, for example, Hargreaves Samani
(1985). Hargreaves Radiation and Stephens and Stewart (1965) methods. Ivanov
(1954), Eagleman (1965), Turc (1961–1965), Chirstiansen–Hargreaves (1969) and
Priestley–Taylor formulas also use Relative Humidity with Air Temperature and
Solar Radiation parameters. Themost complicated formulas are the PenmanOriginal
(1963) and the Penman–Monteith (1998), which include the use of the Wind Speed
with all the previously cited climatic parameters (Table 2). The use of the different
empirical formulas depend on available weather data. Many authors studied the use
of limited weather data to determine ET0 [16, 20, 21, 37–39].

3.2 Physiological Method: Direct Measurement
of Transpiration in Olive Trees (Sap Flow)

The different irrigation management techniques associated directly to the soil and
partially to the plant only allow the determination of the moment to start irrigation
and not the quantity of water consumed by the plant. The sap flow method is an
alternative for direct measurement of the quantity of water conveyed through the
trunk, branches and tree roots under open field conditions. It allowed to study the
physiological behavior of several species of plants and the movement of water in
the soil-plant-atmosphere continuum, to estimate the water needs and to evaluate the
water balance.

According to Köstner et al. [41] and Saitta et al. [22], sap flow measurements are
the most commonmethod to determine transpiration at the tree and the forest canopy
level. This kind of measurement represents an integrated measure of tree transpira-
tion. It allows separating between the physiologically controlled plant process and
physical evaporation from soil and interception.

The technology was used across a wide range of applications on diverse plant
types:

– Natural and urban forest trees [42, 43],
– Woody horticultural trees and vines [7, 22, 44–51],
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Table 2 Methods for ET0 calculation, corresponding formulas and climatic parameters used

Methods Equations Climatic parameters
used for the calculation

Blaney and Criddle [36]
modified by Doorenbos and
Pruitt (1977)

ET0 = (
8 + 0.46Taverage

) × n/N/i Taverage, n, N

Hagreaves-Samani (1985) Original: ET0 = 0.0023 Ra�T0.5 ×
(Taverage + 17.8)
Modified: ET0 = 0.0035 Ra�T0.5 ×
(Taverage + 12.54)

Ra, Taverage, Tmax, Tmin

Christiansen-Hargreaves
(1969)

Original: ET0 = 0.492 Rs × CTT ×
CWT × CHT
Modified: ET0 = 0.492 Ra × CTT ×
CWT × CHT × CST × CR

Rs or Ra, Taverage, U2,
RHaverage, E

Ivanov (1954) ET0 = 0.0018 × (T + 25)2 × (100 −
e/e0 100)

Taverage, e, e0

Eagleman (1967) ET0 = 0.035 × e0 × (100 −
RHaverage)0.5

e0, RHaverage

Stephens and Stewart (1965) ET0 = (0.014 Taverage − 0.37) ×
Rs/1500/0.039
With Rs = (0.25 + 0.5 n/N) × Ra

Ra, Taverage, n, N

Turc (1961–1965) RH > 50% ET0 = 0.40 (Rs + 50)
Taverage/(Taverage + 15)
RH < 50% ET0 = 0.40 (Rs + 50)
Taverage/(Taverage + 15) (1 + 50 −
RHaverage)/70
With Rs = (0.25 + 0.5 n/N) × Ra

Taverage, RHaverage, Ra,
n, N

Priestley and Taylor [40] ET0 = α �
�+γ

(Rn − G) Rn, G, Taverage,
RHaverageγ, α

Penman Original (1963) ET0 =
[

�
�+γ

(Rn − G)
]

+
[

�
�+γ

15.36
(
1 + 0.0062U2(e0 − e)

)]
Rn, G, Taverage,
RHaverage, U2, e, e0, γ

Penman Monteith (1998) ET0 =
[0.408�(Rn−G)]+

[
900 γ

T+273 (e0−e)U2

]

�+[γ (1+0.34)U2]

Rn, G, Taverage,

RHaverage, U2, e, e0, γ

Masmoudi-Charfi and Habaieb [31]
Where: Tmax: Maximum air temperature (°C), Tmin: Minimum air temperature (°C), Taverage: Mean
daily air temperature (°C), �T: Tmax − Tmin (°C), �: Slope of the saturated vapor pressure curve
(KPa°C−1), γ: Psychrometric constant (KPa°C−1), U2: Wind speed measured at 2 m height (m/s),
RHmax and RHmin: Maximum and minimum relative humidity of the air (%), es: Saturated vapor
pressure (KPa), es = 0.5[e0(Tmax) + e0(Tmin)], e0(Tmax): Saturation pressure at Tmax, e0(Tmin):
Saturation pressure at Tmin, ea: Average value of vapor pressure or actual vapor pressure (KPa), ea
= [

e0Tmax RHmin + e0Tmin RHmax
]
/200, e0 − ea: Saturated vapor pressure deficit of the air (KPa), Ra

andRs: atmospheric and solar radiation (MJ/m2/month), Rn: net radiation at the crop surface (MJ/m2

day), N: Maximum sunshine duration (Hours/day), n: Actual sunshine duration (Hours/day), n/N
= p: daylight hours monthly/annual daylight hours, G: Soil heat flux density (Mj/m2/day), CTT:
temperature function, CWT: wind function, CHT: air relative humidity function, CST: sunshine
function, CR: elevation function
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– Agricultural crop species [52–54].

Several sap flow methods are available to calculate the amount of water flowing
through the conductive organ of the plant (www.wgsapflow.com; [48]). According
to Elsayed-Farag [7], some methods provide information for calculating the sap flow
at different depths below the cambium, while others integrate sap flows throughout
the sapwood. Some methods are invasive since the sensors are located inside the
sapwood; others are non-invasive, the sensors being located outside, well in close
contact with the conductive member. Some methods are suitable used for small
diameter stems, while others may be used for bigger trees [7]. In this sense, several
techniques have been developed, in particular, heat dissipationmethods, heat balance
and heat pulse methods.

3.2.1 Heat Pulse Method

This method is based on the measurement of xylemmic sap temperatures at distances
upstream and downstream of a heat pulse source (Fig. 1). This method was first used
by Moreno et al. [55] at the root level and by Fernandez et al. [56] at the trunk
level. According to Fernández and Moreno [57], this method has the advantage of
determining the kinetics of the sap flow in four locations at the xylem level. This
method is widely used because of its low cost, low sensitivity to thermal gradients
and low demand for operating energy [22, 53, 58–60].

Fig. 1 A schematic for a heat pulse probe to measure heat velocity in xylem. a Cable to data
acquisition system; b epoxy body, PCB or analog–digital interface; c downsteam, outer thermistor
(temperature) sensor; d upsteam outer thermistor; e downsteam inner thermistor; f upstream inner
thermistor; g downstream temperature probe; h heater probe with an internal heating element;
i upstream temperature probe. The nominal distance between (g) and (h) and (i) and (h) is 0.006 m.
The nominal length of probes is 0.003 m [58]

http://www.wgsapflow.com
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Heartwood 

Sapwood 

Bark 

junction 
Thermocouple 

Power supply

Heating 
electrode 

Fig. 2 Schematic representation of the thermal balance method of a trunk area [61]

3.2.2 Heat Balance Method of a Trunk Area

Thismethod is proposed to be used on tree trunks with diameters larger than 120mm.
The sapflowcan be calculated from the thermal equilibriumof the heated stem tissues
(Fig. 2). However, in this method, heat is applied within a single segment of the trunk,
rather than superficially throughout the circumference [61].

3.2.3 Heat Balance Method

This method is employed for various kind of stems (woody and herbaceous) and
for different trunk diameters, small, branches and tree trunks [62–66]. According to
Smith and Allen [61], the heat balance method employs gauges suitable for different
rod diameters ranging from 2 to 125 mm (Fig. 3). The entire stem circumference is
heated [62, 67].

3.2.4 Deformation Heat Field (HFD) Method

The current sensor includes radial heater, installed in the sapwood, and two ther-
mocouples made from copper [42, 68–70]. The reference thermocouples measuring
the temperature are inserted in a common needle placed below the heater. In the
axial direction, the thermocouples of the needles symmetrical pair, are equidistant
from the heater. They measure the difference in temperature, allowing bidirectional
measurement of very low flow rates [68]. The magnitude of the sap flow’s average
and high values is due to the asymmetric temperature difference measured with the
pair of asymmetric differential thermocouples [71] (Fig. 4).
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Fig. 3 Schematic representation of the sensor measuring raw sap flow from heat balance [61]

Fig. 4 Schematic representation of the tangential section of stem xylem with arrangements of the
thermocouples around the heater of the HFD-sensor installed in the sapwood of a stem [71]
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3.2.5 Heat Dissipation Method

The heat dissipationmethod introduced byGranier [72, 73] is based on the convective
heat dissipation following the sap flow (Fig. 5). It consists of measuring the temper-
ature at a heating probe and another non-heating (at wood temperature) inserted
radially into the conductive tissue of the raw sap. The difference in temperature
between the two probes is strongly influenced by the movement of xylemic sap in
the trunk. At zero transpiration, this difference is maximal; the passage of a sap flow
transports a quantity of heat by the convective transfer and the temperature in the
heating probe decreases. The difference intemperature is inversely proportional to
the flux density. It is estimated by an empirical formula expressed per unit area of
sap-conductingwood [51, 72, 73]. According toAbidKarray [74], thismethod seems
to be the best adapted to the olive tree since it allows to integrate the sap flow over a
length of 2 cm (the length of the sensor). It allows for long periods of measurement
since it has a low drift over time [73]. Moreover, this technique is simple to install,
its calculation principle is simple, and its cost is low which makes this technique the
most used [61].

Tree trunk 

Constant current  
to the heater

Signal 

Cable 

Power supply 
unit 

Sapwood Heartwood 

Solar panel (optional)

Fig. 5 Schematic representation of the Granier system for sap flow measurement. Each probe
contains a thermocouple [50]
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4 Case Study: Estimation of the Olive Orchards Water
Requirements Using Climatic and Physiological Methods
in the Tunisian Semi-arid

In olive growing, it is essential to optimize irrigation by a real estimate of the water
needs. To achieve this objective, it is necessary to control the terms of the soil water
balance, the energetic balance and eco-physiological parameters related to the olive
tree. These terms give us the possibility to better manage water supplies and increase
thewater use efficiency. Indeed, there is a growing interest in new techniques designed
for more accurate estimation of irrigation doses.

The objectives of this study case are: (i) the use of climatic data for estimating
water requirements in olive trees (cv. Meski) in the semi-arid Tunisian (Enfidha); (ii)
the use of the sap flow method to measure transpiration and water consumption; (iii)
the expression of the physiological method according to ET0.

4.1 Materials and Methods

See Fig. 6.

Weather Station Sap Flow Measurement  

Sap Flow data 

Reference 
Evapotranspiration (ET0) 

Transpiration 
(Sap Flow) 

Climatic data 

Applied Irrigation for 
Treatment T2 (60% ET0) 

Applied Irrigation for 
Treatment T1 (100% Sap flow) 

Measurement each 30 
minutes 

Determination of 
transpiration and ET0

Determination of 
irrigation doses 

Fig. 6 Methodology flowchart
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4.1.1 Description of Experimental Field

The experimentwas conducted in an irrigated olive orchards of 22 ha in Enfidha,
central Tunisia (36° 08′ N, 10° 22′ E, 23 m), which belongs to “Office of Dominion
Land of Enfidha” (OTD), on 2009. The orchard was planted in 1985 with Olea
europaea L. cv. Meski trees at 7 × 7 m spacing. In this orchard, one plot of 10 trees,
with a trunk diameter of 18 ± 3.4 cm at breast height and a similar height (3.5 ±
0.4 m), was selected to perform the experiments. These trees were irrigated by a drip
irrigation system with, four drip nozzles for each tree, “located at a distance of 1.0 m
to the north, east, south and west of the trunk, respectively”.

The determination of olive tree water requirements was done according to the
physiological method (T1: irrigation with a 100% of sap flow) based on the deter-
mination of xylem sap flow and the climatic method (T2: irrigation with a 60% of
ET0), based on the determination of reference evapotranspiration according to several
approaches.

T1: irrigation according to the physiological method (100% of sap flow);
T2: irrigation according to the climatic method (60% of ET0).

4.1.2 Sap Flow Measurements

Heat dissipation probes (TDP 30, Dynamax Inc., Houston, TX, USA) were used to
measure sap flow (see discription in Sect. 3.2.5). Two probes were installed on each
tree in two directions (South and North). Details are given by Bchir et al. [46].

4.1.3 Reference and Crop Evapotranspiration

The In-situ measured climatic paramiters were used to determine the reference evap-
otranspiration (ET0, mm/day) using the Penman Monteith formula [28], cited in
Table 2 (Sect. 3.1).

4.2 Results and Discussion

4.2.1 Comparison of Applied Doses During the Experimental Period

The annual irrigation doses applied during the experimental period of the T1 and
T2 treatments are respectively 1589 and 3080 m3/ha (see Table 3). The calculated
doses accordingto both treatments were variable and depended on physiological
and climatic conditions. For the physiological method, the applied dose ranges
from 84 to 285 m3/ha/month. While the climatic method dose varies from 141 to
608 m3/ha/month (see Table 3).
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Table 3 Irrigation rates
applied during the
experimental period for the
three treatments during the
2009 season (T1: 100% sap
flow and T2: 60% ET0)

T1 T2

m3/ha

February 84 141

March 143 245

April 180 313

May 187 421

June 262 557

July 283 608

August 247 409

September 203 386

Total 1589 3080

These results confirmed those found by Chehab et al. [75]. These authors have
shown that according to the physiologicalmethod (100%FS) and the climaticmethod
(100% ETc), the irrigation needs were respectively 1600 and 2600 m3/ha applied
from April to August 2008. According to Elsayed-Farag [7], in the Mediterranean
regions with an ET0 of around 1200 mm/year and an average annual rainfall of
500 mm, the orchards of Mature olive trees irrigated drip with planting densities of
100–300 trees/ha, require about 7000 m3/ha/year to account for ETc. Among them,
between 3000 and 4000 m3/ha/year are supplemented by irrigations, according to
the precipitation collected [57, 76]. According to Fernández et al. [77], for high-
density olive orchards planting (about 2000 trees/ha), irrigation needs can increase
to 5000m3/ha/year. In similar climatic condition inSpain, LópezBernal et al. [11] had
applied, from late spring to early autumn different irrigation doses ranged between
35 and 70% of the ETmax. Fernández et al. [9], Hernandez-Santana et al. [10] and
Fernández [78] had applied three different irrigation treatments 100%, 60% and 30%
ETc.

4.2.2 Evolution and Comparison of Transpiration According
to the Applied Doses

The transpiration measured by the sap flow method during the experimental period
showed that the highest value of transpiration was recorded for climatic method T2
(Table 4). These values vary from 73 m3/ha (February 2009) to more than 400 m3/ha
(June and July 2009), this can be explained by the fact that this treatment receives the
highest irrigation dose. The transpiration recorded for physiologic method (T1) is in
a range of 72 m3/ha (February 2009) and 245 m3/ha (July 2009). Chehab et al. [75],
found that during the months of high demand (June and July), olive trees irrigated by
the climatic method transpired 23% more than those irrigated by the physiological
method.
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The use of micro-lysimeters allowed us to estimate soil evaporation, which
averages 15% of the doses applied for T1 and T2 treatment (Table 4).

For both treatments T1 and T2, the minimum evaporation of soil (Es) is recorded
in February. It is equal to 11 m3/ha and 21 m3/ha respectively. The highest values of
Es are observed in July, for both irrigation methods.

During the experimental period, we observed that for T2 treatment (60% of ET0),
transpiration was equivalent to an average of 69% of the applied dose. The sum of
transpiration and soil evaporation (on average 15%) is less than the dose. This indi-
cates that this method overestimates the irrigation needs and that leads to significant
losses through evaporation and drainage.

In order to optimize the irrigation dose, the physiological method was converted
according to ET0 (Table 4). The irrigation dose applied by the physiological method
represents on average about 32% of the ET0. During May, June and July, irrigation
needs to be applied for T1 is variable between 27 and 28% of the ET0. During the rest
of the year, the percentages were about are approximately 35%. Many authors have
found similar results. Laouar [79] has shown that under the climatic conditions of
Tunisia (arid and semi-arid), the water requirements of the olive tree do not exceed
75% of the ET0. The same author indicated in 1978 that the olive tree could reduce
its needs up to 35% of ET0 without affecting its productivity [80]. According to
Bchir [23] and Bchir et al. [47], the physiological method based on xylem sap flow
allows a better estimation of the water needs of the olive tree as well as more efficient
management of limited water resources by referring to the set of eco-physiological
measures analyzed in the olive tree table variety ‘Meski’. Ben Ahmed et al. [81]
showed that the contribution of 600 mm of water per year (33% of ETc) could cover
the needs of the Chemlali variety grown in semi-arid regions without decreasing
photosynthetic and productive activity.

According to Chehab [82], in order to maximize the eco-physiological and repro-
ductive parameters in the ‘Meski’ variety, a continuous 100%ETc irrigation is neces-
sary, whereas the ‘Picholine’ variety can better value the respective water intake from
75 to 50% ETc during the fruiting stage. Haouari [83] found that 60% ET0 irrigation
leads to improved biochemical activity and ecophysiological parameters in table
olive. According to García et al. [84], the application of regulated deficit irriga-
tion strategy supplying 30% of the total irrigation needs for ‘Arbequina’ olive trees
induces an increase in natural antioxidants in virgin olive oil. Neither yield, nor the
rest of the quality parameters were affected by the reduced irrigation.

Hernandez-Santana et al. [85], showed that regulated deficit irrigation (RDI) has
manyadvantages for olive tree orchards, such as increasing their long-termproductive
life, by reducing leaf area andwithout affecting single fruitweight nor total fruit yield.
Also, the same authors found that the lowest RDI levels (30 and 45%) lead to greater
water savings than 60%, with the best balance between crop water consumption and
fruit yield.
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5 Conclusions

Water has particular importance in the agricultural sector, particularly in arid and
semi-arid regions, but water resources are increasingly scarce. Having reached a
high level of mobilization of these hydraulic resources, Tunisia is now confronted
with the imperative to better manageand valorizethem.

The study of the olive water needs allowed more efficient management of the
water supplies and saving in irrigation water and this by an estimation of the needs in
water by using more precise methods integrating the maximum of parameters from
the Soil-Plant-Atmosphere continuum. Each of these methods is based on a set of
climatic, edaphic and/or physiological parameters of the olive tree. The study of the
water requirements of the olive tree in a semi-arid region has allowed us to manage
water suppliesmore efficiently and save on irrigationwater using the climaticmethod
and/or the physiological method.

The evaluation of the different irrigation doses, applied according to the climatic
(T2 = 60% ET0) and physiological (T1 = 100% sap flow) methods and in relation
to the transpiration of the trees measured by the sap flow method, allows to note that
the higher the irrigation dose is, the highest is loses by transpiration. The highest
transpiration values are recorded in the climatic method.

6 Recommendations

Deficit irrigation strategies, applying climatic or physiological methods, allow better
water use efficient for olive orchards without affecting yield or fruit and oil quality.
The physiological method (T1), equivalent to 32% of the ET0, allowed us a saving
in water of the order of 50% in comparison with the climatic method. So the
physiological method allows formore efficient management of water resources.

To apply the physiological method in different bioclimatic stages, the use of
transpiration modelingin relation to climatic parameters is necessary to meet the
needs of the economy and the management of water supplies.

Acknowledgements The authors wish to thank the Flemish Interuniversity Council (VLIR) for
supporting this study as part of a larger Own Initiatives project (ZEIN2006PR326).

References

1. Masmoudi-Charfi C (2006) Gestion des eaux d’irrigation dans les vergers d’olivier, document
technique de l’Institut de l’olivier, 13 pp

2. Ben Rouina B, Trigui A, Boukhris M (1998) Effect of the climate and the soil condition on
crops performance of the Chemlali de Sfax olive trees. ISHS Acta Horticult 586(1):285–289



84 A. Bchir et al.

3. Braham M (1997) Activité éco-physiologique, état nutritif et croissance de l’Olivier (Olea
europaea L.) soumis à une contrainte hydrique. Thèse d’Etat de la Faculté des Sciences
Agronomiques de Gand, Belgique, 160 pp

4. Trigui A (1993) Le secteur oléicole: Potentialité, production et évolution à paraître. Sérieétudes
1/93

5. Gòmez-del-CampoM (2011) Summer deficit–irrigation strategies in a hedgerow olive orchard
cv. ‘Arbequina’: effect on fruit characteristics and yield. Irrig Sci. https://doi.org/10.1007/s00
271-0299-8

6. Fernández JE, Diaz-Espejo A, Romero R, Hernandez-Santana V, García JM, Padilla-Díaz CM,
Cuevas MV (2018) Precision irrigation in olive (Olea europaea L.) tree orchards. In: Water
scarcity and sustainable agriculture in semi-arid environment. Tools, strategies, and challenges
for woody crops, Chap 9, pp 179–217

7. Elsayed-Farag S (2014) Irrigation scheduling from plant-based measurements in hedgerow
olive orchards. University of Seville, 218 pp

8. Fernández JE (2014) Understanding olive adaptation to abiotic stresses as a tool to increase
crop performance. Environ Exp Bot 103:158–179

9. Fernández JE, Moreno F, Martín-Palomo MJ, Cuevas MV, Torres-Ruiz JM, Moriana A (2011)
Combining sap flow and trunk diameter measurements to assess water needs in mature olive
orchards. Environ Exp Bot 72:330–338

10. Hernandez-Santana V, Fernández JE, Rodriguez-Dominguez CM, Romeroa R, Diaz-Espejo A
(2016) The dynamics of radial sap flux density reflects changes in stomatal conductance in
response to soil and air-water deficit. Agric For Meteorol 218–219:92–101

11. López Bernal Á, García Tejera O, Vega VA, Hidalgo JC, Testi L, Orgaz F, Villalobos FJ (2015)
Using sapflowmeasurements to estimate net assimilation in olive trees under different irrigation
regimes. Irrig Sci 33:357–366

12. Padilla-Díaza CM, Rodriguez-Dominguez CM, Hernandez-Santana V, Perez-Martin A,
Fernandes RDM, Montero A, García JM, Fernández JE (2018) Water status, gas exchange
and crop performance in a super high density olive orchard under deficit irrigation scheduled
from leaf turgor measurements. Agric Water Manag 202:241–252

13. Rallo L, Caruso T, Díez CM, Campisi G (2016) Olive growing in a time of change: from
empiricism to genomics. In: Rugini E et al (eds) The olive tree genome. Compendium of plant
genomes, Chap 4. Springer, pp 55–64

14. Lavee S, Nashef M, Wodner M, Harshemesh H (1990) The effect of complementary irrigation
added to old olive trees (Olea europaea L.)

15. Proietti P, Nasini L, Ilarioni L (2012) Photosynthetic behavior of Spanish Arbequina and
Italian Maurino olive (Olea europaea L.) cultivars under super-intensive grove conditions.
Photosynthetica 50(2):239–246

16. Bchir A, Lemeur R, Ben Mariem F, Boukherissa N, Gariani W, Sbaii H, Ben Dhiab A, Ben
MansourGueddesS,BrahamM(2019)Estimation and comparisonof reference evapotranspira-
tion using different methods to determine olive trees irrigation schedule in different bioclimatic
stages of Tunisia. Braz J Biol Sci 6(14):615–628

17. Fernandez JE, PalomoMJ, Diaz-Espejo A, Clothier BE, Green SR, Giron IF, Moreno F (2001)
Heat-pulse measurements of sap flow in olives for automating irrigation: tests, root flow and
diagnostics of water stress. Agric Water Manag 51:99–123

18. Giorio P, GiorioG (2003) Sap flowof several olive trees estimatedwith the heat-pulse technique
by continuous monitoring of a single gauge. Environ Exp Bot 49:9–20

19. NicolasE, TorrecillasA,OrtunoMF,DomongoR,Alarcon JJ (2005)Evaluation of transpiration
in adult apricot trees from sap flow measurements. Agric Water Manag 72:131–145

20. Paredes P, Pereira LS, Almorox J, Darouich H (2020) Reference grass evapotranspiration with
reduced data sets: parameterization of the FAO Penman-Monteith temperature approach and
the Hargeaves-Samani equation using local climatic variables. AgricWaterManag 240:106210

21. Pereira LS, Paredes P, Jovanovic N (2020) Soil water balance models for determining crop
water and irrigation requirements and irrigation scheduling focusing on the FAO56 method
and the dual Kc approach. Agric Water Manag 241(1):106357

https://doi.org/10.1007/s00271-0299-8


Estimation of the Olive Orchards Water Requirements … 85

22. Saitta D, Vanella D, Ramírez-Cuesta JM, Longo-Minnolo G, Ferlito F, Consoli S (2020)
Comparison of orange orchard evapotranspiration by eddy covariance, sap flow, and FAO-56
methods under different irrigation strategies. J Irrig Drain Eng 146(7):05020002

23. Bchir A (2015) Etude de l’évapotranspiration et de la transpiration pour l’estimation des
besoins en eau de l’olivier (Olea europaea L.) conduit en intensif dans différents étages biocli-
matiques. Thèse de doctorat en Sciences Agronomiques, Institut Supérieur Agronomique de
Chott-Mariem, 127 pp

24. Fernández JE, Durán PJ, PalomoMJ, Diaz-Espejo A, Chamorro V, Girón IF (2006) Calibration
of sap flow estimated by the compensation heat pulse method in olive, plum and orange trees:
relationships with xylem anatomy. Tree Physiol 26:719–728

25. Intrigliolo DS, Castel JR (2006) Performance of various water stress indicators for prediction
of fruit size response to deficit irrigation in plum. Agric Water Manag 83:173–180

26. Ortuño MF, Garcia-Orellana Y, Conejero W, Ruiz-Sanchez MC, Alarcon JJ, Torrecillas A
(2006) Stem and leaf water potentials, gas exchange, sap flow, and trunk diameter fluctuations
for detecting water stress in lemon trees. Trees 20:1–8

27. Masmoudi-CharfiC (2012)Manuel d’irrigation de l’olivier Techniques et Applications. Institut
de l’Olivier, 206 pp

28. Allen RG, Pereira LS, Raes D, Smith M (1998) Crop evapotranspiration: guidelines for
computing crop water requirements. Food and Agriculture Organization (FAO), Rome, 300
pp

29. Food andAgricultureOrganization (1976) Les besoins en eau des cultures. Bulletin d’Irrigation
et de Drainage 24

30. Gendrier JP, Lichou J, Baudry O, Orts R, Rondeau S, Soing P, Mandrin JF (1999) Outils de
pilotage. Bonnes pratiques en arboriculture fruitière. Edition CTIFEL-ACTA, 202 pp. www.
ctifel.fr

31. Masmoudi-CharfiC,HabaiebH (2014)Rainfall distribution functions for irrigation scheduling:
calculation procedures following site of olive (Olea europaea L.) cultivation and growing
periods. Am J Plant Sci 5:2094–2133

32. Pastor M, Hidalog J, Vega V, Castro J (1998) Irrigation des cultures oléicoles dans la région de
Loma (province de Jaèn). Olivae 17:39–49

33. Khoshravesh M, Gholami Sefidkouhi MA, Valipour M (2017) Estimation of reference evap-
otranspiration using multivariate fractional polynomial, Bayesian regression, and robust
regression models in three arid environments. Appl Water Sci 7:1911–1922

34. Wrachien DD, Mambretti S (2015) Irrigation and drainage systems in flood-prone areas: the
role of mathematical models. Austin J Irrig 1(1):1002

35. Yannopoulos SI, Lyberatos G, Theodossiou N, Li W, Valipour M, Tamburrino A, Angelakis
AN (2015) Evolution of water lifting devices (pumps) over the centuries worldwide. Water
7(9):5031–5060

36. Blaney HF, Criddle WD (1950) Determining water requirements in irrigated areas from
climatologically and irrigation data. USDA (SCS) TP 96, p 48

37. Feng Y, Jia Y, Cui N, Zhao L, Li C, Gong D (2017) Calibration of Hargreaves model for
reference evapotranspiration estimation in Sichuan basin of southwest China. Agric Water
Manag 181:1–9

38. Landeras G, Bekoe E, Ampofo J, Logah F, DiopM, CisseM, Shiri J (2018) New alternatives for
reference evapotranspiration estimation inWest Africa using limited weather data and ancillary
data supply strategies. Theor Appl Climatol 132:701–716

39. Valipour M (2017) Analysis of potential evapotranspiration using limited weather data. Appl
Water Sci 7:187–197

40. Priestley CHB, Taylor RJ (1972) On the assessment of surface heat flux and evaporation using
large-scale parameters. Mon Weather Rev 100:81–92

41. Köstner B, Falge E, Alsheimer M (2017) Sap flow measurements. In: Foken T (ed) Energy
and matter fluxes of a spruce forest ecosystem. Ecological studies (analysis and synthesis), vol
229. Springer, Cham

http://www.ctifel.fr


86 A. Bchir et al.

42. Cermák J, Kucera J, Nadezhdina N (2004) Sap flow measurements with some thermodynamic
methods, flow integration within trees and scaling up from sample trees to entire forest stands.
Trees Struct Funct 18:529–546

43. Pataki DE, McCarthy HR, Litvak E, Pincetl S (2011) Transpiration of urban forests in the Los
Angeles metropolitan area. Ecol Appl 21(3):661–677

44. Alarcón J, Domingo R, Green S, Nicolás E, Torrecillas A (2003) Estimation of hydraulic
conductance within field-grown apricot using sap flow measurements. Plant Soil 251(1):125–
135

45. Bauerle WL, Whitlow TH, Pollock CR, Frongillo EA (2002) A laser-diode-based system for
measuring sap flow by the heat-pulse method. Agric For Meteorol 110(4):275–284

46. Bchir A, Boussadia O, Lemeur R, BrahamM (2013a) Comparison between sap flow measure-
ments and two prediction climate formulas to estimate transpiration in olive orchards (Olea
europaea L. cv. Chemlali). Eur Sci J 9(21):161–167

47. Bchir A, Boussadia O, Lemeur R, Braham M (2013b) Water use in olive orchards estimated
by physiologic and climatic methods in Tunisia. Eur Sci J 9(24):374–385

48. Escalona JM, Ribas-Carbó M (2010) Methodologies for the measurement of water flow in
gravevines. In: Methodologies and results in grapevine research, Chap 5, pp 57–58

49. Fernández JE, Green S, Caspari H, Diaz-Espejo A, Cuevas M (2008) The use of sap flow
measurements for scheduling irrigation in olive, apple and Asian pear trees and in grapevines.
Plant Soil 305(1–2):91–104

50. Lu P, Urban L, Zhao P (2004) Granier’s thermal dissipation probe (TDP) method for measuring
sap flow in trees: theory and practice. Acta Bot Sin 46(6):631–646

51. Siqueira JM, Paço TA, da Silva JM, Silvestre JC (2020) Biot-Granier sensor: a novel strategy
to measuring sap flow in trees. Sensors 20:3538

52. Cohen Y, Li Y (1996) Validating sap flow measurement in field-grown sunflower and corn. J
Exp Bot 47(304):1699–1707

53. MinerGL,Ham JM,KluitenbergGJ (2017)A heat-pulsemethod formeasuring sap flow in corn
and sunflower using 3D-printed sensor bodies and low-cost electronics. Agric For Meteorol
246:86–97

54. Myburgh P (2016) Estimating transpiration of whole grapevines under field conditions. S Afr
J Enol Vitic 37(1):47–60

55. Moreno F, Fernandez JE, Clothier BE, Green SR (1996) Transpiration and root water uptake
by olive trees. Plant Soil 184:85–96

56. Fernandez JE, Moreno F, Clothier BE, Green SR (1996) Aplicasion de la técnica de compon-
sacion de pulso de calor a la medida del flujo de savia en olivo. In: Proceedings of the XIV
Congreso Nacional de Riegos, Aguadulcev (Almeria), pp 1–7

57. Fernández JE, Moreno F (1999) Water use by the olive tree. J Crop Prod 22:101–162
58. Forster MA (2020) The importance of conduction versus convection in heat pulse sap flow

methods. Tree Physiol 40:683–694. https://doi.org/10.1093/treephys/tpaa009
59. Kostner B, Granier A, Cermak J (1998) Sap flow measurement in forest stands: methods and

uncertainties. Ann Sci For 55:13–27
60. Larsen EK, Palau JL, Valiente JA, Chirino E, Bellot J (2020) Technical note: long-term probe

misalignment and proposed quality control using the heat pulse method for transpiration
estimations. Hydrol Earth Syst Sci 24:2755–2767. https://doi.org/10.5194/hess-24-2755-2020

61. Smith D, Allen S (1996) Measurement of sap flow in plant stems. J Exp Bot 47:1833–1844
62. Baker JM, Van Bavel CHM (1987) Measurement of mass flow of water in stem of herbaceous

plant. Plant Cell Environ 10:777–782
63. Groot A, King KM (1992) Measurement of sap flow by the heat balance method: numerical

analysis and application to coniferous seedlings. Agric For Meteorol 59:289–308
64. Hoelscher MT, Martin Andreas Kern MA, Wessolek G, Nehls T (2018) A new consistent sap

flow baseline-correction approach for the stem heat balance method using nocturnal water
vapour pressure deficits and its application in the measurements of urban climbing plant
transpiration. Agric For Meteorol 248:169–176

https://doi.org/10.1093/treephys/tpaa009
https://doi.org/10.5194/hess-24-2755-2020


Estimation of the Olive Orchards Water Requirements … 87

65. Steinberg SL, van Bavel CHM, McFarland MJ (1989) A gauge to measure mass flow rate of
sap in stems and trunks of woody plants. J Am Soc Hortic Sci 114:466–472

66. Steinberg SL, McFarland MJ, Worthington JW (1990) Comparison of trunk and brunch sap
flow with canopy transpiration in Pecan. J Exp Bot 41(227):653–659

67. Sakuratani T (1981) A heat balance method for measuring water flux in the stem of intact
plants. J Agric Meteorol 37:9–17

68. Nadezhdina N, Cermak J, Nadezhdin V (1998) Heat field deformation method for sap
flow measurements. In: 4th international workshop on measuring sap flow in intact plants,
Zilochovice. IUFRO Publications, Publishing House of Mendel University, Brno

69. Nadezhdina N, Vandegehuchte MW, Steppe K (2012) Sap flux density measurements based
on the heat field deformation method. Trees 26:1439–1448

70. Nadezhdina N (2018) Revisiting the Heat Field Deformation (HFD) method for measuring sap
flow. Forest 11:118–130. https://doi.org/10.3832/ifor2381-011

71. Nadezhdina N, Ferreira MI, Silva R, Pacheco CA (2008) Seasonal variation of water uptake
of a Quercus suber tree in Central Portugal. Plant Soil 305:105–119

72. Granier A (1985) Une nouvelle méthode pour la mesure du flux de sève brute dans les troncs
des arbres. Ann Sci For 42:193–200

73. Granier A (1987) Evaluation of transpiration in a Douglas-fir stand by means of sap flow
measurements. Tree Physiol 3:309–320

74. Abid Karray J (2006) Bilan hydrique d’un système de cultures intercalaires (Olivier-Culture
maraîchère) en Tunisie Centrale: Approche expérimentale et essai de modélisation. Thèse de
Doctorat, Université de Montpellier II, 180 pp

75. Chehab H, Mechri B, Haouari A, Mahjoub Z, Brahem M, Boujnah D (2014) Effects of two
drip-irrigation regimes on sap flow, water potential and leaf photosynthetic activity of mature
olive trees, pp 2446–2447

76. Gucci R, Goldhamer DA, Fereres E (2012) Olive. In: Steduto P, Hsiao TC, Fereres E, Raes D
(eds) Crop yield response to water. Irrigation& drainage paper no. 66, FAO, Rome, pp 298–313

77. Fernández JE, Perez-Martin A, Torres-Ruiz JM, Cuevas MV, Rodriguez-Dominguez CM,
Elsayed-Farag S, Morales-Sillero A, García JM, Hernandez-Santana V, Diaz-Espejo A (2013)
A regulated deficit irrigation strategy for hedgerow olive orchards with high plant density. Plant
Soil 372:279–295

78. Fernández JE (2017) Plant-based methods for irrigation scheduling of woody crops. Horticul-
turae 3:35. https://doi.org/10.3390/horticulturae3020035

79. Laouar S (1977) Caractéristiques écophysiologiques et aspects de l’économie de l’olivier (Olea
europaea L.) et de l’orange (Citrus sinensis L.). Thèse de doctorat d’état Es Science, Université
Paris VII, 247 pp

80. Laouar S (1978) Quelques aspects de l’économie de l’eau de l’Olivier (Olea europaea L.) et de
l’oranger (Citrus sinensis L. Osbeck). Thèse de Doctorat d’Etat Es Sciences. Université Paris
VII, 247 pp

81. Ben Ahmed C, Ben Rouina B, Boukhris M (2007) Effects of water deficit on olive trees cv.
Chemlali under field conditions in arid region in Tunisia. Sci Horticult 113:267–277

82. Chehab H (2007) Etude éco-physiologique, agronomique de production et relation source-
puits chez l’Olivier de table en rapport avec les besoins en eau. Thèse de Doctorat en Sciences
Agronomiques, INAT, 175 pp

83. Haouari A (2009) Etude de certains paramètres éco-physiologiques, biochimiques et nutrition-
nels chez l’Olivier (Olea europaea L. cv. Meski) soumis, à trois régimes hydriques. Mastère
en biologie et écophysiologie des organismes végétaux, 166 pp

84. García JM, Morales-Sillero A, Pérez-Rubio AG, Diaz-Espejo A, Montero A, Fernández JE
(2017) Virgin olive oil quality of hedgerow ‘Arbequina’ olive trees under deficit irrigation. J
Sci Food Agric 97:1018–1026

85. Hernandez-Santana V, Fernández JE, Cuevas MV, Perez-Martin A, Diaz-Espejo A (2017)
Photosynthetic limitations by water deficit: effect on fruit and olive oil yield, leaf area and
trunk diameter and its potential use to control vegetative growth of super-high density olive
orchards. Agric Water Manag 184:9–18

https://doi.org/10.3832/ifor2381-011
https://doi.org/10.3390/horticulturae3020035


Diagnosis and New Farming Technologies



Agrarian System Diagnosis in Kerkennah
Archipelago, Tunisia

Faiza Khebour Allouche, Arwa Hamaideh, Khouloud Khachlouf,
Habib Ben Ckhikha, Ali Hanafi, and Youssef M’sadak

Abstract The application of a detailed diagnosis on the agrarian systems in MENA
region, more precisely in a Tunisian archipelago through a social survey allowed us
to describe the characteristics of cropping systems in general and detailed farming
systems. The interaction between different agricultural and social indicators helped to
identify gaps in the evolution of such system. Results prove that the breeding sector
is averagely developed in the Archipelago. However, the closure of the collected
center since 2011 has strongly contributed to the reduction of the application of the
bovine breeding. However, attention is paid to rangelands since 65% of breeders
apply transhumance. Mapping the transhumance circuits adopted by the breeders of
the Archipelago shows the interest of this technic, but it is necessary to study these
displacements to ensure the conservation of the natural resources of the Archipelago
ensuring the sustainability of natural resources.

Keywords Diagnosis · Agrarian system ·Mapping · Archipelago

1 Introduction

Given the small size of its arable land, the impact climate change, and the evolution of
demand towards quality products, Tunisia needs to develop agricultural practices of
its producers. The purpose of a diagnostic analysis of the agrarian system in a small
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region is to identify the factors that influence the evolution of agricultural production
systems [1]. From this definition, we have tried to make a diagnosis of the agrarian
systems of the Kerkennah Archipelago through a survey on a total sample of 100
farmer-breeders. A questionaire was distributed including 50 questions regarding
livestock sector and its characterization. It includes: mode of performance, structure,
etc. In this research, a comprehensive approach is considered who the beginning of
the process where cropping system, animal husbandry concepts are applied to the
plot and animal breeding on the farm rather than to a crop or animals. However,
this approach was applied by different researchers, from example, in 2012, Barral
et al., have applied it to understand the complex conditions underwhich farmerswork.
Then, in 2017, it was applied for determining the conditions necessary for the Niayes
to better contribute to the country’s agricultural production. More recently, in 2020,
Vankovych et al. [2] and Li et al. [3] have used respectively the concept to identify
patterns between state regulatory measures of aggregate support for the agricultural
sector of Ukraine and its development and to study the assurance of agricultural
sustainability and global food security by treating plant diseases diagnosis.

2 Agrarian and Production System Concepts

According to Jouve [4], an agrarian system can be defined as “the historically consti-
tuted, sustainable mode of organization used by a rural society to use its area and
manage its resources.

It results in interactions between the bio-physical, socio-economic and technical
factors” (cited in [5]): “Agrarian system is the theoretical expression of a historically
constituted and geographically located type of agriculture, consisting of a charac-
teristic cultivated ecosystem and a defined productive social system. This allows
sustainable exploitation of the corresponding cultivated ecosystem”. Conceiving and
analyzing farming as it is practiced at a given moment in a given place as an agro-
system “consists in breaking the system down into its main sub-systems and studying
the organization and functioning of each, and their inter-relations” [6]. The concept
of the agrarian system encompasses both the mode of exploitation and reproduction
of one or more ecosystems, the social relations of production and exchange which
have contributed to its establishment and development, and overall economic and
social conditions [7]. It can be defined as the way farmers exploit the environment by
using the relations and interactions that occur between all of its social and physical
components. The system also takes into account the limits of the environment and
its ability to reproduce [8]. Relationships can be established between [9]:

• The three main basic components (biophysic, human and technics states) of the
systemmake it possible to determine a number of functional characteristics which
will then serve as benchmarks and guides for the study of any agrarian system.
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• The elements of the physical environment, the elements of the human environ-
ment and the technical elements will inform the way in which the environment is
exploited by a rural society.

• The physical and human environment are studied through the social organization
that determines the allocation of resources: land, water, vegetation.

• The human environment and technical elements cover the organization of work
(duration, productivity, distribution of tasks in production units, and in society
itself) and the technical means used (equipment, tools, inputs, varieties, etc.).

• Technical components and physical environment are understood by studying the
culture and breeding systems (breed or type of crop, practices, and inputs used).

Analytical back and forth between the objects of study that are agrarian systems,
production systems, with cropping and breeding systems will be at the heart of our
iterative approach to build and validate assumptions about project impacts [10].

The agrarian system cannot then be regarded as a simple technical system of
agricultural practices. The idea is to analyze the transformations of agricultural tech-
niques and the changes in social relations, not only at the local level but also at
the national and global levels. However, in contrast to many research carried out in
agricultural economics or rural sociology, comparative agriculture clearly shows the
ambition to take very finely into consideration the technical processes of agricultural
production, given the special nature of agro-ecosystems, which are the real objects of
work of farmers [11]. Resistance to change, and in particular to agricultural intensi-
fication, demonstrated by some rural societies despite the imperatives and incentives
of national policy, can be interpreted more adequately if the concept of the agrarian
system and the laws of its dynamics are used.

This resistance may indeed have its origin in the absence of a need for local
populations to change their mode of exploitation of the environment to the extent
that it satisfies their basic needs, at generally lower labor costs thanwould be required
for intensification [12].

An agricultural production system is a combination done by farmers of the produc-
tion techniques and means of production of the farms. It includes a number of
interrelated subsystems: cropping system, forage system, livestock system…” [13]:

Livestock system: Vallerand and Richer [14] cited that “the livestock system is a tool
for analyzing preferred livestock activities: on the one hand, the linkages between
the major components of this activity and in the other hand the relationships of
these components with stakeholders. The Breeding System can be defined in a very
general way as the combination of resources, animal species, techniques and prac-
tices implemented by a community or by a breeder, to satisfy its needs by valuing
natural resources by animals [15]. Following to the same author, the breeding system
can itself be broken down into two subsystems. The first one is the management or
steering system, where objectives and information on the environment and the struc-
ture and functioning of the system are defined. The second one is biotechnology
system of production, where production processes and driving patterns are defined
to understand the purpose of producers’ practices and strategies. The breeding system



94 F. K. Allouche et al.

contains three main components, namely man, animal, and land [16]. Breeding prac-
tices are the individual practices of ranchers that can be observed in the field. Thereto,
it’s possible to determine categories or typologies of practices presented: practices
of aggregation, conduct, reproduction, renewal, and territorial practices that will be
well developed in the analysis section.

Extensive Systems: Djemalia [17] characterizes this system by the use of natural
vegetation from mountainous areas, pastures, and marginal land. This system most
often involves small-sized herds of small ruminants, camelids, cattle, equidae, and
native poultry. It is characterized by the use of family labor, low productivity, and
almost no health coverage. These kinds of systems are economically unprofitable
but are very well adapted to the environment and very ecologically efficient [18].

Grassland systems: These systems are based on fencing and cultivation of grass. A
grassland system is even more extensive as grass plays a larger role in the animal diet
and that the used surfaces receive less input, and undergo less cultural operations.

They are often described as extensive, using little or no chemical fertilizer and
complementary foods [19].

Pastoral Systems: Pastoral systems use courses frequently for the guarding of herds.
They are also extremely varied, particularly in relation to the diversity and often the
heterogeneity of the routes they exploit: forests, alpine pastures, etc. [20].

Integrated Intensive System: According to Kayouli [21], this system mainly
concerns dairy farming and fattening activities integrated on farms that grow,
exclusively or partially, fodder, etc.

“Landless” or above ground intensive systems: It concerns family-type (all species
combined) and industrial (poultry, rabbit breeding and pig farming) farms in irrigated
and peri-urban areas. Investments are minimized, with limited external funding.

System of culture: The plant system or the system of culture is a “whole succession
of cultures and techniques implemented on a certain surface of ground handled in
a homogeneous way, to obtain a plant production incompatible conditions with the
objectives of the farmer” [22].

Fodder system: At the level of exploitation, the fodder system is placed in the system
of production. It assures correspondencebetween the systemof culture and the system
of breeding and to linkwith the systemof breeding.There is the process of distribution
of various rations of animals [23]. Define the forage system as being the set of the
operations which have for objective to organize the food of the herd from the fodder
resources produced on the exploitation or bought outside [22]. Clear some global
characteristics of systems foragers’ such the performance level, the dependence level,
and the safety level. The elaboration or the study of a fodder system depends on the
consideration of the constraints appropriate set to the exploitation, and the use of all
the available economic and technical references. The constraints concern essentially
the agro-climatic aspects, the availability in theworkforce, the needs for the herd, and
the economic environment. The feed balance allows the farmer to compare available
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feedstocks and feed requirements during the year (winter, summer, or both). It is
always accompanied by a feeding plan which studies the use of feed in the form of a
ration adapted to each of the categories of animals concerned. This plan provides for
a basic and supplementary ration [24]. Keeping a grazing schedule helps the farmer
to better manage the pasture on a daily basis. However, it makes it possible to carry
out global assessment of this period and to draw lessons for the future.

3 Study Area

The islands of Kerkennah are located almost 20 km from the coast of Sfax occupying
an area of 15.7 thousand hectares. The archipelago extends from the southwest to
the northeast over a length of nearly 42 km (Fig. 1). The archipelago of Kerkennah
constitutes a delegation attached to the governorate of Sfax. It is composed of two
main islands:Chergui andGharbi and twelve islets:Gremdi,Roummadia, ErRakadia,
Sefnou, Charmadia, Lazdad, and six islets of HajHmida [25]. Gharbi Island, named
«Mellita» is the first island encountered when arriving from Sfax. It is triangular,
covered by a large palm grove and has only one village. An ancient 600 m long “El
Kantara” dike, built on the site of a Roman bridge, connects it to the other end of
the archipelago. Chargui Island or “Grandes Kerkennah” occupies the seat of the
Delegation and the main administrative services stelErramla. The total area of the

Fig. 1 Location of the Kerkennah Islands (feuilles topographiques au 1/25,000 En-Najet SO,
En-Najet SE, Er-Ramla NE, Er-Ramla SO et Sfax SE)
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islands of Kerkennah is 14.5 thousand hectares, the most important is that of the
imadat of Mellita with 4643 ha. While the imadatd of OuledYaneg occupies the
smallest area of 274 ha.

The Kerkennah archipelago belongs to the arid bioclimatic stage, and it enjoys
a relatively pleasant arid Mediterranean climate with a hot and dry summer and a
mild winter. The topography of the archipelago is characterized by low slopes and
an almost flat, monotonous relief. The maximum altitude is 13 m above the hill of
Ouled Ezzeddine. Its profile is marked by a succession of depressions from 1 to 5 m
of depth “Bh’Iret” which do not exceed 3mof depth. These depressions are separated
by strings of muddy sand called “Dhaar” in which important deep oaks depressions
connecting the “Bh’Iret” to the high seas were cut, depending on the direction of
the tidal currents [26]. Atlas of the governorate of Sfax. General Direction of Spatial
Planning. 105 p (French). The sebkhats correspond to the depressed areas which
cover an area of almost 62 km2 and develop in the coastal areas and extend into the
interior of the archipelago. They correspond to soils without vegetation because of
the high salinity. These lands are bordered in places by sea marshes [27] (Fig. 2).

Thegrounds of the archipelago are generally light andpoor in organicmatter. From
the sector of Ramla northward grounds are characterized by calcareous crusting. In
this sector, a big part of lands became salaine. In the region of Mallita towards Sidi
Youssef, wemeet sandy grounds andmuddy sablo. The low surface of the Kerkennah

Fig. 2 Depressions separated by strings of muddy sand [27]
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Islands and its flat topography does not favor the establishment of important river
systems. The streaming is essentially diffuse.

The drainage of grounds is made through small soil erosions passing by towards
sebkhas which communicate with the sea during the high swamps. Groundwater
aquifers are especially accommodated in marly sands dating the Quaternary. They
are often situated unless 3 m of depth. The salinity is generally lower à3 g/1, whereas
the thickness of the water lens is very low. They are of the order of 1 m, and it
exceeds it only locally. The vegetation of Kerkennah belongs to a mediterranean-
steppic domain, with a steppic series of the Juniper of Oleaster. The steppe of white
Artemisia (Armoisa herba alba) who distinguishes steppes of crusts limestones and
firmly packed, fine grounds in muddyand the steppe of rural artemisia (Artemisia
campestris) who characterizes the steppes of the sandy grounds are present with
farming [28]. The Kerkennah delegation has a total area of 14,582 ha, including
8472 ha of agricultural land. It is characterised by an extensive system based mainly
on sheep breeding. This is in addition to the emergence of irrigated crops on an area
of 400 ha. Most of the cultivated land is planted by olive trees, associated in some
farms with pomegranates or vines, in addition to palm trees growing spontaneously
and which are scattered throughout the islands. Some farmers cultivate fodder crops
in the middle with plantations but on relatively limited areas depending on the annual
rainfall. The total area of agricultural land is 8300 ha, more than half of which are
pasture land.

Sheep breeding is the most widespread in the islands, with a total population of
10,107 head. The average number of head per farmer is 20.336 head for goat breeding
and 76 head for cattle. Concerning poultry, there are two chicken breeding farms,
with 8000 farm chicken breeding poultry. The feeding of the herd is based on grazing
the areas of the range bordering the houses and complementing by the purchase of
straw and hay. Farmers preserve a kind of harvested grain barley from their plots
to make up for food shortages in their herds. Recently, dairy cattle production has
declined due to the constraints faced by farmers, in particular, the increase in feed
loads and the difficulties of disposal [29]. Fishing in Kerkennah is a very ancient
activity and is based on centuries-indigenous. Currently, it remains the main activity
of the archipelago, providingmore than 40%of the jobs. Themain fishing ports of the
island are those of El Ataya and Kraten. Along the coast, there are also several others
more or less important landing sites. Fishing techniques in the Kerkennah Islands
are distinguished by the practice of cherfias and come in various forms: fixed fish-
eries (fish fishing); gillnets (fish fishing); nasses (fishing for fish); gargoletlonglines
(octopus fishing) and harpoons (sponge fishing). Fixed fisheries mainly develop in
the south-west of Gharbi Island (between Sidi Youssef and El Kantara) and between
El attaya and El Kantara. Average production in the years 2000–2006 is just half that
of the 1980s [30].
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4 Methodological Approach

The survey questionnaire was designed to be adaptable to the diversity of experi-
ences but with a fairly strict framework so that the data could be analyzed more
easily. We, therefore, chose to use as many closed questions as possible, often with
multiple choices, but by giving, when thought it necessary, the opportunity to make
a free comment to complete the answer. The preparation phase is used to acquire the
knowledge and information necessary for the implementation of the survey method.
The survey questionnaire was designed to be adaptable to the diversity of experi-
ences but with a fairly strict framework so that the data could be analyzed more
easily. Initially, data was collected based on the number of breeders: number of
sheep/head, number of cattle/head, number of goats/head and number of house-
holds/imadat for each designation. Then we calculated the percentage of the total
number of breeders/imadat. For each designation, we took the 10% of breeders to
collect 100 breeders (Table 1).

The design of the survey is based on the principle of asking general and then
specific questions. More than 20 questions were asked, grouped into four parts:
farmer identification; general characteristics of the production system, production
system, and breeding system. The information collected is recorded in the current
Excel tables. In view of the large volume of information collected, four tables have
been designed in the: identification of farmers; general characteristics of cultural
system; livestock system and agropastoral relating to the previous organizational
charts. Each table constitutes a pre-analysis matrix. In each matrix, the sum and the
percentage per product are calculated.

Table 1 Breeders’ choice by
imadat

Designation % of breeders/nbr of animals
by imadat

10% of breeders

Mellita 14.7 23

Ouledezzidine 50 6

OuledYenig 16.7 5

OuledKacem 34.9 10

OuledBouali 11.2 6

Ramla 9.9 6

Kallebine 15.4 6

Charki 30.3 6

Ataya 11.5 11

Najet 33.7 13

Kraten 19.4 8

Total 100
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5 Results

5.1 Identification of Farmer

5.1.1 Key Activity and Socio-professional Category

Figure 3 shows that the survey has been done with the participation of 38% women
and 62% of men. However, Fig. 4 highlighted that fishing is the main activity of
the Archipelago (21%), followed by agricultural activity (10%). The percentage of
housewives contains part of these two part-time activities. The rest of the socio-
professional categories vary between different full-time or part-time activities. With
regard to off-farm activities, fishing occupies a significant or even important place by
presenting 21% of extra-agricultural activities. The main source of income for half
of farmers is the benefits of agricultural products. This result confirms the results
obtained previously, fishing is a socio-economic activity that is considered as an
additional source of income and to improve the standard of living.

Fig. 3 Gender of
investigated populations

Fig. 4 Socio-professional
category
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5.1.2 Family Structure and Farmer’s Intellectual Level

The majority of farmers are between the ages of 46 and 60, which can be explained
by the attachment of farmers to their land and the fact that young people are not
interested in farming (Fig. 5). The family structure is characterized by more or less
numerous families with 5 to more than 7 individuals. This explains the importance
of human resources on the farms.

Nearly half of the inhabitants of Kerkennah are illiterate. The intellectual level
of the rest of the sample is divided between primary, secondary, and third cycle
(Fig. 6). The majority of farmers joining Agriculture and Fisheries Development
Group (GDA) and the Tunisian Union of Agriculture and Fisheries (UTAP) are
important among large farmers who would like to increase their productivity while
being involved in decision-making within these different structures. This explains
the lack of extension and the farmer’s bad conscience.

Fig. 5 Farmers’ age

Fig. 6 Farmers’ educational
level
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5.1.3 Geographic Distribution of Livestock Producers

The distribution of breeders and their housing is based on the number of households
and breeders per imadat. Figure 7 shows Mellita is the busiest space occupied by

Fig. 7 Geographical distribution of breeders-farmers

herders (20% of farmers). In second place are the regions of Ramla, Ataya, andNajet.

5.2 General Characteristics of the Production System

The analysis in Fig. 8 show that the breeding system dominates with a percentage of
43% compared to the other areas associated with breeding such as arboriculture, irri-
gated, and dry crops. This is due to the high rate of family breeding in the archipelago.
The distribution of production system areas varies from a minimum of 1 ha to a
maximum of more than 5 ha. As for the spatial distribution, there is a variety of trees,
fallow land, and grazing crops. There is a dominance of arboriculture, of which 57%
are farmers who own their agricultural land (private or collective) and who practice
field crops. The others (43%) only practice livestock. The most widespread form of
direct exploitation is the most important in the region. Several factors, including the
fragmentation of land ownership: the predominance of large families and the low
level of agricultural investment, explain the development of direct marketing (owned
by the operator) in the Kerkennah area.
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As far as extra-agricultural activities, fisheries play an important role, accounting
for 21%of extra-agricultural activities. Themain source of income for 57%of farmers
is the profits from agricultural products. This result confirms the results obtained
previously, fishing is a socio-economic activity which is considered as an additional
source of income, and in order to improve the standard of living.

5.3 Livestock System

The livestock of the farmers consists mainly of sheep, cattle, and goats. There is a
predominance of sheep breeding with 73% of the types of breeding practiced in the
island of Kerkennah, 19% mixed breeding (sheep and goats), 4% cattle breeding,
3% goat breeding, and 1% mixed breeding (cattle, goats, and sheep). Transhumance
herds with a percentage of 61% compared to sedentary herds with 39% of the herd
(Fig. 9).

Fig. 8 Characteristic of Kerkennah Archipelago’s production system

Fig. 9 Mixed breeding in Kratten
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5.3.1 Characteristics of Cattle Farming

Structure of Cattle Farming

The cattle farming is intended only for the dairy production of Holstein/black pie
cattle. The livestock may from Sfax origin (40%) or Kerkennah origin (60%).
However, 80% of cattle herders have a barn with a family workforce (Fig. 10).

Fig. 10 Cattle breeding in Kallebine

Figure 11 shows that before 2011, more than half of the cattle livestock of the
archipelago contains more than 20 heads. While this proportion is totally reversed
after the years 2011 indicating a significant reduction in the number of cattle heads,
less than 5. Indeed, according to the breeders, the reduction in the number of cattle
is accentuated more and more because of the closure of the collection center. Hence,
milk production is generally oriented towards self-consumptionwith a small quantity
marketed.

Fig. 11 Cattle numbers before 2011 (on the left) and after 2011 (on the right) in Kerkennah
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Conduct of Cattle Farming

Only 20% of farmers rely on a full diet of hay, concentrates, and forage crops. Other
farmers (80%) use above-ground feed. This is due to the fact that farmers do not
cultivate fodder crops due to the lack of irrigated in the Kerkennah region with the
exception of Mellita, Ramla, and ouled-Ezzedine.

The distribution of food differs from one breeder to another. Usually, it is done 3
times/day, with a frequent amount of concentrate distributed. For those with small
numbers, the quantity is 1.5–3 kg cc/d. For the rest of the farmers, they distribute
a small amount because of the high food prices. Thus, 80% of breeders have an
intensive (landless) or above-ground breeding. Due to the increase in concentrate
prices, smallholder farmers cannot provide an adequate ration for dairy cattle to meet
their daily needs. They use certain complementary foods such as bran and barley,
believing that it constitutes a complete ration. However, this will greatly affect cow
productivity, production, and health. However, a mortality rate of 1–3% is noted in
cattle of 60% of the surveyed breeders. In addition, the majority of newborns who
are dead have diarrhoea problems.

Beef Farming Practice

The free and compulsory vaccines applied for cattle breeding are foot-and-mouth
disease, tuberculosis, and brucellosis. All breeders benefit from these vaccines
without exception. With regard to prepaid vaccines, only 80% of breeders apply
them for their flocks. These vaccines are presented as a means of prevention against
antiparasites, enterotoxemia, and browning. In addition, 80% of breeders have prob-
lems with the level of driving: no milking parlor, no milking machine, no storage
room, no water tank, and electricity group for water intake, watering of cows and
non-practice of the drying technique.

5.3.2 Characteristics of Sheep Farming

Flock Structure

In the archipelago, most farmers breed sheep from a cross between the Barbarine
breed and theWestern Tail Fine breed is known locally as Cherki with a percentage of
more than 30%of the total. Generally, flocks are small and large flocks fairly common
in the past have become very rare. The decrease in the numbers of small ruminants
is mainly due to the decrease in agricultural products and by-products of the farm
and the increase in prices of staple food and the ignorance of the farmer, breeding
conditions (watering, veterinary care, construction of sheepfolds, etc.). Most of the
herd has only one sheepfold, except in large farms; there are several sheepfolds that
separate the herd according to their different physiological state and their different
driving technique.
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Conduct of Sheep Breeding

The distributed basic ration differs from one herd to another, but the majority of
herders (68%) use hay, concentrate and agropastoral foods as a complete basic ration.
Indeed, the feeding of the herd is based on a system of breeding above ground and
cultivated, other breeders insist on their conduct only on the food of purchase (except
ground). The amount of concentrate feed distributed/head/day varies between 100
and 700 g/head/day with 74% of farmers using 100–500 g/t/d of concentrate. The
foods of complementation are very varied in the archipelago.

However, the return to production of planted olive groves produces large quantities
of food (olive cake, olive leaves) used by farmers for the nutrition of their herds. This
development of arboriculture has allowed, in some agro-pastoral farms, integration
between livestock and agriculture which has resulted in an intensification of the
breeding systemwhich becomesmore productive andmore profitable. In these farms,
the coverage of supplementation with fodder produced on the farm is relatively low
compared to the cropping system (Fig. 12).

Fig. 12 Complementary feeds used for sheep by Kerkennah breeders: a by-product of the palm
(on the left), olive leaves (on the right)

The main complementation foods are barley and bran, which represent respec-
tively 28% and 18% of feed units given to animals. The importance of the role played
by barley in the complementation explains the continuous extension of cereal plant-
ings in the rangelands, despite their low yield and their very negative impact on the
conservation of resources in arid zones. The distribution time of food is generally 2
times/day (54% of farmers) taking into account that the majority of herds are tran-
shumant. Nevertheless, 36% of the farmers make the distribution 3 times/day and
the rest for 4 times/day (Fig. 13).
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Fig. 13 Manual distribution of concentrate feeds to Gremdi Island

Sheep Farming Practice

93% of the breeders do not apply the flushing technique, 90% of the breeders do not
apply the steaming technique, and 82% of the breeders do not apply the technique of
creep feeding. This can be explained by the lack of a precise breeding technique. The
free and obligatory vaccines are blue tangue, enterotoxemia, foot-and-mouth disease,
sheep pox, and brucellosis (Fig. 14). 86% of breeders use these vaccines, the others
who are from Ataya imadat refuse to contact the veterinary services. Regarding pre-
paid vaccine, 59% of farmers apply this vaccine to their flock. Shearing sheep is done
in May, April or June. However, most farmers apply this technique in May with a
percentage of 49%. Anti-squamous bath is a mode of fight against external parasites.

As a performance criterion; prolificity that has a zootechnical performance was
used. According to the surveyed breeders, the number of lambing/year in 65%
of breeders is presented by a single newborn/year, 31% of breeders reaches 2
lambing/head/year. The others may have a newborn/2 year. Analysis of the breeding
of sheep shows that 94% of practice and the lack of extension. Except for ranchers
who use this technique to improve the size of their herds. In fact, 6% of breeders
apply the ram effect taking into account the number of existing sheepfolds. Many
breeders use palm pollen as a means of ram sexual activity during the mating period.
62% of breeders use the reform of rams at the age of 1–2 years, 32% at the age of
2–5 years, and the others for more than 5 years. However, 63% of breeders have a
mortality rate of 1–3%.

The sorting criteria vary between breeders, 14% of breeders consist of the confor-
mation of the animal, 10% on the conformation and criteria of the sheep mother and
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Fig. 14 Treatment of the
free vaccine by the
veterinarian of the
archipelago

77% of breeders do not practice this sorting technique. The products sold are sheep
meat and wool; 79% of the products are only meat and the rest are wool and meat.

5.3.3 Characteristics of Goat Farming

Goat Structure

The production destination of goat breeding is estimated as following 100% fattening
compared to milk production which is very negligible since in Tunisia the consumer
prefers cow’s milk, despite the benefits of goat’s milk. Speaking about the breeds
present in Kerkennah, we find two main breeds which are: (i) local (Tunisian) breed
with 49% of the herd, (ii) Damasquine breed with 20% of the herd and (iii) alpine
breed (imported) with 31% of the herd.

Nevertheless, the majority of breeders have sheepfolds with a percentage of 89%,
which indicates that the livestock sector has a very important role in the agricultural
economy of the Archipelago (Fig. 15).

Conduct in Goat Breeding

The number of lambing in the goat exceeds 1 new born/year the mating season is not
against the season. There is also a lack of triage within the goat herd.
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Fig. 15 Goat farming in Kallebine imadat

Practices in Goat Breeding

The type ofmobility encountered is transhumancewhich is a seasonal, cyclicalmove-
ment of the breeder and his herd in search of better food conditions. Neither Flushing
nor steaming nor creep-feeding is applied by goat breeders. Free and compulsory
vaccines are applied to all goats. However, the prepaid vaccine is applied only by
21% of breeders. This is the parasite vaccine. 21% of breeders use the services of
the veterinarian alone in case of an emergency. The scab bath is a technique applied
in August in the sea by 21% of goat breeders.

5.4 Agro-pastoral Forage System

According to data analysis, 76% of farmers have agro-pastoral systems whose type
of crop system has the following percentages: 65% of farmers rely on grazing land,
11% of farmers have forage crops, and the rest of the farmers rely on two types of
crops.
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5.4.1 Parcels Cultivated in Forage Crops

The spatial distribution of plots grown in forage crops is shown in Fig. 16. The largest
percentage of parcels are in Ramla (36.10%). The area of the plots varies: 70% of the
plots have an area between 0.5 and 1 ha, 20% of them have an area greater than 0.5 ha,
and the rest of plots have an area less than 1 ha. The distance of these plots from the
head office of the holding varies from 10 m to 1 km or for 90% of the farmers. This
distance is greater than 150 m. On the other hand, these plots are generally private
(85%), the others are collective (13%) or public (2%).

Based on the synthesized forage calendar, alfalfa is sown throughout the winter.
Whereas feed barley is usually sown only once a year (46% of the plots are grown in
alfalfa and barley and 31% in barley and alfalfa). Harvest products are either grown
and given green to the animals or dried and kept until winter. This helps to address
food deficiencies in winter. Sorghum is often grown only once a year, and some
farmers spread their production over two years (Table 2).

Fig. 16 Share of forage crops by Imadat in Kerkennah



110 F. K. Allouche et al.

Table 2 Feed schedule applied by farmers in the archipelago

Sep. Oct. Nov
.

Dec
. Jan. Feb. Mar

. Avp. Ma. Jui. Jul. Aug.

Alfalfa

Sorghu
m

Barley

Cultural Techniques

Themethod of irrigation for dry plots accounts for 72%compared to 28% for irrigated
plots. The type of irrigation can be either in the form of a water valve (94%) or a
water basin (6%).

The distance between the plot and the water points is about 100–500 m for 50%
of the farmers, 100 m for 36%, and more than 500 m for 24% of the farmers 14% of
farmers apply amendments, and 81% have access to organic matter (manure) after
each crop. Phytosanitary treatment is absent.

Grazing and Cutting Action

84% of the herders estimated that 20–50 sheep graze in the plot and the rest of the
herders practice mixed breeding of 20–50 sheep and 20–0 goats on the cultivated
plot.

The time left per day for the flock is divided as follows:

• For 2 weeks (87% of the herd stays 1–3 h, and 13% of the herd stays 4–7 h and
those in barley and alfalfa plots (flowering stage);

• For 3 weeks (87% of the herd stays 1–3 h, and 13% of the herd stays 4–7 h and
those in the plots grown in sorghum.

Farmers estimate that the herd can be kept either by the breeder himself (24%)
or the breeder and his family (14%) or by a worker (62%). The workforce is 100%
permanent.

The cutting period differs from one forage species to another. For barley, the
cutting period is 1–4 months with 1 cut/4 months. For alfalfa, the cutting period
varies from 1 to 2 months, with 5 cuts/year for 5 years. Whereas for sorghum,
6 months are recorded as a cut period with 1 cut/year. Thus, the food value of the cut
food of the plot presents for 80% of the breeders as a basic ration and for the others
is considered as a supplement. Finally, the destination of the sold crop can be either
for self-consumption (96%) or for sale (4% of breeders).
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5.4.2 The Forage Course

The map of the transhumance circuits adopted by the breeders of the Archipelago
is illustrated in Fig. 17. It is noted that the majority of Kerkennah breeders prac-

Fig. 17 Transhumance circuits adopted by the Archipelago breeders

tice transhumance while those of imadats of Mellita and OuledEzzdine do not
apply this technique. It is mainly attaya breeders (22%) who practice transhumance,
which according to them, this technique has important benefits on health and animal
productivity.

Pasture on the Forage Course

96% of the breeders exploit routes all year long. The reason of the access to the
pasture to the majority of the breeders is to assure the basic ration of the livestock,
for the 11% of the breeders it is complementation.

Type of Vegetation

Animals are led on routes to steppic vegetation. This plant place setting is subjected
since a few decades to overexploitation which is translated by the rarefaction the best
pastoral species. To cover the fodder deficit of routes, complementation, often with
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barley, is given to animals. The duration of the complementation varies according
to the years from 3 to 12 months by the years. Widely state-subsidized feeds at the
beginning of the years, allowed the intensification of the breeding and the increase
of staff on routes.

Cuts of Route Plants

35% of the breeders make one cut per day, and the others apply 2–4 cuts/week. The
taken species are thyme, artemisia champetre, atriplexe, artrocnemum and cactus.
The people who cut Plants on the route are generally the breeders. The interest of
these plants is to be used as complementation for 87% of the breeders.

6 Discussion

According to the results presented previously, we note that the sector of breeding
is averagely developed in the Archipelago. It is only the big breeders who follow
the standards of breeding; the oldest of them are convinced by the application of
traditional conduct, but the young one tries to improve their conduct. However, the
closure of the collected center since 2011 has strongly contributed to the reduc-
tion of the application of the bovine breeding in the Archipelago. So, there is a
clear need for agricultural extension services to support education and awareness of
breeders. In the Archipelago, a dominance of the ovine breeding (73%) based on an
aboveground farming system is noted. The majority of the breeders use the hay, the
concentrated, and the agropastoral food as basic ration completes what establishes
a constraint. Furthermore, the analysis of the ovine reproduction system shows that
94% of the breeders do not practice the mating against the season, which explains
the lack of knowledge of the breeding conduct. Also, more than half of the sheep
and goat breeders do not apply the techniques of flushing, desteaming and of creep-
feeding. This ignorance establishes a constraint for the development of the sheep
and goat breeding in the Archipelago, from where the importance of the popular-
ization. According to the future strategy planned by the Archipelago farmers, they
provide the increase of the cultivated areas in barley and olive grove and the intro-
duction of the smooth cactus to ensure the success of their breeding. The increase
in goat numbers is expected. However, attention is paid to rangelands since 65%
of breeders apply transhumance. Mapping the transhumance circuits adopted by the
breeders of the Archipelago shows the interest of this technic, but it is necessary to
study these displacements to ensure the conservation of the natural resources of the
Archipelago ensuring the sustainability of natural resources. This first diagnosis of its
kind applied mainly to the breeding system of Kerkennah’s archipelago has allowed
a detailed characterization. However, this work deserves to be more thorough and
completed to identify the agrarian system of the whole archipelago. Few works have
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been followed in this context but others have treated biodiversity [31], sustainable
management [32], ecotourism [33] and [34], plant diseases [3] etc.

7 Conclusions

In Tunisia, the agricultural sector remains of great economic and socio-political
importance because of its contribution to the achievement of national objectives
in terms of food security, income generation, employment, regional balance and
management of natural resource [35]. However, the scarcity of water resources, soil
salinity and the frequency of high winds are all factors that did not favor the develop-
ment of agricultural and livestock activities that remained subsistence activities [36].
Thus a good diagnosis will allow a better analysis of the agrarian system. Moreover,
the applications of new technologies such the use of high resolution images, GIS
spatial analysis and mapping will better improve this diagnosis.

According to results found in this research, this agrarian system can be classified
from the major MENA farming systems to the Dry landMixed System one identified
byDixon et al. [37]. These authors havementioned that during the period 2000–2030,
the population of MENA region is projected to almost double from its present. This
could have a considerable negative impact in areas with fragile or vulnerable soils
and sloping land, andwill certainly be of importance for water resources everywhere.
Then, some priorities proposed by them for this kind of system can be recommended
to our case study.

• Priorities should be focused on regulatory measures for access and use of land
and water resources, as well as on technology development.

• A new approach to research is called for in order to develop crop varieties with a
shorter growing period, drought resistance, and improved grain and straw quality.

• Pastoral areas could be managed sustainably through the revival of, and support
for, older institutions for control of communal grazing areas.

• Monitor management systems, including both urban-based and pastoral stake-
holder groups.

• Apply a new legislation that will protect the steppe environment and ensure sound
long-term management of soil and pasture resources.

• Introduce the concept of agricultural sustainability and global food security.

8 Recommendations

The development of the extension to the farmers by integrating the approach of the
participative management will play a crucial role in the development of the agrarian
system and will ensure sustainable conservation of the agro-pastoral resources of
the Archipelago, and then it is recommended to support education and awareness of
breeders.
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Likewise, we recommend decision-makers to use the agrarian diagnosis method
merged to new agronomic technologies for planning a future strategic plan [38]. Has
proposed the introduction of this technology to improve the quality production, with
the concern to save water in irrigable areas and to cultivate varieties adapted to the
weakness and the irregularity of the pluviometry in rain-fed areas, using energy-
saving techniques energy and inputs from oil. The recommendation can be applied
to different MENA agrarian systems.
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Precision Farming Technologies
to Increase Soil and Crop Productivity

Abdelaziz A. Belal, Hassan EL-Ramady, Mohamed Jalhoum, Abdalla Gad,
and Elsayed Said Mohamed

Abstract Excessive information, and practical experience, in crop and soil manage-
ment, and new agriculture technology, have been accumulated over time. To meet
the increasing need of humanity for food, a new farming concept known as Preci-
sion Farming (PF) or Precision Agriculture (PA) or Site-Specific Land Manage-
ment (SSLM), is developed in recent years. This concept is a new approach leads
to develop the agricultural processes for increasing soil and crop productivity,
while saving efforts and costs. Precision farming includes many techniques such as
Global Positioning Systems (GPS), Geographic Information Systems (GIS), Remote
Sensing (RS), Yield Monitoring, Variable Rate Application (VRA), Yield Mapping,
Site-Specific Management Zones (SSMZ) and Crop Modeling. SSMZ is considered
as an important factor of PF application. SSMZ delineation can be improved based
on the accuracy of determined of soil and crop characteristics which are used for
managing and sustaining soil functions. The improvement of land management, at
the field scale, will be based on better characterization of soil variability and crop
properties within-field. This can be carried out throughmapping soil and crop proper-
ties with high resolutions, compared with the traditional way. The goal of delineating
site-specific management zones (SSMZ) is to get a better explanation of the actual
variation within the field. Soil sampling by traditional methods and laboratory anal-
ysis are not cost efficient or timely enough. The Grid soil sampling and management
zone are found the most important methods for precision farming to collect soil
samples. The grid soil sampling is elaborated by dividing a field into a square of
cells. However, recent research estimated single soil chemical and physical attribute
by using various sensors order to reduce costs and improve management zone delin-
eation. SSMZ map can be produced from a single layer of data, or combinations
of different data layers including, topographic attributes map, yield map, soil maps,
and soil nutrients maps. The farmer can use SSMZ map to select which produc-
tion and management strategies plans are required and where they should be placed.
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Therefore, Implementation of this technique under the status of developing countries
is necessary to increase soil and crop production, reduce costs, increase farm prof-
itability and reduce environmental risks and desertification processes (Mohamed in
Arab J Geosci 6:4647–4659, 2013 [1]).

Keywords Precision farming · Management zones · RS · GIS · GPS · VRT

1 Introduction

Crop cultivation, of course, dates back to the earliest age of humankind. The human
has been cultivated and managed soil and crops since the ancient ages. The soil and
crop management ideas have been developing with the civilization. Although most
of the efforts of ancient people mainly in collecting foods for their life, their efforts
increased by the time about soil and crop management as well as the development
of new advanced farming techniques [2, 3]. The few examples of such activities
are shifting cultivation, crop rotation, irrigation and manure their fields. With the
time goes, the people become more and more worried about crop and soil manage-
ment practices which have the main effect on increase soil and crop production.
Identification of site-specific for crop requirements, e.g., soil and climate, fertilizer
and manuring, information on the monitoring of pest and disease and their control
measures give the farmers’ ability to plan and manage their field and other agricul-
ture operations in an efficient method to increase farm income [4–6]. Conventional
farming management plans use a whole-field, in which each field is treated as a
homogeneous area, and the variability in soil properties, topography attributes, local
weather conditions, and land use and land cover are not considered [7–9].

In precision farming (PF) or Site-specific landmanagement (SSLM), the farmfield
is classified into “site-specific management zones” depending on soil pH, yield rates,
pest invasion, and other factors that affect soil and crop production. Management
decisions become in need for each zone andSSLM tools [10, 11], for example, remote
sensing, GPS, and GIS are used to observe zone variable rate inputs. This method
differs from traditional farming due to the traditional farming used a “whole field”
approach where the field is considered as a homogeneous area, but SSLM method
classifies the field into zones based on the field variability [12, 13]. Management
decisions in traditional farming depend on field averages and inputs, which applied
uniformly across a field. The advantage of PF or SSLM includes management zones
with a higher possibility for an economic return receiving more inputs if needed than
less productive areas. Therefore, the maximum economic return can be achieved for
each input through the field [14].

The application of new advanced technology in order to increase agricultural
productivity becomes an urgent solution to meet the food demand of the growing
population [15]. The rapidly changing in the world and decreasing arable land due to
urbanization and industrialization, the agricultural productivity needs a 70% increase
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in production levels. There are many new innovations in information and communi-
cations technologies that can be used in the agricultural sector in different areas of
precision farming, including the use of farm management software, wireless sensors
and the use of the agricultural machinery. Remote sensing technique is an important
factor in precision farming [16].

Different components of technologies used in precision farming include remote
sensings such as satellites, aerial photography, UAVs, GIS, GPS, the variable rate
application, andgeostatistics. This geostatistics technique is an associated technology
with precision farming, and it is known as a part of applied statistics. It used for
calculates the spatial dependence and spatial structure of measured properties and
in data transformation, uses that spatial structure to detect values of the properties
at unsampled locations on the field. The Interpolation is a method normally used for
predicting unknown values of neighboring locations. Also, spatial modeling can be
considered associated techniques used for precision farming and also is known as
variography, whereas spatial interpolation is called kriging [17, 18].

There are several important applications for precision farming in arable land,
including increasing the efficiency of fertilizer use, depending on the three macronu-
trients nitrogen, phosphorus, and potassium. In the traditional agriculture, the rates
of these fertilizers are inputted uniformly distributed everywhere on the field at
specific times within the year. This precision farming is allowed to increase different
applications in some locations and reduced applications in others ones. Many envi-
ronmental risks are generally based on the increasing agricultural inputs, which it
leads to nitrogen and phosphorus leaching from the field into the surface and ground
waters. By using PF technology, fertilizers could be applied in more accurate quan-
tity in different spatial and temporal component to improve the variable rate appli-
cation [19]. This technique is called Variable Rate Application (VRA). It allows
the farmer to be able to control the quantity of fertilizer rate inputs in agriculture
lands, which it contains a variable-rate (VR) control system with application equip-
ment to apply variable rate inputs at an accurate time and location to understand the
site-specific management variable rate application. These VRs are designed on the
basis of previous measurements from remote sensing or machine-mounted sensors.
Complete Variable Rate Technology (VRT) systems built from the integration of
Differential Global Positioning System (DGPS) receiver, computer, VR software
and the controller to make VRA work [20, 21].

2 Definition of Precision Farming

Precision farming or precision agriculture has many definitions, and these defini-
tions are often affected by the commercial equipment or technology currently in
mode. Precision farming can be defined as a management system, which it depends
upon the information and technology or is site-specific management and it uses
one or more of the following data sources: soils properties, crop growth parame-
ters, nutrient maps, pests, soil moisture content and yield map, for maximization



120 A. A. Belal et al.

of the economics, sustainability and conservation of the environmental farm [22].
On the other hand, precision farming refers to the systems that assess variability in
soil and crops through the field. Then, Information, which was collected in these
assessments, could be then used to develop site-specific management practices for
optimizing soil and crop yield production [23, 24]. The term of precision agriculture
can also be known as the precision farming systems, Site-Specific CropManagement
(SSCM) or Site-Specific LandManagement (SSLM). Moreover, SSLM is defined as
the method for managing cropland based on the local environment using the current
field variability techniques. It can also be defined as the management of local vari-
ability in SSLM plans [5]. Meantime, site-specific crop management is the manage-
ment of soil and crop production inputs such as water requirements, fertilizer rates,
gypsum requirements, seeds, herbicides, insecticides in the soil on field variability
basis such that it would support to reduce waste, increase profits and protect the envi-
ronment from risks [25–27]. SSLM seems to be one of the advantage technologies
in soil and crop production in a new century. Panda et al. [28] defined site-specific
crop management as one way of precision agriculture, which involves geospatial
reference, soil, crop and climate monitoring, variability mapping, decision support
systems and differential action to increase soil and crop production with minimal
input.

3 Benefits of Precision Farming Technology

According to Folnovic [29], the goal of precision farming is to increase agricultural
yield production and decrease the environmental risks. However, the benefits could
include the following points:

• detecting soil properties and plant physicochemical parameters including elec-
tromagnetic conductivity inductions, nitrates, temperature, evapotranspiration,
radiation, leaf area index and soil moisture,

• getting data in real time by installing the remote sensing instruments in the fields,
allowing continuous monitoring of the selected attributes and will offer real-time
data, ensuring an updated status soil and plant parameters at all-time as well as
getting better information for management decisions and farming planning,

• saving time and decreasing the costs through reducing fertilizer costs and other
agrochemical applications by reducing the use of chemicals as well as reducing
tillage operation,

• supplying the farmers with good farm information and databases, which it is
essential for sale and succession and

• integrating farm management software, like Agrivi, to make all farm activities
easier and to increase farm productivity.

The increased efficiency of the management plan will come about through a good
understanding of the interaction between environment, soil, crop and more detailed
information using of new advanced and current information technologies such as
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short and long-term crop growth modeling, soil conservation, climate predictions
and agro-economics modeling. Precision farming management is a cyclical process
(Fig. 1). The farmer can start farming depending upon “site-specific land manage-
ment” information and needs seasonal planning, the program of data collection, and
analysis of data in order to complete the cycle of the precision farming management
strategies plan. Soil analysis should be don before planting, and data analysis also
should be finished for calculation and mapping of the variability in soil properties,
which will be used at any time and by any method for variable rate application.
Through crop growing season, the monitoring crop condition will do by starting the
work by monitoring different values of seeds based on the data and use the variable
rate application of fertilizer, which is determined based on soil, plant and water anal-
ysis. Crop growth is accomplished for research on many attributes such as variability
of soil properties, water requirement, weeds, pests or diseases. At harvest time, the
yield crop monitor system which is installed inside the combine provides the varia-
tion in soil and crop growth status based on the geographic location and map of crop
growth status across the farm according to its geographical location [30, 31].

In order to collect and use information with high effectively and efficiently, it is
significant for the farmerswho used precision farming should have a good knowledge
of the new tools of precision farming technology. These new precision farming tools
are content hardware, software and recommended practices [32].

Fig. 1 Precision farming cycle (modified after Goswami et al. [30])
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4 Global Position Systems (GPS)

There are many applications for global position systems under precision farming
approaches, including mapping of soil and crop variability, farm management plan-
ning, soil sampling design, machinery orientation, crop scouting, variable rate tech-
nology, application mapping and yield mapping. The farmers can use GPS under
different conditions such as low field visibility like rain, dust, fog, and darkness.
Several tools could be developed for GPS by equipment manufacturers. They help
farmers and agribusinesses to increase soil and crop productivity and effectiveness
in their precision farming strategic plans. GPS equipment could be used to collect
georeferenced information for delineation field boundaries, collect soil and plant
sampling, variable rate application, roads network, irrigation and drainage systems,
and crop scouting, e.g. waterlogged, weeds or plant disease. Increasing the accu-
racy of GPS enables farmers to produce farm application maps with high precise
acreage. Also, farmers could use a GPS system to go to precise locations within the
field, periodically, to collect plant and soil samples or detect plant growth status.
The possibility to collect information about farm activity with Geo-reference gives
farmers the ability to analysis, interpretation, map and visually characterization for
agricultural processes. These provided vision into both production variability as well
as inadequacy in soil and crop production and farm operations [33]. Using a Differ-
ential Global Positioning System (DGPS) is the best way to reduce GPS errors. This
DGPS is included two things space and ground-based segments that together contain
a radio-navigation facility in a DGPS system, where the GPS receiver antenna is
placed at a precisely known location. GPS errors will calculate depending upon this
receiver station by matching it is with the existing location to the location calculated
from the GPS signals. This error information is sent to the machine receiver antenna,
which uses it to correct the position information which it is calculated byGPS signals
[34]. DGPS corrections can be broadcasted by tower-based or satellite-based systems
(Fig. 2).

5 Remote Sensing

The termof remote sensing (RS) is to collect information froma distance for an object
without physical contact and analysis, process and interpretation of this information.
According to [36], reported that the earth is considered as important to study target
by remote sensing. Remote sensing devices are normally collect and measurements
of electromagnetic energy. These contain a wide range from the human eye to remote
sensing satellite which is used for precision farming.

The most commonly remote sensing devices used for the precision farming appli-
cation are the color, color infrared aerial photography and videography usually adopt
for several applications in precision farming. Also, remote sensing can be used for
precision farming through a number of way for providing an application of soil
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Fig. 2 DGPS tower-based and satellite-based systems (modified after Soares et al. [35])

and plant growth status as well as variability to build decision support system and
management plan [37, 38].

5.1 Satellite and Aerial Photography Remote Sensing
for Precision Farming

Remote sensing images taken through the growing season are very important to study
crop status through the grown season and at its end the growing season (Fig. 3a).
Produced yield maps from remote sensing images can be used to give an idea about
farm management plan when the farmer does not have yield monitor systems [39].
The same authors mentioned the relationship between yield and the normalized
difference vegetation index (NDVI) is highly related. The results showed that yield
is highly significantly related to NDVI with a correlation coefficient of 95%. The
crop yield can be calculated from NDVI based on the strong relationship between
yield and NDVI. Figure 3c shows the crop yield map measure from remote sensing
images related to the relationship between yield and NDVI. This map shows the
yield variability within the field. Also, this yield map has the same spatial pattern
comparing with the colour-infrared image and classification map (Fig. 3b).

Hyperspectral remote sensing device is very important in agriculture application
depending upon it collect reflected information in a wide spectral range at small
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Fig. 3 a A colour-infrared
digital image, b a four-zone
classification map, and c a
yield map (modified after
Yang et al. [39])

spectral resolution is around 10 nm. It gives good opportunities to study soil and
crop characteristics [33]. Hyper-spectral remote sensing data can be used in precision
farming include the following:

(1)Getting images for the bare soil to delineationmanagement zones, (2) detecting
weed distribution, (3) monitor N stress in a plant, (4) produce yield mapping and (5)
monitoring plant disease and pest. Hyperspectral remote sensing imaging is impor-
tance tool for precision farming application through using it in the variable rate
application. It can be used to design management plan through the grown season for
nitrogen fertilizer depending on spatial variability in chlorophyll content within the
field [40].
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5.2 Unmanned Aerial Vehicle (UAV) for Precision Farming

The commercial name of Unmanned Aerial Vehicle (UAV) can be called UAV or
Unmanned Aircraft System (UAS). UAVs have been recently implemented in the
precision farming study in order to solve the limitations of conventional remote
sensing systems, e.g., satellites or aerial photo, which demonstrated to be incompe-
tent in addressing and monitoring agriculture problems. The availability and high
spatial resolution for satellite images at exactly crop growth status are the most
limitations in PF such as the range of time to get the suitable images is usually very
small. Based on this situation, UAVs have been normally used for image surveys such
as mapping weed in coffee farms, finding the anomaly in the fertilization delivery
system and determining maturity analyses [41]. UAVs have also been implemented
for analysis of soils variability, pest problems solutions, detecting variation in fruit
ripeness, and measurements nighttime temperatures for frost mitigation [42]. The
smaller size of electronics such as computers and remote sensing sensors gives a
new chance for increasing the efficiency of remote sensing applications. Despite
the current restrictive regulations, the use of UAVs equipment with small RGB,
hyperspectral, LiDAR, and/or multi-spectral sensors has become as a promising
alternative for produce modeling, mapping, and monitoring applications in soil and
agriculture management [43]. Increasing continuous technological developments of
remote sensing UAVs are increasing the spatial, temporal and radiometric resolution
of the image available for study the issue of land and cropmanagement. However, the
Low costs and small size of the UAV are benefits in recognizing agricultural moni-
toring. The three common types of unmanned aerial vehicles include: utilized fixed
wings, helicopters, and multi-copter (Fig. 4). The competence and applicability of
such systems depend on multiple factors such as the aircraft mass, payload capacity,
average dimensions, flying range, average speed, low expenses [44].

Elarab [46] used theUAS acquired imagery in the visual, near infrared and thermal
infrared spectra with spatial resolution of less than a meter (15–60 cm) and used
applied a machine learning algorithm (relevance vector machine) to the five band
imagery red (R), green (G), blue (B), near-infrared (NIR), and thermal infrared
(TIR) to estimate plant chlorophyll content, NDVI, LAI and leaf nitrogen content

Fig. 4 Three examples of UAVs: a fixed-wing; b helicopter; c quadrotor (after Valavanis et al. [45],
SpringerLink)
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Fig. 5 ShowUASTrue colour images,NDVImaps, LAImaps, and chlorophyllmap for the different
growth stages (modified after Elarab [46])

respectively for oat crops in modern center pivot irrigation sprinkler system (Figs. 5
and 6). The high spatial resolution imagery is taken by UAV proximately 15 cm
resolutions can be used to measure crop evapotranspiration or ET (see Fig. 7).

Low-cost remote sensing method like UAV is given a good chance for getting
images with high spatial resolution over the areas of different size comparing with
an aerial photograph and satellite images. The fixed wings or rotor-wing UAV are
used in soil and crop survey which it can fly in different locations and conditions.
UAV has a wide range application in the geomorphologic and environmental study
[47]. d’Oleire-Oltmann et al. [48] the low-cost remote sensing devices are used for
detecting and mapping soil erosion by water in Morocco. They studied the gullies
erosion due to it has a highly effect on soil degradation in arid and semi-arid regions.
Alexakis et al. [49] used UAV to study the soil roughness and soil erosion by water
in two different study area in Greece and demonstrated that, gully erosion affect soil
loss and soil degradation. Moreover, the assessment of the quantity of soil roughness
is essential and influence due to its effect on soil water holding capacity and soil
infiltration rate.
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Fig. 6 UAS, True-colour maps (left), the estimated plant leaf nitrogen estimate map (right)
(modified after Elarab [46])

5.3 Proximal Soil and Crop Sensors for Precision Farming

Remote sensing techniques include many different sensors system installed on
airborne or satellite platforms. Proximal remote sensing sensors record theirmeasure-
ments directly at the field where, the surface and subsurface soil properties can be
studied at specific locations [50]. This technology can be used at different levels
in the field, and it allows measuring a set of soil characteristics directly. The bene-
fits of single location measurement can use in different applications, produce high-
resolution digital soil maps based moving sensors and measurements are taken close
to the surface of the landscape [51]. There are two different proximal sensors one of
them for soil and the other for crops measurements. Crop proximal sensors have been
developed in the last two decades to measure physiological and morphological char-
acteristics such leaf area index, biomass, water stress index, plant height, chlorophyll
content, nitrogen content, that show the status of crops [52]. Proximal remote sensing
sensors are mounted on ground-based vehicles and its collect the remote sensing data
in the same way of the sensors that are used to collect aerial or satellite imagery. The
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Fig. 7 UAS, reflectance in false colour (left), Mapping Evapotranspiration with Internalized Cali-
bration (METRIC) reference evapotranspiration fraction (ETrf) output (centre), TIR (Celsius) map
(right) (modified after Elarab [46])

difference between the ground-based systems and aerial or satellite imagery, it uses
their light source to detect the soil and crop situations. Based on speciality, they can
be used 24 h a day and any day regardless of its condition. These sensors produce an
image in the area of the field, which they pass across. The information collected by
the sensor is transformed to a reflectance index directly. This can then be tagged with
location information from Global Navigation Satellite System (GNSS) and stored
to make a map for later use or used in conjunction with variable-rate technology to
control changes in fertilizer or chemical application while driving across the field
[53]. Figure 8 shows some of the proximal crop reflectance sensors. Commercially,
there are two types of sensors that can be used to measure soil salinity (EC) in the
field; contact and non-contact. Both of them give similar results.

The first sensor type is made of electrode coulters that contact with the soil and
measure the electric conductivity. This technique has two to three pairs of coulters
placed on a toolbar; one provides the electrical current to the soil (transmitting elec-
trodes), and the other (receiving electrodes) measures the voltage drop between them
(Fig. 9). The second sensors type is non-contact EC sensors based on electromag-
netic induction (EMI). Electromagnetic induction does not contact the soil surface.
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Crop circle (A)  

Yara N Sensor® ALS (B)  

Fig. 8 A crop circle sensor and B Yara N sensor (modified after Whelan [53])

It contains two coils; transmitter and another is a receiver (Fig. 10) generally placed
at adverse ends of the unit. A sensor measures an electromagnetic field that affected
by the concentration soil salinity [54].

The benefit of the on-the-go sensor technology is an effective way to supply rapid
measurements, cost-effective, and getting high-resolution soil properties assessments
to help site-specific management decisions. The essential soil properties do not have
strong absorbance or reflectance lineaments in the visible and near-infrared (VNIR)
spectroscopy range (400 and 1400 nm) or do not have correlated with primary soil
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Fig. 9 Contact type EC sensor (modified after Grisso et al. [54])

Fig. 10 Non-contact type EC sensor (modified after Grisso et al. [54])

properties that output VNIR lineaments. Therefore, a sensor fusion approach is ideal
for in-field assessment of soil health. The use of soil apparent electrical conductivity
(ECa), and penetration resistance measured by cone Penetrometer (i.e., cone index,
CI) sensors with VNIR to improve assessment of biological and physical aspects of
soil health [55]. Overall, proximal sensors or on-the-go sensor technology has the
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possibility to assessment and inclusive soil health index for improved performance
sustainability, profitability, and environmental protection [56, 57].

6 Geographic Information System and Precision Farming

Geographic Information System (GIS) is a tool that analyzes, captures, stores
manages and presents the data. A GIS depends on space and time dimensions
as the base for all other applications. The basic concept of precision agriculture
is collecting, analyzing and interpreting data in addition, making a decision. GIS
systems supply interpretation and analysis tools that can be used as requirements for
precision farming. It also provides a framework to build the data base and informa-
tion for researchers, planners, decision-makers and other users. GIS is a term used
for characterization of the data and has the ability to storage, manipulate, and present
of data geographically [58, 59].

Precision farming is a new technologyused tomanage and improve the agricultural
production, that depends on the field variability, where the application of irrigation,
nutrient and seeding, should be considered of a given field. Furthermore, GIS could
be used to generate and analyze complex view about the investigated fields and
provide agro-technological decisions [60, 61]. Zhang and Taylor [62] Illustrated
that field-level geographic information system (FIS) could be used as a research
tool for precision farming. FIS is an integrated tool that depends on a raster-based
geographic information system that developed for precision farming. Data collected
by farmers is then used by GIS software for analyzing, andmapping then can support
the farmers for the required information (Fig. 11). GIS is considered the central
component of precision farming technology. The data which farmer has the list of
coordinates and randomdatawithoutGIS due to the data cannot be useful information
without analyzing and interpretation them using GIS software. Still, when looking
to it from a general overview, the needs and essential steps in precision farming may
seem difficult. However, its effects and benefits appear to overbalance the necessary
dedication on the part of the farmers which is clearly visible both at the level of
implementation and the primary data offering [63, 64].

7 Soil Sampling Techniques for Precision Farming

The main purpose of precision agriculture technology is to increase fertilizer appli-
cation efficiency according to crop requirements. The objectives of precision farming
technology improve the efficiency of nutrient application and other inputs for crop
production at precise locations where it depends on soil variability.The precision
farming technology considered as the main means to success nutrient management
plan where it depends on the optimum soil sampling techniques at the field and
their variability. Soil sampling technique affects the results of soil analyses and
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Fig. 11 Some of the components related to GIS in precision farming (modified after Zhang and
Taylor [62])

nutrient crops program. The method of soil sampling supposes much greater impor-
tant when implementation precision farming or site-specific management, because
of the precision farming needs to assessment variable rates of nutrient and their
applications and maximizing the profits of the precision farming. For developing a
soil sampling strategy, the integration of precision farming technology should take
into consideration as the most important issue [65]. The Grid soil sampling is the
most importance methods for precision farming, and it is subdivided into configura-
tion cells (commonly squares), and the soil sample is taken from each of these cells
[66]. Fist technique for soil sampling is the grid soil sampling technique which has
several types that include a regular systematic point, staggered start point, systematic
unaligned point, and random composite cell [67]. Figure 12 shows an example of a
regular, systematic sampling scheme. One soil sample would be taken from each of
the center-stratify circles [68].

The random soil sampling is the second technique, which collects soil samples
fromall across the gridwithout anydirection in the grid center (Fig. 13). The sampling
pattern will not be harmonized across the cells, but this approach will ensure good
randomization. The disadvantage of this method due to take more time and different
sampling points has to be single accessed through the grid area [65]. Both center
and random sampling techniques can be produced based on “Feature to Point” and
“Create Random Points” tools, respectively [68]. Crozier and Heiniger [69] reported
that the third technique for soil sampling is called as direct or management zone
sampling. This technique depends onfield variability to reduce the number of samples
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Fig. 12 Grid centered soil sampling (modified after Mylavarapu and Lee [65])

Fig. 13 Random soil sampling schemes [65]
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Fig. 14 Directed soil sampling schemes a based on previous land use and b based on prior crop
yields [69]

while still recognizing zones of differing nutrient status as well as crop growth and
yield variability based on different factors. Some of these factors related to soil
characteristics andother factors are due to the landmanagement program. If a uniform
soil factor effect on yield variability in a field, then the distribution of this factor,
or the distribution of crop yield, can assist in the design of a soil sampling scheme
(Fig. 14).

8 Variable Rate Technology (VRT)

Variable-rate technologies (VRT) can be used for many agriculture practices and
it is an automated system. The terminology of VRT systems is to apply variable
rate at the right time, right place, and right quantity based on the variation of soil
and crop [70]. Some farmers can use variable rate application with a conventional
sprayer. Map based and sensor-based are the two types of VRT technology. The first
method is map based which it depends on the variability in maps such as crop yield,
soil characteristics and variable rate application. This method can be used using
many different management plans. the farmer and decision maker have integrations
different factors such as soil proprieties, topographic attributes and yield mapping
to produce a different strategic plan for farm management. Figure 15 shows the
map-based system for the variability of soil and crop input application rates. The
second method is sensor based which used sensors to measurement the soil and crop
characteristics. The measurements are taken by the sensor then analysis and control
variable rate application directly (Fig. 16). This method does not need any DGPS
but needs more data analysis to design the variable rate application plan [14, 71].

The sensor based system contains two kinds of sensors (Fig. 17). These sensors are
placed on a strip or spray boom then directed in the soil. When the plants have much
a chlorophyll content (green), the reflectance signal increase above the threshold,
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Fig. 15 The map-based system for variable application rates (modified after Ess et al. [71])

Fig. 16 The sensor-based system for variable application rates (modified after Ess et al. [71])

then the control unit sends a signal to a solenoid to be triggered by the valve to
spray the herbicide [14, 72]. Optical sensors record light reflectance to detect crop
and soil characterize. These optical sensors, too It can simulate the human eye to
recognize different soil properties by using near-infrared, mid-infrared spectroscopy
techniques. On the same principle techniques of the aerial photograph or satellites
remote sensing [73]. Figure 18 shows the cross-section in optical sensor structure.

Theory of VRT built with the capability of farm field equipment to accurately
oversight the variable rate application (VRA) of crop inputs and tillage operations.
VRT can be divided into granular, liquid and gaseous form based on the type of fertil-
izer materials (Fig. 19). VRT system includes a GPS antenna, computer, controller,
and geographic information systems map and database. The computer control unit



136 A. A. Belal et al.

Fig. 17 The optical sensor control of the spray nozzle (modified after Grisso et al. [14])

Fig. 18 The cross-section for the optical sensor (modified after Adamchuk and Jasa [73])

determines the interaction of the applied crop variables. The controller includes a
spatial database using GIS, along with a precomputed flow rate system. The GPS
receiver is integrated with the computer, the equipment location on the map supply
by the GIS unit through the computer monitor and used the location coordinates from
the GPS unit. The GIS system contains various variables related to crop inputs that
are applied to equipment in the field. The actual applied rates at each location will
be recorded and stored the information in the GIS computer system by the observer
[33].
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Fig. 19 Variable rate
application monitors [74]
Sprenger link

9 Yield Monitoring System and Mapping

The most important thing in precision farming is to understand the variability within
the field for soil characteristics, crop yield, and crop growth condition. Also, PF has
interested in the analysis of the limitation factors affecting plant growth. Finally, it
important thing in precision farming to put management factors based on crop needs
[75].

The continuing development of yield monitoring systems helps farmers to put the
plan for the variable rate of planting and fertilizers application.

Yield mapping also, helps decision maker and farmers to know the different
productive areas in the field, and they can evaluate if different planting popula-
tions will give a high return on their application. The farmers or producers use the
yield map of the previous crop to estimate the fertilizer application rate based on the
nutrient depletion from the soil in the previous crop [76, 77]. Figure 20 show combi-
nation of yield monitors systems. They contain three parts, user interface (keypad
and display), a console located in the combine cab and data storage device. While
it has different types of sensors such as a grain flow sensor, grain moisture sensor,
separator speed sensor, header height sensor and ground speed sensor. The volume
or mass of grain yield is to measure by grain flow sensor [78].

Gaumitz [79] reported that the size of the harvester combine makes a difference
in accuracy as a smaller, research combine covers a smaller area and is, therefore,
more precise than a regular sized combine. The yield monitor itself requires routine
calibration and monitoring by the combine driver to ensure the best results. The
yield map is generated from the thousands of points captured by the yield monitor in
ArcGIS. The number of points varies greatly depending on the size of the field and
harvester combines (Figs. 21 and 22).
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Fig. 20 Yield monitoring systems (modified after Grisso et al. [78])

Fig. 21 Example of cleaned yield points generated using Yield Editor Software (modified after
Gaumitz [79])

10 Site Specific Land Management (SSLM) and Soil
Productivity

Site-specific land management (SSLM) is the technique of managing cropland in its
local environment, taking into consideration the current types of the field variable.
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Fig. 22 Yield Interpolations map for Emmert (in bushels per acre) (modified after Gaumitz [79])

It can also show that managing local field variability is the core point in SSLM
management plans [5]. Miller et al. [80] reported about three elements that should
be achieved in for SSLM to be implemented. These elements include (1), important
current factors that have spatial variability within-field that impact on crop yield, (2)
source of this variability within—field can be specified and assessment and (3) the
collected information from these assessments about field variability can be utilized
to adjust the soil and crop management plans to increase farm income or to decrease
environmental risks.Many types of research onSSLMhave explained that several soil
properties havehigh spatial variabilitywithin thefield.The evaluationwithin this field
variability and its adequacy play an important role in success SSLMplanning, but one
should be taken into considerations to its applicability and profitability. Laboratory
analysis and spatial interpolation should be involved in this field variability, and
this is behind that what can be economically assessed using soil sampling [81].
Spatial variability can occur on a variety of scales, between farmers regions and
fields, or within the same fields. Soil chemical characteristics can have spatially
varying content of nutrients, pH, salinity and organicmatter. The uptake of these three
significantmacro-nutrients (N, P,K) by crops could be included nitrogen, phosphorus
and potassium. Spatial variation in nutrients can happen, based on uptake by plants,
filtration or changes such as liming application process.

The most soil physical properties including soil texture and structure also have
effects on spatial variability in the field. The term of soil structure is the arranging of
soil particles and voids in any specific volume of soil. Soil structure has an impact on
the physical characteristics through gas propagation, water movement and plant root
mooring, while soil texture impact crop yield by affecting supply nutrient variability
and water and gas movement. The spatial variability in soil texture within the field
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based on the geologic operations cannot easily be influenced by farming activity,
while soil structure can be influenced by farming activity through cultivating. The
soil structural and compositional variability is based on the property considered [82].
Whelan [83] categorized this overall variability in soil attributes such as soil textural
and structural variability; variability in soil organic matter; soil moisture variability;
variability in soil nutrient content and their availability and variability in soil pH.
Belal et al. [84] studied the soil properties affecting the wheat crop in the center
pivot field. Soil salinity was interpolated between sampling locations for the speci-
fied sampling depths by ordinary kriging geostatistical interpolation technique. Also,
the soil variables, including pH, organic matter (%), calcium carbonate content (%),
available nitrogen (mg /kg), available phosphorus (mg /kg) and available potassium
(mg /kg) were interpolated andmapped with Inverse DistanceWeighted (IDW) inter-
polation technique for management zone extraction [85]. Figures 23, 24, 25 and 26)
show the interpolated soil variables maps.

Soil texture plays an important role in the absorption of oxygen and growth of
the potato tuber due to the potato crop is highly sensitive to the soil physical and
chemical properties and especially texture. It needs low-soil density and good perme-
ability, well aerated, rich in soil nutrients and good water retention capacity. Also,
soil texture is an important soil factor for selecting the suitable agrotechnical and
agrochemicals methods to be used to increase and improve soil fertility [86]. He

Fig. 23 EM vertical signals map (modified after Belal et al. [84])
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Fig. 24 Soil salinity mapping (modified after Belal et al. [84])

reported that the amount of soil salinity could be used to increase crop production
in real time, only if we take into consideration other factors, such as data on yield
production, seeds, the biological factors, the fertilizer and agronomic knowledge of
the area. In order to achieve this objective of increasing productivity, it is essen-
tial to take into consideration both the soil and the plant parameters. By doing the
correlating between these two factors will reach to the following objectives: get the
good decision for fertilization the plants and the right research regarding the devel-
opment of the soil’s fertility. It could be improvement soil fertility if we used the
right technologies as well as supporting cultivated plants and recovering depleted
nutrients. These methods will help in the design of the soil fertility plans, in the
end, take into consideration the agrochemical indices of the soil. This type of land
management has classified the land into different site-specific management zone
(SSMZ), which is divided into classes of a field that has a relatively uniform combi-
nation of yield-limiting factors. This SSMZ is normally produced from one layer of
data or integration of different data layers containing topographic attributes, yield
map, soil maps, soil salinity maps and soil fertility maps. The farmer can use the
produced SSMZ map as an index to set which type of crop can be planted as well as
soil conservation and management strategies are required, and they must be applied.
The site-specific management zone is just an accepted method in many developed
countries. Therefore, implementation of this new technology under the situation of
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Fig. 25 Soil saturation percent map (modified after Belal et al. [84])

developing countries and trying on experiments in some villages is necessary to
increase soil and crop production as well as reducing both cost and environmental
risks [87, 88]. A number of methods could be used to delineate effectivemanagement
zones, including soil-based approach, yield map-based approach and the combina-
tion of soil and topographic attributes information to define management zones.
Saleh and Belal [89] produced the map for management zones of 154 Fadden of
wheat center pivot field at East of Nile Delta in Egypt for use in precision farming
technique depending on the spatial variability of soil and topographic attributes. The
geostatistics, principal component analysis, and fuzzy logic techniques were used to
analyze information and produced soil management zones. These Techniques were
demonstrated to be a viable method for the area, lead to the delineation of uniform
and distinct regions through them related to soil and topographic attributes. The result
represented the five management zones are the suitable number for adequacy used
in farm management. The main factors selected for delineation management zones
are soil apparent electrical conductivity (EM38h), soil saturation percent (SP), and
digital elevation model (DEM). The delineated management zones can be used to
explain the spatial variability in soil and topographic properties (Fig. 27).

Belal et al. [58] used integrated approaches of some soil information with crop
data to delineate subfield management zones. The soil data included ECa, pH, TDR
(Time Domain Reflectrometry) but the plant data were included yield map, NPK,
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Fig. 26 pH map (modified after Belal et al. [84])

NDVI, chlorophyll A, B. Spatial models were produced based on the Model Builder
tool in ArcGIS 10.1. In the Model Builder, a spatial model is displayed as a diagram
that looks like a flowchart. The model used to the yield prediction as a base layer
and then run to choose only those yield predictions within the base layer. In the
final choose prediction map, dark red is related to the areas with the highest yield
prediction; light red related to the areas with the lowest yield prediction (Fig. 28).
Figure 29 shows the structure of spatial modeling to produce management zones
with many layers.

11 Profitability Map of Application Precision Farming
Technology

The variability of crop yield is the important issue for farmers to calculate economic
analysis within the field to get a precise assessment of risk. The farmers can get
a clear idea of choosing new agriculture technology over the conventional method
when they compare the net income before and after the application of the SSLM
[5]. Profit maps are very important in determining knowledge of the economics of
crop production, as they show spatial improvement and compare yield data over time
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Fig. 27 Classes of management zones for the center pivot (modified after Saleh and Belal [89])

periods (in dollars). Hence, it is considered an effective tool for accurate decisions.
Also, profit map for crops and over the years gives a good characterization of farm
profitability over time and location. The decision maker can know where areas of
the field were above or below economic benchmarks across years depending upon
interaction cost and price data. Single crop profit maps let the decision maker assess
how specific areas of the field can differ in profitability by crops over the years
[90, 91]. Bazzi et al. [92] found that the prices of agricultural crops are constantly
variable due to seasonal variation and demand, therefore it is difficult to predict the
appropriate times in economic terms that affect farm profitability (equivalent 1) and
the difference between total income and total cost.

P = Y ∗ PP − Prc (1)

where:

P = profit;

Y = yield (ton ha−1);

PP = sale price of the product (US$ ton−1);

Prc = production cost (US$ ha−1).
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Fig. 28 Management zones map for the study area (modified after Belal et al. [58])

The total cost of the agricultural process includes (depreciation of machinery and
tools, depreciation of improvements and formulations, organization and correction
of soil, capital, and insurance) as well as operating and improving expenditures for
maintenance, labor, seeds, fertilizers, and pesticides. General costs, external trans-
portation, technical assistance, insurance, and benefits). Figures 30 and 31 showed
produce yield mapping for soybean and profit (Tables 1, 2 and 3).

12 Conclusions

The precision farming or precision agriculture or site-specific land management is
relatively a new farming technology for increase soil and crop production, however,
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Fig. 29 Diagram of the spatial model developed in the ArcGIS Model Builder for management
zones based on soil and plant properties [58]
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Fig. 30 Spatial distribution maps, aYield, b profit and c profitability of Soybean in 2006 (modified
after Bazzi et al. [92])

precision farming technology includes remote sensing, GIS, DGPS, yield map, vari-
able rate application, soil sampling, and site-specific management zones. The main
aim of precision farming include, the good understanding of soil and crop vari-
ability within-field and follow up by farm management inputs depending on the
main source of the variability Moreover, this precision farming technology is the
purpose of assisting management of agriculture resources in farm return and envi-
ronmentally effective methods in the spatial and temporal field variability. In the
last two decades, precision farming technology has been more and more developed,
including mechanization and automation. Site-specific management has been an
important sector of the agricultural system of the developed countries, but imple-
mentation of this high technique of precision farming to farm through the farmers
in developing countries is still very slow and needs a lot of extension efforts and
farmer motivation.. Due to most farmers do not know new information technologies,
e.g. remote sensing, GIS, and GPS. The government should be made to increase
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Fig. 31 Yield and profit maps for the harvest of Soybean2003 (a), Corn2004 (b), Soybean2006
(c), and Soybean2007 (d) using kriging method (modified after Bazzi et al. [92])

Table 1 Showed production cost of Soybean 03, 06, 07 and Cron crops (US$ ha−1)

Culture/harvest Soybean-03 Cron-2004 Soybean-06 Soybean-07

Production cost 270.90 366.90 641.28 632.35

Source SEAB/PR [93]

Table 2 Showed selling price of corn (US$ ha−1)

Year July August September October November December

2004 88.0 85.0 87.67 83.0 82.33 79.83

Source SEAB/PR [93]

Table 3 Showed selling price of soybeans (US$ ha−1)

Year March April May June July August

2003 188.50 199.66 189.00 192.83 182.17 184.33

2006 181.83 180.00 173.33 191.00 188.17 186.33

2007 232.50 223.00 233.67 242.33 245.33 156.50

Source SEAB/PR [93]
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investments to educate farmers for the application of new methods and technolo-
gies in agriculture. The size of the agriculture land is another problem for adopted
precision farming technology in the third country like Egypt. Egyptian farmers and
experts should use the PF experiences that have been used by developed countries
such as USA, Germany, Japan. In conclusion, integrating new technology for farm-
lands management and provided investment in agriculture are two essential issues
that help to improve Egypt’s agriculture production.

13 Recommendations

Farmers in developing countries still rely on traditional systems in agricultural oper-
ations, as the same procedure is applied to their crops, even in different condi-
tions of climate and soil. Farmers need very high costs to obtain higher production
compared to the application of modern technologies aimed at improving and effi-
cient land management. Precision farming systems can be implementation in devel-
oping country through collect information about soil and crop using new information
technology as the following [94]:

• Spatial management depends on collecting information from the soil that
illustrates the spatial variation of crop and soil characteristics using GPS.

• Remote sensing and geographic information systems have increased the efficiency
of agricultural operations, such as plowing, planting preparation, seeding rate,
fertilizers, pesticides, and the efficiency of irrigation use in modern systems.

• The integration between different data using geographic information systems has
led to increased accuracy of mapping and spatial prediction of soil and crop
properties across a field, as these maps allow a detailed representation of spatial
change within a field by creating a homogeneous map.

• Decision support systems rely on the integration of knowledge about the effects
of field variation on crop growth and the degree of responses to appropriate
agricultural operations—to achieve a higher rate of accuracy in decision validity.

References

1. Mohamed ES (2013) Spatial assessment of desertification in north Sinai using modified
MEDLAUS model. Arab J Geosci 6(12):4647–4659

2. Onyango CM, Nyaga JM, Wetterlind J, Söderström M, Piikki K (2021) Precision agriculture
for resource use efficiency in smallholder farming systems in Sub-Saharan Africa: a systematic
review. Sustainability 13(3):1158

3. Soropa G, Nyamangara J, Nyakatawa EZ (2019) Nutrient status of sandy soils in small-
holder areas of Zimbabwe and the need to develop site-specific fertiliser recommendations
for sustainable crop intensification. S Afr J Plant Soil 36:149–151



150 A. A. Belal et al.

4. Abu-Hashim M, Mohamed E, Belal AE (2015) Identification of potential soil water retention
using hydric numerical model at arid regions by land-use changes. Int Soil Water Conserv Res
3(4):305–315

5. Adhikari K, Carre F, Toth G, Montanarella L (2009) Site specific land management: general
concepts and applications. EUR23978 EN. ISBN 978-92-79-13350-3. https://doi.org/10.2788/
32619

6. Mohamed ES, Ali A, El-Shirbeny M, Abutaleb K, Shaddad SM (2019) Mapping soil moisture
and their correlation with crop pattern using remotely sensed data in arid region. Egypt J
Remote Sens Space Sci

7. Hassan AM, Belal AA, Hassan MA, Farag FM, Mohamed ES (2019) Potential of thermal
remote sensing techniques in monitoring waterlogged area based on surface soil moisture
retrieval. J Afr Earth Sc 155:64–74

8. Mohamed ES, Abu-hashimM, Abdel RahmanMA, Schütt B, Lasaponara R (2019) Evaluating
the effects of human activity over the last decades on the soil organic carbon pool using satellite
imagery and GIS techniques in the Nile Delta Area, Egypt. Sustainability 11(9):2644

9. Srinivasan A (2006) Handbook of precision agriculture: principles and applications. Food
Product Press, New York, p 708P

10. Kayode O, Aizebeokhai A, Odukoya A (2021) Sustainable use of chemical in agricultural soils
and implications for precision agriculture. J Environ Treatm Tech 9(2):361–367

11. Lowenberg-DeBoer J, Erickson B (2019) Setting the record straight on precision agriculture
adoption. Agron J 111:1552–1569

12. Miao Y, Mulla DJ, Pierre C, Robert PC (2018) An integrated approach to site-specific
management zone delineation. Front Agr Sci Eng. https://doi.org/10.15302/J-FASE-2018230

13. Sao Y, Singh G, JhaMK (2018) Site specific nutrient management for crop yield maximization
using two soil types of Bilaspur District of C.G. on grain and straw yield. J Pharm Phytochem
7(1):08–10

14. GrissoRB,AlleyM,ThomasonW,HolshouserD,RobersonGT (2011) Precision farming tools:
variable-rate application. Virginia Cooperative Extension, Virginia State University. Publi-
cation number, 442–505. https://www.pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/442/442-
505/442-05_PDF.pdf

15. Hendawy E, Belal AA, Mohamed ES, Elfadaly A, Murgante B, Aldosari AA, Lasaponara R
(2019) The prediction and assessment of the impacts of soil sealing on agricultural land in the
North Nile Delta (Egypt) using satellite data and GIS modeling. Sustainability 11(17):4662

16. Abdullahi HS, Mahieddine F, Sheriff RE (2015) Technology impact on agricultural produc-
tivity: a review of precision agriculture using unmanned aerial vehicles. In: Pillai et al (eds)
Wireless and satellite systems 7th international conference, WiSATS 2015 Bradford, UK, 6–7
July 2015 Revised Selected Papers. Springer, Cham, pp 388–400. https://doi.org/10.1007/978-
3-319-25479-1

17. Davis RJ, Baillie C, Schmidt E (2009) Precision agriculture technologies-relevance and
application to sugarcane production, Agric. Technol. a Chang. Clim, pp 114–122

18. Mohamed ES, Baroudy A, El-beshbeshy T, Emam M, Belal AA, Elfadaly A, Aldosari AA,
Ali A, Lasaponara R (2020) Vis-NIR spectroscopy and satellite landsat-8 OLI data to map
soil nutrients in arid conditions: a case study of the Northwest Coast of Egypt. Remote Sens
12(22):3716

19. Podlasek A, Koda E, Vaverková MD (2021) The variability of nitrogen forms in soils due to
traditional and precision agriculture: case studies in Poland. Int J Environ Res Public Health
18(2):465

20. Mani PK, Mandal A, Biswas S, Sarkar B, Mitran T, Meena RS (2021) Remote sensing and
geographic information system: a tool for precision farming. In: Geospatial technologies for
crops and soils. Springer, Singapore, pp 49–111

21. Zarco-Tejada PJ, Hubbard N, Loudjani P (2014) Precision agriculture: an opportunity for EU
Farmers potential supportwith the cap 201–2020. PolicyDepartmentB: Structural and cohesion
polices. Agriculture and Rural Development. http://www.europarl.europa.eu/RegData/etudes/
note/join/2014/529049/IPOL-AGRI_NT%282014%29529049_EN.pdf

https://doi.org/10.2788/32619
https://doi.org/10.15302/J-FASE-2018230
https://www.pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/442/442-505/442-05_PDF.pdf
https://doi.org/10.1007/978-3-319-25479-1
http://www.europarl.europa.eu/RegData/etudes/note/join/2014/529049/IPOL-AGRI_NT%25282014%2529529049_EN.pdf


Precision Farming Technologies to Increase Soil … 151

22. USDA (2007) Precision agriculture: NRCS support for emerging technologies. Agronomy
Technical Note No 1

23. Baroudy AA, Ali A, Mohamed ES, Moghanm FS, Shokr MS, Savin I, Poddubsky A, Ding Z,
Kheir A, Aldosari AA, Elfadaly A (2020) Modeling land suitability for rice crop using remote
sensing and soil quality indicators: the case study of the Nile Delta. Sustainability 12(22):9653

24. PaxtonKW,MishraAK,Chintawar S,RobertsRK,Larson JA,EnglishBC,LambertDM,Marra
MC, Larkin SL, Reeves JM, Martin SW (2011) Intensity of precision agriculture technology
adoption by cotton producers. Agric Resour Econ Rev 40(1):133–144

25. Abdel-Fattah MK, Abd-Elmabod SK, Aldosari AA, Elrys AS, Mohamed ES (2020) Multi-
variate analysis for assessing irrigation water quality: a case study of the Bahr Mouise Canal,
Eastern Nile Delta. Water 12(9):2537

26. Elarab M (2016) The application of unmanned aerial vehicle to precision agriculture:
chlorophyll, nitrogen, and evapotranspiration estimation. Ph.D., Civil and Environmental
Engineering, Utah State University, USA

27. SaidMES,AliA,BorinM,Abd-ElmabodSK,AldosariAA,KhalilM,Abdel-FattahMK(2020)
On the use of multivariate analysis and land evaluation for potential agricultural development
of the Northwestern Coast of Egypt. Agronomy 10(9):1318

28. Panda SS, Hoogenboom G, Paz JO (2010) Remote sensing and geospatial technological appli-
cations for site-specificmanagement of fruit andnut crops: a review.RemoteSens 2:1973–1997.
https://doi.org/10.3390/rs2081973

29. Folnovic T (2015) Benefits of using precision farming. Producing More with Less—
Seemore at: http://blog.agrivi.com/post/benefits-of-using-precision-farming-producing-more-
with-less#sthash.N1xXkUyU.dpuf

30. Goswami SB, Matin S, Saxena A, Bairagi GD (2012) A review: the application of remote
sensing, GIS and GPS in precision agriculture. Int J Adv Technol Eng Res (IJATER) 2(1).
ISSN: 2250-3536

31. Tayari E, Jamshid AR, Goodarzi HR (2015) Role of GPS and GIS in precision agriculture. J
Sci Res Dev 2(3):157–162

32. Singh AK (2004) Precision farming. Water Technology Center. I.A.R.I, New Delhi
33. Andreo V (2013) Remote sensing and geographic information systems in precision farming.

Maestría en Aplicaciones Espaciales de Alerta y Respuesta Temprana a Emergencias - CONAE
– UNC

34. Bakhtiari AA, Hematian A (2013) Precision farming technology, opportunities and difficulty.
Int J Sci Emerg Technol Latest Trends 5(1):1–14

35. Soares MG, Malheiro B, Restivo FJDO (2004) Evaluation of a real time DGPS data server. In:
First international European conference on the use of modern information and communication
technologies (ECUMICT 2004). KU Leuven, pp 105–112

36. Liaghat S, BalasundramSK (2010)A review: the role of remote sensing in precision agriculture.
Am J Agric Biol Sci 5(1):50–55

37. Brisco B, Brown RJ, Hirose T, McNairn H, Staenz K (2014) Precision agriculture and the role
of remote sensing: a review. Can J Remote Sens 24(3). https://doi.org/10.1080/07038992.1998.
10855254

38. Brook A, De Micco V, Battipaglia G, Erbaggio A, Ludeno G, Catapano I, Bonfante A (2020)
A smart multiple spatial and temporal resolution system to support precision agriculture from
satellite images: proof of concept on Aglianico vineyard. Remote Sens Environ 240:111679

39. Yang C, Everitt JH, Du Q, Luo B, Chanussot J (2013) Using high-resolution airborne and
satellite imagery to assess crop growth and yield variably for precision agriculture. Proc IEEE
101(3)

40. Yao HL, Tang L, Tian Brown RL, Bhatnagar D, Cleveland TE (2010) Using hyperspectral
data in precision farming applications (Chap 25). In: Thenkabail PS, Lyon JG, Huete A (eds)
Hyperspectral remote sensing of vegetation. CRC Press, Boca Raton, p 705

41. Mogili UR, Deepak BV (2018) Review on application of drone systems in precision agricul-
ture. Procedia Comput Sci 133:502–509. In: International Conference on Robotics and Smart
Manufacturing (RoSMa2018)

https://doi.org/10.3390/rs2081973
http://blog.agrivi.com/post/benefits-of-using-precision-farming-producing-more-with-less%23sthash.N1xXkUyU.dpuf
https://doi.org/10.1080/07038992.1998.10855254


152 A. A. Belal et al.

42. Valente J, Sanz D, Barrientos A, del Cerro J, Ribeiro Á, Rossi C (2011) An air-ground wireless
sensor network for crop monitoring. Sensors 11:6088–6108. https://doi.org/10.3390/s11060
6088

43. Salamí E, Barrado C, Pastor E (2014) UAV flight experiments applied to the remote sensing
of vegetated areas. Remote Sens 6:11051–11081

44. Marinello F, Pezzuolo A, Chiumenti A, Sartori L (2016) Technical analysis of unmanned aerial
vehicles (Drones) for agriculture applications. Engineering for Rural Development, Jelgava,
25.-27.05

45. Valavanis KP, Oh P, Piegl L (2009) Guest editorial for the special volume on unmanned aircraft
systems (UAS). J Intell Rob Syst 54(1–3):1–2

46. El-ShirbenyMA,Mohamed ES, NegmA (2018) Estimation of crops water consumptions using
remote sensing with case studies from Egypt. In: NegmAM (ed) Conventional water resources
and agriculture in Egypt. The handbook of environmental chemistry, vol 74. Springer, Cham.
https://doi.org/10.1007/698_2018_305

47. Hackney C, Clayton A (2015) Unmanned Aerial Vehicles (UAVs) and their application in
geomorphic mapping. British Society for Geomorphology, Geomorphological Techniques,
Chap. 2, Sec. 1.7, ISSN 2047-0371

48. d’Oleire-Oltmanns S, Marzolff I, Peter KD, Johannes B, Ries JB (2012) Unmanned aerial
vehicle (UAV) for monitoring soil Erosion inMorocco. Remote Sens 4(11):3390–3416. https://
doi.org/10.3390/rs4113390

49. Alexakis D, Seiradakis K, Tsanis I (2016) Using unmanned aerial vehicle (UAV) for spatio-
temporal monitoring of soil erosion and roughness in Chania, Crete, Greece. EGU General
Assemb 18:EGU2016-11937

50. Viscarra Rossel RA, AdamchukVI, Sudduth KA,Mckenzie NJ, Lobsey C (2011) Proximal soil
sensing: an effective approach for soil measurements in space and time. Adv Agron 113:237–
282

51. Adamchuk VI, Viscarra Rossel RA, Sudduth KA, Schulze Lammers P (2011) Sensor fusion
for precision agriculture. In: Sensor fusion—foundation and applications. In Tech, pp 27–40

52. Samborski SM, Tremblay N, Fallon E (2009) Strategies to make use of plant sensors based
diagnostic information for nitrogen recommendations. Agron J 101:800–816

53. Whelan B (2015) Proximal crop reflectance sensors: a guide to their capabilities and uses.
Published by GRDC and the University of Sydney, Australia. ISBN: 978-1-921779-54-1

54. Grisso RB, Alley M, Wysor WG, Holshouser D, Thomason D (2009) Precision farming
tools: soil electrical conductivity. Virginia Cooperative Extension, Virginia State University.
Publication number, 442–508

55. Mohamed ES, Saleh AM, Belal AB, Gad A (2018) Application of near-infrared reflectance for
quantitative assessment of soil properties. Egypt J Remote Sens Space Sci 21(1):1–14

56. Mohamed ES, Ali AM, El Shirbeny MA, Abd El Razek AA, Savin IY (2016) Near infrared
spectroscopy techniques for soil contamination assessment in the Nile Delta. Eur Soil Sci
49(6):632–639

57. Veum KS, Sudduth KA, Kitchen NR (2016) Sensor based soil health assessment. In: 13th
international conference in precision agriculture, 31 July–4 Aug 2016. St., Louis Missouri,
USA

58. Belal AA, Mohamed ES, Abu-hashim MSD (2015) Land evaluation based on GIS-spatial
multi-criteria evaluation (SMCE) for agricultural development in dry Wadi, Eastern Desert,
Egypt. Int J Soil Sci 10:100–116

59. Earl R, Thomas G, Blackmore BS (2000) The potential role of GIS in autonomous field
operations. Comput Electron Agric 25:107–120

60. Abd-Elmabod SK, Mansour H, Hussein AAEF, Mohamed ES, Zhang Z, Anaya-Romero M,
Jordán A (2019) Influence of irrigation water quantity on the land capability classification.
Plant Arch 2:2253–2561

61. Neményi M, Mesterházi PÁ, Pecze Z, Stépán Z (2003) The role of GIS and GPS in precision
farming. Comput Electron Agric 40(1–3):45–55

https://doi.org/10.3390/s110606088
https://doi.org/10.1007/698_2018_305
https://doi.org/10.3390/rs4113390


Precision Farming Technologies to Increase Soil … 153

62. Zhang N, Taylor RK (2001) Applications of a field level geographic information systems (FIS)
precision agriculture. Appl Eng Agric 17(6):885–892

63. Abu-hashim M, Elsayed M, Belal AE (2016) Effect of land-use changes and site variables on
surface soil organic carbon pool at Mediterranean Region. J Afr Earth Sc 114:78–84

64. Limpisathian P (2011) Geographic information system in agriculture and precision farming.
Earth andMineral Sciences First-year Seminar—EM SC 100S Section 4. The College of Earth
and Mineral Sciences the Pennsylvania State University

65. MylavarapuRS,LeeWD(2014)UF/IFASNutrientmanagement series: Soil sampling strategies
for precision agriculture. IFASExtension,University of Florida. http://edis.ifas.ufl.edu/pdffiles/
SS/SS40200.pdf. Last accessed 11 Aug 2014

66. Mallarino A,Wittry D (2001)Management zones soil sampling: a Better alternative to grid and
soil type sampling? Ames: Iowa State University Extension, 159–164. http://www.agronext.
iastate.edu/soilfertility/info/ICM_2001_ZoneSampling_Publ.pdf

67. Franzen DW (2011) Collecting and analyzing soil spatial information using kriging and inverse
distance. In: Clay DE, Shanahan JF (eds) GIS applications in agriculture. CRC Press, Boca
Raton, pp 61–80

68. Harrell JB (2014) An evaluation of soil sampling methods in support of precision agriculture
in Northeastern North Carolina. M.Sc., thesis, Faculty of the USC Graduate School University
of Southern California, USA

69. Crozier C, Heiniger R (2015) Soil sampling for precision farming systems. North Carolina
State University Extension. https://content.ces.ncsu.edu/soil-sampling-for-precision-farming-
systems

70. NESPAL (2005) Benefits of precision agriculture (slides, available at www.nespal.cpes.pea
chnet.edu/PrecAg/)

71. Ess D, Morgan M, Parson S (2001) Implementing site-specific management: map- versus
sensor-based variable-rate application. Technical Report. Available on http://www.ces.purdue.
edu/extmedia/AE/SSM-2-W.pdf

72. Ehsani R, Schumann A, Salyani M (2009) Variable rate technology for Florida citrus. UF/IFAS
Extension, University of Florida. http://ufdcimages.uflib.ufl.edu/IR/00/00/33/14/00001/AE4
4400.pdf

73. AdamchuckVI, JasaP (2002)On-the-govehicle-based soil sensors.University ofNebraskaLin-
coln Extension EC02-178. www.ianrpubs.unl.edu/epublic/live/ec178/build/ec178.pdf

74. Ahmad L, Mahdi SS (2018) Variable rate technology and variable rate application. In: Satellite
farming. Springer, Cham. https://doi.org/10.1007/978-3-030-03448-1_5

75. Zhang M, Li MZ, Liu G, Wang MH (2008) Yield Mapping in precision farming. In: Li D (ed)
IFIP international federation for information processing, vol 259; Computer and computing
technologies in agriculture, vol 2. Springer, Boston, pp 1407–1410

76. Pathak DUP, Meena MK, Mallikarjun N (2018) Precision farming a promising technology in
horticulture: a review. Int J Pure Appl Biosci 6(1):1596–1606. https://doi.org/10.18782/2320-
7051.3088

77. Risius NW (2014) Analysis of a combine grain yield monitoring system. MSC, Iowa State
University, Ames, Iowa, USA

78. Grisso RB, Alley M, McClellan P (2009) Precision farming tools: yield monitor. Virginia
Cooperative Extension, Virginia State University. Publication number, 442–502. https://www.
pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/442/442-502/442-02_pdf.pdf

79. Gaumitz BC (2016) Precision agriculture and GIS: evaluation the use of yield maps combined
with LIDAR data. MSC, thesis Faculty of the USC Graduate School University of Southern
California, USA

80. Miller RO, Pettygrove S, Denison RF, Jackson L, Cahn M, Plant R, Kearny T (1999) Site-
specific relationships amongflag leaf nitrogen, SPADmeter values and grain protein in irrigated
wheat. In: Robert PC, Rust RH, Larson WE (eds) Proceedings of the fourth international
conference on precision agriculture, 19–22 July 1998, St. Paul, USA. Ameri. Soci. of Agron.,
Madison, WI, pp 113–122

http://edis.ifas.ufl.edu/pdffiles/SS/SS40200.pdf
http://www.agronext.iastate.edu/soilfertility/info/ICM_2001_ZoneSampling_Publ.pdf
https://content.ces.ncsu.edu/soil-sampling-for-precision-farming-systems
http://www.nespal.cpes.peachnet.edu/PrecAg/
http://www.ces.purdue.edu/extmedia/AE/SSM-2-W.pdf
http://ufdcimages.uflib.ufl.edu/IR/00/00/33/14/00001/AE44400.pdf
http://www.ianrpubs.unl.edu/epublic/live/ec178/build/ec178.pdf
https://doi.org/10.1007/978-3-030-03448-1_5
https://doi.org/10.18782/2320-7051.3088
https://www.pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/442/442-502/442-02_pdf.pdf


154 A. A. Belal et al.

81. McBratney AB, Pringle MJ (1997) Spatial variability in soil: implications for precision agri-
culture. In: Proceedings of 1st European conference on precision agriculture, vol 1. Warwick,
UK, pp 3–31

82. Hellebrand HJ, Umeda M (2004) Soil and plant sensing for precision agriculture. In: 1st Asian
conference on precision agriculture, Kuala Lumpur Malaysia, 11–13 May

83. Whelen BM (2003) Precision agriculture, an introduction to concepts, analysis and interpre-
tation. A training course for graduate and industrial professional. Aus, Center for Precision
Agriculture, University of Sydney, Australia, pp 11–153

84. Belal AA, Saleh AM, Mohamed E, El baroudy A (2014) Using close-to-ground sensing,
advances in spatial Sampling and prediction to characterize soil and wheat crop variability for
precision farming. Second progress Project report Funded by STDF, Egypt (Project Number
444)

85. Saleh AM, Belal AA, Mohamed E (2016) Mapping of soil salinity using electromagnetic
induction: a case study of East Nile Delta, Egypt. Egypt J Soil Sci (Under Publication)

86. Isabela M (2014) Potato crop monitoring based on spatial variability of recourses. PhD
thesis, Faculty of Agriculture Sciences, Ph.D. School University of Agriculture Sciences and
Veterinary Medicine CLUJ-NAPOCA

87. Hammam AA, Mohamed ES (2018) Mapping soil salinity in the East Nile Delta using several
methodological approaches of salinity assessment. Egypt J Remote Sens Space Sci

88. Tiki L, Kewessa G, Nigatu D (2015) A review on site specific land management as a strategy
for sustainable agriculture. Sky J Agric Res 4(8):147–155

89. Saleh AM, Belal AA (2014) Delineation of site-specificmanagement zones by fuzzy clustering
of soil and topographic attributes: a case study of East Nile Delta, Egypt. IOP Conf Ser: Earth
Environ Sci 18:012046. https://doi.org/10.1088/1755-1315/18/1/012046

90. Gerhards M, Schlerf M, Mallick K, Udelhoven T (2019) Challenges and future perspectives of
multi-/hyperspectral thermal infrared remote sensing for crop water-stress detection: a review.
Remote Sens 11(10):1240

91. Massey RE, Myers DB, Kitchen NR, Sudduth KA (2008) Profitability maps as an input for
site-specific management decision making. Agron J 100(1):50–59

92. Bazzi CL, SouzaEG,KhoslaR,Uribe-OpazoMA,SchenattoK (2015) Profitmaps for precision
agriculture. Cien Inv Agr 42(3):385–396

93. SEAB/PR-Secretaria da Agricultura e do Abastecimento do Paraná (2015) Available online at:
http://www.agricultura.pr.gov.br/ (Website accessed: 17 Mar 2015)

94. Tran DV, Nguyen NV (2006) The concept and implementation of precision farming and rice
integrated crop management systems for sustainable production in the twenty first century. Int
Rice Commiss Newslett (FAO) 55:91–102

https://doi.org/10.1088/1755-1315/18/1/012046
http://www.agricultura.pr.gov.br/


Implementing an Environmental
Information System in Data-Scarce
Countries: Issues and Guidelines

Abdelhamid Fadil, Mohamed El Imame Malaainine, and Younes Kharchaf

Abstract Integrating the environmental dimension into socio-economic develop-
ment strategies has become a requirement for the sustainable development. To reach
this goal, it is necessary to monitor the state of the environment in order to iden-
tify, manage and supervise the different environmental issues and to determine the
appropriate responses for them. This objective cannot be achievedwithout organizing
environmental data in an information system that can be used and updated by all the
actors and partners concerned by the environmental questions. The aim of imple-
menting an Environmental Information System (EIS) is to develop an integrated
framework for the storage, production, management and exchange of environmental
information in a decision-making perspective. However, availability and scarcity
of data remain a major obstacle for realizing such systems, especially in developing
countries. This study aims to discuss the issues and processes of EIS implementation.
It details the environmental monitoring models and the challenges related to building
the environmental databases. An overview on the EIS implementation in developed
countries was carried out, and an example of EIS in MENA region (Morocco) was
presented to extract syntheses and recommendations in order to define a guideline
to implement a successful EIS especially in data-scarce countries.

Keywords Environmental information system · Environmental monitoring ·
Environmental data · Indicators · Data-scarce ·Morocco

1 Introduction

The relationship between development and environment was the main focus of the
World Charter for Nature of 1982. The World Commission on Environment and
Development (WCED), known as the Brundtland Commission, will introduce in its
report in 1987 the concept of sustainable development. This report pulls the alarm
signal about the need to take into account the preservation of the environment and the
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sustainability of natural resources in the halt to growth [1]. It announces also the lack
of decision-making structure and institutional tools at the national and international
levels to address environmental issues and the requirements of sustainable develop-
ment. The Earth Summit in Rio de Janeiro in 1992 will highlight this concept and
institutionalize it through a set of conventions, protocols and declarations that target
the protection of the environment, the safeguarding of ecological balances and the
adoption of a model of sustainable economic development [2]. Summits and confer-
ences will follow in order to concretize the principle of sustainable development
and insist on the right of future generations to inherit a clean planet and a healthy
environment [3].

Guidelines have been issued everywhere to establish a regulatory framework and
decision support tools for protecting the environment and conciliating the require-
ments of socio-economic development with those of the environment preservation
[4]. Having information about the environment state and follow her evolution in time
was one of the major recommendations of the various earth summits [2]. For this,
different countries have embarked on the race to set up their environmental databases
and implement tools in order to manage, analyze and synthesize these data. Envi-
ronmental Information Systems (EIS) have sprung up so all over the world [5]. They
were developed to study and manage environmental issues and problems in different
thematic dimensions and spatial–temporal scales.

Tomake a decision, data is required, and processing is needed to transform the data
from its raw state into valuable information. Decisions should be based on reliable
and accurate information and knowledge [6].

For this purpose, we need a:

• Model: It lets to construct a simple representation of the real world perceived as
very complex. When it is simplified, reality can be understood more easily, its
components and interactions can be defined and studied in different dimensions.

• Data: It describes the environment (real world). It is collected regarding the model
used. The analysis of the environment state and its evolution is done based on data.

• Information system: To store, manage, process and analyze data and generate
useful results for decision support systems.

These points are the main components of the process of implementing an infor-
mation system. Applied to the environment domain, these elements are illustrated in
Fig. 1.

EIS implementation is hampered in general by major obstacles, particularly in
developing countries that suffer from a cruel lack of data [5].

This study aims to draw up the issues and challenges meeting the EIS implemen-
tation, especially in data-scarce countries and provide some answers to overcome
these difficulties. The study details the EIS implementation processes illustrated in
Fig. 1. It presents an overview of the EIS implementation in northern countries aswell
as an example of an EIS in MENA region (Morocco). It concludes with a discus-
sion where we present guidelines for deploying operational EIS in the context of
data-scarce countries.



Implementing an Environmental Information System in Data-Scarce … 157

Attribute data 
Spatial data 
Indicators 

Storage 
Analyzing 
Calculating 

Results 
Reports 
Maps 

Dashboard 

Input Output Processing 

Environmental Information System 

feedback

Real world 

Model 

Fig. 1 Environmental information system implementation process

2 Environmental Monitoring Models

The first approaches to measuring the effect of development on the environment
are oriented towards description [3]. Their main goal is to create information that
describes the changing state of the environment. The following models and those
developed primarily from the 1980s refer to the principle of cause and effect [7].
Several approaches, based on this principle, were then conceived and implemented
in different zones and contexts. The best known and most used are: PSR (Pressure-
State-Response) model, DSR (Driving Force-State-Response) model and DPSIR
(Driving Force-Pressure-State-Impact-Response) model [3, 8].

2.1 PSR Model

The PSR (Pressure-State-Response) model was developed by the European Orga-
nization for Economic Co-operation and Development (OECD) in the 1980s. It is
based on the idea that human activities exert pressures on the environment (pres-
sures) [9]. These activities reduce the quality of the environment and put in danger
natural resources (state). Society responds then by trying to provide solutions to these
changes by adopting environmental, economic and social policies (Responses) [10].

The PSR model declines these items throw indicators that describe the environ-
mental pressures and state as well as the responses of society [11]:
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• Pressure Indicators: They describe the pressures exerted by human activities
(energy, transport, industry, agriculture, etc.) on the environment.

• State Indicators: They describe the environmental conditions. They concern the
quality of the environment as well as the quality and quantity of natural resources.

• Response Indicators: They reflect the society’s involvement in responding to envi-
ronmental issues. Individual and collective actions and reactions are of several
kinds: removing the adverse effects of human activities; stopping the damage
already imposed to the environment or seeking to repair it; protecting nature and
natural resources. Concretely, the society tries to respond to regulations, taxes,
subsidies, pollution reduction rates, etc.

2.2 DSR Model

The DSRmodel (Driving Force-State-Response) was designed from the PSRmodel.
It replaces the “pressures” component with a broader notion of “driving forces”.
The aim is to consider the positive as well as the adverse environmental impacts of
policies that were missing in the PSR model [12].

The concept of driving forces highlighted by this model describes the activities,
processes and human behaviors that can positively or negatively influence the sustain-
able development. It also targets to identify more effectively the addition of social,
economic and institutional indicators [13].

2.3 DPSIR Model

The DPSIR model (Driving Force-Pressure-State-Impact-Response) was set up by
the European Environment Agency (EEA) from the OECD PSR and DSR models
[14]. This model adds a new component which is “Impact” to describe the complex
interactions between Society and Environment [15].

The five elements of the DPSIR model are linked by causal links. The driving
forces that drive human activities cause pressure on the environment, which results
in a change in the general state of the environment. This will have an impact on
nature, humankind, and assets. According to the severity of this impact, it will react
and cause a reaction (response) of civil society. This fifth element (reactions) brings
together all the measures and political instruments implemented by society to ensure
the protection of the environment in an integrated way [14]. They concern the other
four elements: preventive measures directed towards the driving forces, curative
measures towards Pressures and the State and palliative measures towards the State
and the Impact [16].

DPSIR is the model recommended and used by most environmental agencies
around the world [17]. It is more oriented towards the evaluation of environmental
policies and decision-making since it makes it possible to represent information on
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the environment in a simple and efficient way through a multidisciplinary indicators
system [18].

The different components and interactions of the DPSIR model are illustrated in
Fig. 2 [19, 20].

From the DPSIR, several specific models have been generated and adapted to
different requirements and domains. Patricio et al. have identified about thirty adapta-
tions of the DPSIRmodel to the different environmental issues (Agriculture, marine,
water, atmosphere, forest …) [17].

Hence, Environmental models are simplified representations of the real world that
make it possible to express the different components and relationships of the terrain
considered according to a specific approach [21].

To move from the conceptual level of these models to the concrete and quantified
level, the data is required. It is one of the key elements of the information systems.

3 Environmental Data

3.1 Environmental Data Categories

Data is a fundamental prerequisite for monitoring the state of the environment.
Without data, no policy or protection strategy can be carried out. The environmental
concerns all aspects of human life and its interaction with the natural space. It is in
direct or indirect relation with everything that happens on the earth. The assessment
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of the state of the environment must, therefore, consider all these interactions and
fields [22]. Using models makes it possible to formalize and express these different
cause-and-effect relationships and present them in the form of indicators calculated
from environmental data [16]. Models are often based on a system of indicators that
describes the different components of the adopted schema (driving forces, pressures,
state, impact, activities, actions, responses…) [12].

The data necessary for monitoring the state of the environment are no longer
focused just on the natural space and resources. They cover all the fields and domains
describing the relationship between the society and its environment [13].

As an example, the repository of indicators for monitoring the state of the environ-
ment in Morocco contains nearly 300 indicators divided into several fields, themes
and sub-themes as shown in Table 1 [23, 24].

Access to a wide range of high-quality information is fundamental to understand
and protect the environment. However, these data are produced and managed by
several institutions and organizations and vary in space and time. Hence, to build
useful information and suitable indicators for monitoring the state of the environ-
ment, effective data exchange must be ensured between producers and users of the
environmental data.

3.2 Environmental Data Exchange

Information and communication technologies were developed extraordinarily so that
today we are talking about connected objects, Internet of Things, IP6, etc. The world
of computing science has also seen a major change towards adopting standards that
promote system interoperability and data exchange [25]. Paradoxically, by moving
away from this technological aspect, the reality shows that the level of information
exchange remains very limited especially in developing countries. This finding is
further intensified in the classic domains where the rate of automation is quite low
[26].

The field of the environment is distinguished by its multidisciplinary character.
As an example, to study the impact of a landfill on the environment, it is necessary to
combine the data of soil, geology, water, air, population, land use, topography, etc.
These data come from various institutions and have to be gathered and crossed to
carry out the study.

To answer the environmental questions, an effective data exchange has to be
established. In this way, many goals can be achieved especially:

• Guarantying access to different environmental data themes by adopting the
principle of “offering one type of data and benefiting from all other types of
data.”

• Using knowledge in a clear and effective way by crossing different data themes.
• Reducing data production and maintenance costs by pooling and sharing

investments in data collection and data update.
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Table 1 Fields and themes of environmental monitoring in Morocco [23, 24]

Field Theme Sub-theme

Natural environment Climate

Water Water quality, use of resources…

Air Air quality…

Soil Soil use, quality…

Biodiversity and ecosystems Protected sites…

Climate change

Natural risks Flood, earthquake…

Socio-human environment Socio-demographics Population, training,
employment…

Resource consumption Water, Energy…

Liquid and solid sanitation Wastewater, solid waste…

Health and hygiene Infrastructure, impact on public
health…

Sustainable development Actors, policies, expenses,
control…

Economic environment Agriculture Land use, livestock, actions…

Industry Production, rejections…

Trade Infrastructure…

Mines et quarries Density, rejections…

Energy Infrastructure, production,
rejections…

Transport Density, actions for
environment…

Tourism

Craft

Technological risks

Space and territory Housing et urban systems Urbanization, regional
planning…

Forest Density…

Coastline

• Ensuring the quality, reliability and integrity of data by assigning responsibility
for each type of data to a specific organization.

The benefits and rewards of sharing and exchanging data are so evident that no
one can do without today [27]. However, we note that the major obstacle that hinders
the development of information systems including the EIS is the lack or scarcity of
data [28]. This situation is most evident in developing countries where the problem
of data access is pointed out as the major problem obstructing the implementation of



162 A. Fadil et al.

information systems. In the context of these countries, several factors may explain
this situation:

• Data is sometimes considered as a source of power. Sharing the data is then
equivalent to a sharing of power.

• The cost of building the databases is very high. It represents over 80% of the
project budget in some cases. Sharing the data with others is therefore seen as a
waste of the investment made on creating these data.

• Poor data quality sometimes prevents people from displaying and distributing it.
The best way to hide this quality defect is to keep them in-house.

• The framework and policy of data exchange are not often defined and formalized.
In the absence of exchange agreements, most stakeholders prefer to keep their
data to avoid assuming any responsibility that may arise from the use of these
data.

The success of any information system depends mostly on the availability and
quality of the input data. The quality and reliability of the results are just a reflection
of those of the input data.

4 EIS Purpose and Functions

4.1 EIS Definition and Functions

Bourgeois defines Information systems (IS) as interrelated components that work
together to collect, process, store, and disseminate information to support decision
making in an organization [29].

EIS is an IS that manipulates environmental data. It follows the same processes
like any other IS. The main purpose of EIS is to create a federated and interoper-
able system where different categories of environmental data can be stored, aggre-
gated, combined, exchanged, updated and assessed. It aims to provide environmental
stakeholders with reliable, up-to-date and synthesized information to facilitate the
decision-making and the state environmental monitoring [30].

The main functions of an EIS are: acquisition, storage, analysis and visualization
of information. These functions are presented in Table 2.

When implementing EIS, two dimensions should be specified:

• Geographical: It defines the spatial extent of the study area covered by the EIS.
It can cover the whole earth, continent, country, region or county.

• Thematic: It defines the domains or themes of the environment considered by the
EIS. This dimension can be global when all themes are considered or specific
when the EIS is dedicated to one or some specific themes (biodiversity, water, air,
waste …).
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Table 2 Main functions of environmental information system (EIS)

Function Consistence

Acquisition Ensure data production and update
Ensure data access and exchange

Storage Organize, structure and archive the environmental database
Synchronize, formalize and homogenize data

Analyze and processing Facilitate data use
Meet needs and requests of users
Cross and combine different types of data
Detect environmental state changes
Represent the evolution of environmental parameters on a
spatial/temporal scale

Visualization Visualize and search data, indicators, and different combinations of
data and indicators
Represent results and summaries in different forms: reports, graphs,
statistics, thematic maps, dashboards
Distribute environmental state information

The combination of these two dimensions determines the spatial and functional
scope of the EIS. They define the range of data that will be required by the EIS as
well as their spatial–temporal variation.

4.2 EIS Architecture

Like any decision support system, the ultimate goal of an EIS is to support decision-
making through the implementation of an environmental information management
platform.Thismakes it possible to collect, organize and analyze in one place,multiple
data from different sources.

To set up anEIS, the targeted real-world environmental issues are translated, based
on a model (DPSIR for example), into data (input). The data are then processed,
analyzed, crossed and aggregated by the information system in order to produce
results (output). The outcomes can be represented in different formats: reports,
statistical tables, graphs, interactive maps, dashboards.

The core of the EIS is the processing block which is the main function of any
information system. This part usually consists of an application server and amapping
engine that allow both the processing and analysis of attribute and spatial data. This
core is usually designed as a client–server or web architectures. Data storage is
provided by Database Management Systems (DBMS).
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5 EIS Benchmarking

5.1 International EIS Overview

The aim of analyzing environmental information systems at the international level
is to establish a review in terms of uses and approaches and to draw a synthe-
sized overview of the structures and components of these systems. Several systems
are studied at the global level (United Nations, Europe) and at the level of certain
countries (United States, Canada, Switzerland).

5.1.1 Information System of the United Nations Environment Program
(UNEP)

The United Nations Environment Program (UNEP), founded in 1972, is the highest
environmental authority of the United Nations. Its mission is to act as a catalyst,
advocate, instructor and facilitator to promote the wise use and sustainable devel-
opment of the global environment [31]. It also aims to be a source of inspiration
and information for countries and populations and a facilitation instrument that will
enable them to improve the quality of their lives without compromising the future
generations’ one [32].

In terms of environmental information management, UNEP has established a
global network of environmental information centers for managing the global envi-
ronmental resources database calledGRID (Global Resource InformationDatabase).
The GRID has a global network of 15 environmental data centers managed by
UNEP’s Pre-Alert and Evaluation Division (DEWA). Each GRID regional center
manages its database and updates it through its partners (FAO, UNESCO, World
Bank, regional or national organizations, research laboratories …).

GRID’s objective is to provide and facilitate access to environmental data and
information for decision-making and environmental policy-making. It also aims to
set a solid basis on which UNEP can rely for its study of the world’s environmental
state [33].

These data are managed through a data portal called “GEO” which is the frame-
work used by UNEP and its partners to manage and assess the environmental issues.
This online database contains more than 500 different parameters distributed into
several categories:

• Geospatial data (maps) covering different themes such aswater, forests, emissions,
climate, disasters, health and population.

• Statistics at the national, regional or sub-regional level.

This information can be visualized in the form of maps, graphs and tables. It can
also be downloaded in various formats.
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5.1.2 Shared Environmental Information System (SEIS) of Europe

The Environmental Information Sharing System (SEIS) was created by the European
Environment Agency (EEA) in 2008 in response to the challenges of managing envi-
ronmental issues that Europe faces. The aim is to improve the collection, exchange
and use of environmental data and information throughout Europe [34]. SEIS targets
also to set up an online information system to simplify and modernize existing
environmental information systems and processes.

SEIS has been designed based on an approach according to which the environ-
mental information must be [35]:

• Managed as close as possible to its source
• Collected once and then shared between partners and users interested in this data
• Accessible to all users to meet data needs and facilitate reporting tasks
• Shared in order to allow comparisons and to draw evolution curves of environ-

mental phenomena
• Available and readily usable for the general public
• Standardized to facilitate its exchange and processing by different information

systems.

SEIS is implemented as a web platform consisting of a set of tools and interfaces
for displaying and managing data in the tabular, graphical and cartographic form.

It deals with the different themes and issues of the environment at the scale of
Europe: Water, Air, Emissions of gases, energy, urban waste, biodiversity …

An SEIS extension to the neighboring countries of East and South has also been
put up through support and assistance programs for these countries.

5.1.3 Information System of the European Directive “INSPIRE”

The INSPIRE directive, drawn up by the European Commission through its Direc-
torate General for the Environment, aims to establish a geographic data infrastructure
in Europe to ensure interoperability between databases and facilitate the diffusion,
availability, use and the reuse of geographical information in Europe [36].

The INSPIRE directive is based on several founding principles of a Spatial Data
Infrastructure (SDI), namely the data must be [37]:

• collected once to avoid duplication. It should be then stored, made available and
updated by the most competent authority

• combined with other information coming from different sources across Europe
• shared between different users and applications
• shared by all other public units if the original data is collected by a public

institution, regardless of their hierarchical or administrative level
• described throughmetadata to knowwhat information is available and under what

conditions they can be acquired and used.
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The information system of INSPIRE offers a set of features and services to
discover, visualize and query the different types of data managed. It ensures their
presentation and manipulation according to the standards that were designed for
maximum interoperability between the databases involved in this European directive.

The data managed within the INSPIRE framework concern both general data
(topography, administrative boundaries, hydrography, transport networks …) and
environmental data (Air, water, ocean, biodiversity, protected areas…).

5.1.4 Information System of the US Environmental Protection Agency
(EPA)

The United States Environmental Protection Agency (EPA) was founded in 1970 to
address the high concerns of environmental pollution issues. The objective of this
federal public institution is to consolidate in a single entity a variety of research,moni-
toring, management and enforcement activities to ensure environmental protection
at the US federal level [38].

Environmental information management at the EPA is achieved through a set of
databases and several tools. Access to this information is organized by using a single
interface called “Envirofacts” which provides access to all environmental data via
a federal web portal for searching information either by study area (county, basin,
park …) or by theme (Air, water, soil, waste, toxic materials, radiation …).

The choice of the environmental information leads to an interface that makes it
possible to list all the properties associated with this information (metadata), to view
the measured values of this data, to locate the measuring network for the parameter,
and to download the data in various formats (text files, Excel, KML or Shapefile).

This portal also has a geospatial system entitled “EnviroMapper” that allows to
spatially represent all environmental informationwith a rich cartographic background
composed of satellite images, aerial photos, vector layers (roads, hydrographic
network, cities …) and address layers.

5.1.5 Environment Canada Information System (EC)

EnvironmentCanada (EC) is the federal organization responsible for themanagement
and protection of the environment in Canada. Its primary role is to ensure a healthy,
clean and sustainable environment through credible science, effective regulations
and laws, successful partnerships and high-quality service delivery [38]. Its mission
is to preserve and enhance the quality of the natural environment, repair damage,
enforce legislation, and coordinate environmental policies and programs on behalf
of the federal government.

EC environmental information management is conducted through a set of indica-
tors called Canadian Environmental Sustainability Indicators (CESI) that provide
data and information to track the performance of the country in environmental
sustainability issues, such as climate change, air quality, water quality and nature
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protection [39]. These environmental indicators are derived from a set of information
that identifies environmental trends.

These indicators are prepared by “Environment Canada” with the support of
other federal departments as well as provincial and territorial departments. They are
designed and developed through methodologies and data regularly obtained from
surveys and monitoring networks.

This environmental information is presented through a geoportal that allows
display data in different formats: tables, graphs, texts, interactive maps and
downloadable files.

5.1.6 Information System of the Swiss Federal Office
for the Environment (FOEN)

TheFederalOffice for theEnvironment (FOEN) is the Swiss organization responsible
for the sustainable exploitation of natural resources, such as soil, water, air and forest.
It is responsible for protecting against natural hazards, protecting the environment,
preserving health from excessive exposure to pollution and conserving biodiversity.
The mission of FOEN is to preserve and manage natural resources according to the
principles of sustainable development and eliminate the damage that has already
occurred and protected people against pollution and natural hazards [40].

In order to manage environmental information, FOEN has set up a multidisci-
plinary information system composed of a set of tools based mainly on geographic
information systems (GIS) as a method of presenting environmental information.
The three main components of this system are:

• set of databases on the different environmental themes: database on the state of
surface water (DBGZ), Solid database (thrust volumes in rivers), water resources
(GEWISS)…

• EcoGis: Interactive mapping service that allows the display of different infor-
mation on a cartographic background. This service enables to manage the carto-
graphic rendering, query and search the data as well as download the data in
several formats.

• Swiss environmental data catalogue (Envirocat): this project launched by FOEN
and the Swiss Federal Statistical Office (FSO) aims to organize, in collaboration
with all the others departments, all sets of environmental information in a single
system. The purpose of this catalogue is to provide an overview of the environ-
mental observation activities carried out by the Confederation and the cantons.
It presents the metadata’s properties for all the environmental information sets
(source, methods of acquisition, exchange rules, quality …).

5.2 Benchmarking Synthesis

The analysis of the international EIS cited above lead to the following conclusions:
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• EIS is often built based on a system of environmental indicators that are calculated
from several sets of data

• Environmental data changes over time and varies in space. In most of the systems
studied, this information is collected by sensors and telemetry networks

• To ensure the data exchange, the environmental authority prepares partnership
agreements with the others institutions managing the environmental data in order
to acquire their measurements

• The entity responsible for the environment is usually the one responsible for
organizing, updating and distributing the information contained in the EIS

• Most EIS are built based on several levels and tools: a layer for storing data in
databases, administration tools, configuring and updating tools and environmental
information exchange tools

• For the environmental information diffusion, the geospatial portal (geoportal) is
the most widely used technique. Such geoportal is developed either in the form
of a very rich web-based GIS or the form of a simple interactive mapping tools

• The datamanaged by the EIS covers both generic data (topography, administrative
boundaries, hydrography, transport networks, etc.) and specific environmental
data (Air, water, biodiversity, marine areas, ecological areas, etc.)

• Metadata is a key element of EIS. All the EIS analyzed offer a catalogue system
to manage and manipulate the metadata.

6 Use Case: EIS in Morocco

6.1 Environmental Policy in Morocco

Morocco has been experiencing a significant economic and demographic growth for
several years, which has led to an improvement in the standard of living but also
to strong urbanization and an increase in energy and natural resources needs. This
development was not without negative repercussions on the state of the environ-
ment. Pollution of the natural environment and overexploitation of natural resources
coupled with the hostile impacts of climate change are threatening factors to the
environment.

Morocco has put in place a legislative and regulatory framework for the protec-
tion of the environment reconciling the imperatives of socio-economic development
and those of the preservation of the environment. This vision was concretized by
the implementation of the National Charter of Environment and Sustainable Devel-
opment in 1999 which led to the National Strategy for the Protection of the Envi-
ronment. Thus, several laws have been promulgated, notably, those relating to the
environment, water, wastemanagement and environmental impact studies [24]. Inter-
nationally,Morocco has ratified numerous environmental treaties, including theEarth
Summit of Rio de Janeiro (1992) and Johannesburg (2002). According to the reso-
lutions of this later summit, all countries had to draw up their National Sustainable
Development Strategy [41].
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Morocco has developed its 2030 sustainable development strategy [42]. It has
defined a list of indicators for assessing the country’s sustainable development [23].
Therefore, all specific development projects must consider the environmental dimen-
sion in order to guarantee the good management of resources, the protection of
ecosystems, the monitoring of the state of the environment and the improvement of
citizens’ living environment.

6.2 Moroccan EIS

Morocco is engaged to submit periodic reports on the state of the environment at the
regional and national levels. In 2010, it decided to set up EIS at the regional level
called Regional Environmental Information System (REIS). The objective is to have
a platform for monitoring the state of the environment in each region in perspective
to consolidate them in a next step to form the national environmental information
system.

REIS is designed as a tool for decision support system and informationmonitoring
in the domain of environmental management and sustainable development. It is a
platform for generating, sharing and representing region-wide environmental data
and indicators using the DPSIRmodel. The objectives assigned to the REIS are [43]:

• Facilitate and boost the flowof information between environmental data producers
and users

• Meet the public needs demanding more transparency in accessing and dissemi-
nating environmental information

• Enhance the abilities to produce, manage and distribute the environmental
information

• Develop tools to display and summarize the evolution of different environmental
indicators and phenomena

• Automate the generation of periodic reports on the state of the environment
• Support the environmental forecasting through simulation tools.

Two significant challenges were encountered during the implementation of these
REIS:

• The Data component of the Information System: How to ensure the collect and
the regular update of the database?

• The Software component of the information system: What technical architecture
should be adopted to meet the needs of different users?

To address the first point, a strategy for the exchange of environmental information
between the partners of the region has been set up based on thematic information
exchange networks founded by the regional authorities. The second challenge was
processed by building the REIS based on aweb-oriented architecture that allows each
partner (Regional representations of the ministries, urban agencies, water agencies,
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Table 3 Roles of regional
environmental information
system actors and partners
[43]

Actor Role

Regional observatory of the
environment

• REIS administrator

Regional partner (data
producer)

• Produce and update
partner-specific data

• Access all other categories of
data

• Use REIS functions

Regional partner (data user) • Query data
• Use REIS functions

General public • Query public data

delegation…) to access to the system and databases according to the rights and roles
that have been assigned to each entity.

The role of the different entities involved in the REIS is shown in Table 3 [43].

6.3 REIS: Are They Operational?

A few years after the launch of the REIS projects in the different regions ofMorocco,
the finding is that these systems are struggling to function effectively and to be
deployed to the general public. New REIS harmonization and operationalization
projects are launched. The question then is why the deployment of EIS encoun-
ters problems and fails to move to the operational state. Are these technical diffi-
culties related to information systems, institutional barriers referred to the use of
collaborative systems or problems of availability and access to data?

The diagnosis led on some REIS [44] and the conclusions drawn from the imple-
mentation of other types of information systems in the Moroccan context, show that
the technological aspect of the information systems is no longer a problem. It is
rather the weakness of the content, embodied by the lack of data or the poor quality
of existing data, that hampers the successful deployment of these systems. This situ-
ation is further aggravated when the institutional aspects of data exchange between
partners are not defined or formalized.

Solutions and alternatives must be brought in order to overcome the obstacles
hindering the implementation of useful, operational and up-to-date EIS, especially
in countries that are experiencing problems of lack or scarcity of data.
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7 Guidelines for Implementing Operational EIS
in Data-Scarce Countries

Following the benchmarking carried out on the EIS of some countries of theNorthern
Hemisphere and the case study of Morocco, we can draw a set of conclusions and
proposals for the deployment of useful, operational and efficient EIS in the context
of data-scarce countries.

They are presented in three levels: institutional, technological and related to data
problems.

7.1 Institutional Aspects

7.1.1 Public Data is the Business of the State: Need for a National
Spatial Data Infrastructure

The core of an EIS is usually a DBMS and a Geographic Information System (GIS)
that require spatial data. These data are divided into two parts: global or public data
that can be used by all information systems (topography, geomorphology, hydrog-
raphy, administrative division, roads, demography …) and specific data relating to
the field of IS (environment). Establishing a successful EIS requires that it focuses
principally on the collection and structuring of specific environmental data. The
necessary public data under the responsibility of other departments and entities of
the State must be collected and provided by these units. This is the concept known as
National Spatial Data Infrastructure (NSDI) that each country needs to implement
in order to facilitate the deployment of information system and the reuse of data
as is the case in developed countries [45]. Environmental community-based moni-
toring systems must also be encouraged by public authorities to facilitate citizen
participation in the preservation of the environment [46].

7.1.2 Data Exchange is a Necessity and Not a Favor

In multidisciplinary fields such as the environment, data is coming from different
sources. Itmust be cross-referenced in order to have amore real idea of environmental
issues. Exchange and sharing of data between institutions become so a necessity
and an obligation [26]. A “win–win” policy must be implemented in order to build
operational networks for data exchange. Institutionalizing these networks and putting
them in a legal and regulatory framework that cangive them the strengthof application
will further reinforce the information flow and address a number of data access and
availability issues.
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7.1.3 Non-quality Costs More Than Quality

Today, it has become clear that the cost of non-quality or poor quality is higher than
that of quality. The use of data including mistakes or biases can potentially produce
incorrect conclusions that may lead to decisions with dramatic consequences [47].

Institutions must, therefore, invest from the outset in the creation of reliable and
good quality systems and databases. Thiswill ensure the continuity and sustainability
of these systems and an effective amortization of the investment made to build the
databases.

Non-quality often leads to the abandonment of the system, the creation of the
same features in a repetitive manner, the waste of time and money and the waste of
opportunities to develop new value-added services that can be achieved if the system
was reliable and accurate.

7.2 Technological Aspects

7.2.1 Technology Must Be Adapted to the Needs of Society and Not
the Other Way Around

The technology has been developed to facilitate human life and to make it better and
safer. It is often the fruit of the need expressed by society. However, its life cycle and
change are faster than that of men. While procedures and work processes need to
be reviewed and improved in order to benefit from technological development, they
must not be jostled and upset to keep up with almost daily changes in technology.
The rate and speed of process evolution are more stable and slower than those of
technology. It is the latter that must be adapted to business logic and not the other
way around.

7.2.2 A Simple and Operational System is Better Than a Pretty Empty
Shell

The goal of an information system is to have a platform for managing and trans-
forming input data into information and knowledge to facilitate and guide decision-
making. The focus must be on the implementation of operational and useful systems
even if we are forced to adopt the simplest and most basic representations. It is
apparent that it does not make sense to have a complex and sophisticated but
non-functional system.

Therefore, Particular attention must be paid to the step of capturing user needs
in order to adapt the functions of the information system to the real needs and
expectations of its future users [48].



Implementing an Environmental Information System in Data-Scarce … 173

7.2.3 Interoperable Systems Communicate Better Than Humans

Environmental issues are becoming more complicated and interdependent. The
development of information systems must be done by adopting principles of open-
ness and interoperability. Systems must be able to communicate and exchange with
each other to facilitate the implementation of data exchange protocols and to ensure
the smooth and timely flow of information.

In the last decade, new approaches and techniques, such as service-oriented archi-
tectures, have been developed to meet these needs [49, 50]. EIS design should benefit
from this evolution to facilitate communication and interoperability of environmental
systems.

7.3 Aspects Related to Lack or Scarcity of Data

7.3.1 A Mine of Open Access Satellite Data to Use

To overcome the problems of access and availability of data, other alternatives are to
be explored. Earth observation data captured from satellites is one of the promising
options in this regard. Indeed, with the free and open access to satellite data of
many types and resolutions, these databases become a valuable source that countries
suffering from data availability problems can exploit and glamorize [51].

Research conducted on these data sources shows that they can answer the data
needs (topography, land use, climate, soil moisture, ocean salinity, etc.) in different
areas, especially at small andmediumscales.Many environmental studies use already
this kind of data such as those relating to water, air, soil, oceans… [52].

However, these data cannot replace in-situ data in most cases and must always be
analyzed and validated before use. A combination of these global data with local data
collected in-situ would be a suitable and recommended approach to take advantage
of the benefits of each of these two categories [53].

7.3.2 Sensors Acquire Data Better Than Humans

The development of Information Technology has allowed the implementation of new
modes and techniques of data collection (sensors, drones…). The advantage of these
methods is the automation of the information acquisition chain, the increase of the
frequency’s collection and the access to the data in real time [54]. Delegating data
collection tasks to machines limits human intervention in this process and therefore
minimizes the sources of error and the dependence on human will and behavior.

The flood warning and water quality monitoring sensors are two concrete exam-
ples of the major utility of these techniques and their determining role in the
preservation of lives and the environment [55, 56].
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With the ongoing reduction in hardware and software costs, it turns out that these
techniques are an opportunity that developing countries can seize to build reliable,
accurate and up-to-date databases.

7.3.3 Data Availability Issues at the Big Data Era

The amplification and the multitude of techniques of data acquisition (satellites,
drones, sensors, cameras, smartphones …) have generated large data, very varied
and evolving with tremendous speed. This is the big data, the era where the problem
of data is reversed. There is a lot of data, so we do not know which to use and which
one has value.

Big data techniques present three significant advantages for the implementation
of information systems. Firstly, they provide solutions for the storage of mass data
that evolve over time, such as those concerning the environment. They provide algo-
rithms andmethods for processing and analyzing extensive data coming from various
sources. Finally, they provide tools and interfaces to display information in many
ways that make it easy to understand and interpret the phenomena being studied
[57].

Developing countries, and especially those suffering from data availability prob-
lems, are called upon to formulate their strategy for exploiting and using big data in
order to benefit from the advantages and opportunities offered by these techniques.
Above all, it is necessary to determine concrete and useful uses of this technology
through its contextualization and its adaptation to the concerns of society instead of
falling into its charm.

8 Conclusions and Recommendations

Humanity is forced to adopt the concepts and requirements of sustainable devel-
opment to handle the fragility of ecological equilibrium and the degradation of the
environment as a result of the imperatives of socio-economic development. One of
the pillars of this requirement is to continuously monitor the state of the environment
through an operational information system that can assess and support the actions
and policies of society towards the environment.

The implementation of such systems encounters difficulties in developing coun-
tries due mainly to problems of availability and scarcity of data. This study provides
an overview of the different issues concerning this topic and presents a list of
suggestions to overcome these obstacles.

To implement a successful and useful environmental information system, the
authors recommend to take into consideration all the elements of the guideline
presented in this study. They highlight the need to pay special attention to the problem
of lack or scarcity of data. For that, they also recommend studying and analyzing the
new opportunities offered by remote sensing techniques and big data technologies.
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Green Spaces for Residential Projects
as a Commitment to Environmental
Concerns and a Sustainable Development
Initiative: Design of a Peri-Urban Park
in Casablanca, Morocco

Amira Hamdaoui and Mohamed Bsibis

Abstract The need for green space is no longer to be demonstrated in urban areas;
it is not only a question of environmental and aesthetic stakes, but also the place
of founding experiences and social openness. The presence of this vital space is
essential for the well-being of human populations, because its absence presents itself
as a phenomenon to be analyzed., Casablanca is a city that is much better known
for its buildings than for its green spaces. Places of relaxation in the White City
are numerous, but they are poorly maintained. The number of green spaces varies by
neighborhood. In fact, themetropolis has less than 2m2 per inhabitant on average, far
from the 12 m2 recommended by theWorld Health Organization and Very far behind
the 20 m2 available to the cities of Paris and New York. An insufficient figure for a
metropolis with more than 5 million inhabitants. As a result, real estate developers in
Morocco, and especially in Casablanca, used this lack of green space as a marketing
charter for housing projects. They present their projects under a natural concept, and
the development of green spaces (private garden, park, square) and their interviews
are of paramount importance.

Keywords Development · Periurban · High standing · Casablanca · Sustainable
park · Environment

1 Introduction

Since independence, Morocco has embarked on a long process of modernization
of the territorial administrative organization and its adaptation to the current polit-
ical, economic and social context while gradually introducing a decentralization that
will allow a rapprochement between the administration and the local authorities
[1]. Administered, and citizen involvement in the decision-making process and the
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management of local affairs. This will make Morocco one of the most emerging
countries in the MENA region [2].

The processes of territorial recomposition in Morocco are characterized by a
continuous dynamic, reflecting themajor changes that affected the different sectors of
the country during the twentieth century. Territorial renewal in Morocco is a process
of permanent recomposition, from traditional frames (whether tribal, confessional
related to brotherhoods or “seigneurial” caidal) to the most recent territorial meshes
in municipalities and regions. The different generations of forms and political and
administrative territories born of these processes of recomposition were first the
colonial region, then the province, the commune and the postcolonial region, finally
many perimeters were distinguished administratively first for the development [3].
And then more recently for development projects and environmental protection. The
territorial building reflects the evolution of logic, contexts, strategies, means and
approaches to a changing local, national and international reality [4]. Each terri-
torial renewal generates new references and multiplies the forms of the territorial
framework. We can even speak of a process of densification and complexity of terri-
torial management in Morocco. The CASADIAA project in Casablanca and the
development of its park represents one of the typical examples of what Morocco is
experiencing today in terms of sustainable territorial development [5].

2 Landscaping and Land Use Planning in Morocco

A land of art and beauty, a country where, the particular architecture is its history and
multiple influences, from war to another and from succession to another, Morocco
remains the beauty process fruit and human stupidity. Islam and its influences of the
East, mixed with the old Berber strain and spiritual and cultural heritages, although,
Morocco has made an original culture.

A country of thirst where rains are infrequent, and streames are limited, the human
being has managed to take advantage of these constraints to make visitors explore
exceptional gardens contrasting with the drought surrounding climate. Nowadays,
Moroccans face several problems, despite the protectorate efforts to deal with the
anarchic development on the suburbs, Morocco has to deal with an ever-growing
population abandoning the rural world for an urban lifestyle. This current image of
both Moroccan land and landscape planning must be the result of a strategy used
from the beginning of its history [6].

2.1 Territorial Planning in Morocco

The first form of urbanism to emerge in Morocco is essentially that which exists
within traditional cities, which is of Muslim and Arab origin. This organization is
dependent on a society deeply oriented towards religious practices. The medina is
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the historic funds of Morocco city. This term refers to the old city. This is precisely
where traditional activities are found. It is defined by a radiating device whose central
point is the Great Mosque, the stalemate habitat around the merchant streets and
encirclement by the old ramparts. This organization as we know it today would also
come from the report that the Arabs have with the economy. Muslims give some
importance to the public place, which is reduced to street networks and markets. The
urban system consists of buildings that are closely connected to each other that forms
a common mass.

From 1912, under the influence of the French protectorate, Morocco undertakes
to reorganize its workforce. General Lyautey’s plan of action is clear: “To ensure
order and security, to promote economic and social development, to ensure justice
and equity under the guise of traditional authority.” Urbanism is then the main key to
the accomplishment of this colonialist policy. It was then that Morocco was imposed
Western urbanism as it existed in France at the beginning of the twentieth century. It
is precisely this imported urbanism that will be associated with Morocco’s entry into
the modern foundations. We then move from a model based mainly on human values
to a model of structuring based on normative rationality, urbanism of a predictive
and secure type [7].

In 1914,Moroccowas the first country in theworld to have a legislative instrument
in urban planning, for example, France does not yet have devices of this kind that:

• defines how to implement the city plan
• defines the terms and conditions for individuals to create groups of dwellings;
• defines the regulation of the act of building

This law allowed the state to create, between 1915 and 1925 a number of cities: a
dozen will emerge. Also, the administration has equipped itself with an instrument
to put an end to the uncontrolled expansion of cities that had been raging for time in
Morocco [7].

The “new cities” or “European cities” are the urbanistic result of the modern
thought of the time. In order to preserve the Moroccan culture, these cities were
located on the outskirts of the medina and a buffer zone was planned in order to
distinguish them. To facilitate the establishment of these new cities, the state has
thus acquired a new tool, the Dahir of November 23, 1917 [8].

The state, as mentioned before, which then practices a provisional planning and
security type is confronted with the needs of forward planning and with greater
control of the urban evolution. Through the adoption of several Dahirs in the 1930s,
Morocco is moving to a rather strategic type of urban planning, which seeks greater
coherence between the design and execution of these projects. To finally reach the
Dahirs of July 30, 1952, which will mark the urbanism until the independence of
Morocco. This law is intended to be an extension of the field of application, hitherto
reserved to the cities, to other spaces: the suburbs, Peripheral areas, the delimited
centers and urban planning groups.

This law states that from now on, only the development plan generates obligations
and this plan allows the administration to prepare development plans and zoning plans
for each region. It should be mentioned that until now no law has been designed for
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the ruralworld. It will be necessary towait after the independence so that the direction
of Morocco fills this gap.

While during the protectorate, Morocco is witnessing an accelerated and constant
regulation of its cities, the pace will be somewhat diminished during independence.
Aswell as, until 1992, the 1952Dahirwill remain themain lawof reference.However,
a legislative law covering the rural worldwas born on June 25, 1960,which somewhat
complemented the Dahir of 1952. This law recognizes and delineates the agglomera-
tions located outside the urban perimeter without, however, reserving any particular
regulation. From now on it is compulsory to provide a building permit and the subdi-
vision will be subject to prior authorization. It is only in 1992 that the government
will pass new laws to adjust legislation and counter urbanization problems [9] (El
Issaoui, 1997).

On June 17, 1992, the government adopts a law which relates to town planning
and which applies mainly to Urban Commons, defined centers of rural communes,
peripheral areas of urban municipalities, urban planning group, the coastal strip on
a depth of 5 km and along the roads at a depth of 1 km.

Until then, it is the state that monopolizes the production of norms and urban
planning, and the local authorities take care to implement them. There is a confu-
sion in terms of sharing of responsibilities versus a large number of stakeholders,
constituting a hindrance to the implementation of urban plans. Starting in 1998,
the government of “alternation”, with their vision of integration, will make urban
planning the habitat, the environment and regional planning of a single department.
The main objective of this government is mainly to establish a real communication
with all the actors involved in the areas concerned. In this respect, the meeting of
the four poles into a large ministry has the advantage of matching the reality on the
ground and of meeting the requirements of coherence and efficiency required by the
combined action of the four departments.

So the state makes planning and planning a complementary set because they have
the same time scale and the same long-term concern. It is then that the concept
of sustainable development is approached. “There is no question of continuing to
make the present prevail, to manage the urgency, but to look for the future and for
that it requires a medium and long-term vision and values that define and explain
the concept of sustainability. The concept of sustainable development is essentially
based on four principles:

• Keep in mind the needs of future generations
• Take into account all the environmental efforts of urban activities
• Balance city and rural residents, as well as between current and future generations
• Promote the participation of all citizens in decisions concerning the development

of their spaces and territories.
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2.2 Landscaping in Morocco

Since the establishment of the protectorate, the first resident general of France in
Morocco, Marshal Hubert Lyautey (1854–1934), launched the challenge of creating
model cities, symbols of modernity and progress, like the power French colonial; in
the middle of the 1914–1918 war, it was a real “war gesture”. To achieve its urban
program, the resident Lyautey turned to France and more specifically to the Social
Museumwhichwas trying to assert the obligation of development plans and extension
for major French cities. Member of the Social Museum and Conservator of the Paris
walks, landscape gardener Jean Claude Nicolas Forestier proposed to the resident
general to implement the concept of “parks system” that he had theorized in 1906
through his book Grandes Villeset Systèmes de parks. This theory, which remained
unimplemented in France, consisted of planning new settlements and orienting their
development through a hierarchical and continuous network of open spaces, ranging
from public gardens to periurban green belts [10].

In 1913, called by Lyautey, Forestier went on a mission a few months in Morocco
to draw up a “report of the reserves to be built in and around the capital cities of
Morocco …”. In this report, Forestier proposed a set of prescriptions to follow in
order to implement the principle of the park system in each Moroccan imperial city.
To implement the prescriptions of Forestier, Lyautey, on the advice of the landscape
architect, brought the architect Henri Prost.

As soon as they arrived inMorocco in 1914, Prost and his team set up development
plans for all Moroccan cities. All new settlements would be designed on the basis of
the urbanistic principles imposed by the resident Lyautey, namely: the separation of
the old and the new city, the creation, outside the medinas, of a non aedificandi area
of military protection and hygiene and the division of the new city into differentiated
neighborhoods (zoning).

In addition to these principles, Henri Prost will experiment with Forestier’s
concept of “park system”. To understand how the new colonial settlements were
built through a system of parks and gardens, we will take the example of two cities:
Rabat- the capital—and Marrakech, two ultimate garden cities.

• Rabat, the prototype of the 1920s landscape city

Rabat is located on the Atlantic coast, at themouth of the river Bou-Regreg, facing
the town of Salé which occupies the opposite bank. It is naturally bounded on the
north by the ocean, on the east and south by the Bou-Regreg valley. The undulating
terrain associated with dune cords parallel to the coast offers a succession of high
points (belvederes) and low points.

The geographical location and the topography of the site will be decisive in the
choice of the distribution of the open spaces of the new agglomeration.

In 1912, at the time of installation of the first in the French capital, the city was
concentrated in two urban nuclei: the Kasbah of Oudayas, fortified camp dating
from the ninth century, at the mouth of the BouRegreg and medina confined in its
Andalusian walls dating from the seventeenth century. Outside the enclosure, some
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monuments dotted the landscape: the ruins of the Mosque of Hassan Tower—twin
sister of the Ghiralda Seville and Koutoubia Marrakech—remained unfinished under
the Almohad dynasty (twelfth century) the Es-Sunna mosque, the imperial palace,
built in the eighteenth century, and its gardens (l’Aguedal). These elements were
delimited by a second enclosure raised in the twelfth century by the Almohads.
Beyond these outer ramparts stood, in Belvedere on the valley of Bou-Regreg, the
ruins of the Chellah, ancient merinid necropolis of the thirteenth century. The rest of
the space between the outdoor enclosure and the inner enclosure—which surrounds
the medina—was occupied by gardens, vineyards and orange groves.

– Forestier’s prescriptions for the planning of the new city

In its 1913 report, Forestier advocated for the future city of Rabat a number of
recommendations relating, on the one hand, to the protection of existing gardens
and, on the other hand, to the creation of new open spaces. In the first place, he
asked that the gardens and orange groves around the medina, inside the Almohad
enclosure, be conserved, notably by creating a green zone not aedificandi outside
the Andalusian enclosure. Beyond the outer ramparts, he recommended creating,
before the city develops, reserves for public gardens and avenues for walks. At the
same time, he proposed to link the different neighborhoods by a communication
network combining wide roads and narrower streets with a suitable planting system.
To anticipate the growth of the city in the medium and long term, Forestier advised
the creation of green isolation zones outside the Almohad enclosure.

– The system of open spaces of Forestier applied to the plan of development of
the new city (plan Prost)

The first action of the architect Prost was to safeguard and classify the monuments
of the past, in response to Lyautey’s urban doctrine based on respect for the ancient
heritage, traditions and morals of the Moroccan people. In parallel with the classifi-
cation of the urban and architectural patrimony (kasbah of Oudaïas, Hassan tower,
ramparts, etc.), Prost imposed nonaedificandi easements around the ramparts of the
medina and the tower Hassan and Chellah. New and completely original element:
Prost preserved some points of view on the panorama of the ancient city (ramparts,
medina, etc.) and its surrounding landscape (ocean, mouth, the silhouette of Salé).
The new constructions risk to hide the views, Prost decided to arrange the first plans
in gardens. Thus the location of the gardens and open spaces of the future European
city was chosen. To establish the development plan for the new agglomeration, Prost
drew up:

• A traffic plan in which the main lines of communication appear;
• A distribution plan of the different neighborhoods (administrative district,

residential and commercial district, university district, industrial district);
• Aplan for open spaces indicating the distribution of the various free spaces (public

gardens, residential areas of the General Residence, planted walks).
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Prost’s plan for open spaces is the perfect illustration of the parks and gardens
system outlined by Forestier in his 1913 report. Thus, as he had advocated, before
neighborhoods rise, gardens public and open spaces were to be created outside and
inside the Almohad enclosure.

The first public garden, the Essais garden, was built in 1914 on the outskirts of
the ramparts on about ten hectares. The development plan was designed by Forestier
in 1916. The second public garden is the Belvedere garden, built in the continuity
of the Essais garden, on one of the highest points of the city. Originally, it was the
Franco-Moroccan exhibition fair that took place in September 1917. Prost chose the
site because of its privileged location overlooking the city and the ocean. The creation
of a fair outside the outer walls was an opportunity to anticipate the development of
extra-muros districts (Aguedal district). The site of the fair was indeed preserved and
rehabilitated in public garden and surrounded by afforestation of pines and eucalyptus
which formed, from 1917, a greenbelt (wood of the Aguedal) around the enclosure
of the royal palace. The third public garden is the Garden of the View Triangle,
designed in 1924 by the French landscape architect Marcel Zaborski, head of the
walks and plantations of Morocco. Located outside the ramparts of the medina, it
acts as a buffer between the old and the new city. Why the name “View Triangle”?
To respond simply to the desire of General Lyautey to highlight the perspective from
the terrace of the Municipality—former General Residence—on the medina and the
ocean. Today located in the city center, the garden of the Triangle of View forms a
key link in the park system of the city of Rabat. The Garden District of the Residence
General is also part of the network of open spaces and privileged points of view that
wished to safeguard Lyautey. Built on the highest point of the city, leaning against
the outer ramparts, the Residence district was conceived as a garden city in its own
right. A veritable “gesture of war”, the district gathered all the administrative services
of the protectorate and the residential villa with its gardens, all drowned in a green
setting (pine and eucalyptuswood) and connected by a judicious system of pedestrian
galleries. The gardens of the residential villa, designed in part by Albert Laprade—
collaborating architect of Prost—and by Marcel Zaborski around 1920–1925, were
realized in the pure French tradition with regular flower beds taking place in front of
the main facade of the Residence.

Outside these gardens, others were created like the Oudayas garden laid out in the
enclosure of the casbah in the pureMoorish tradition, or the garden of theMamounia
realized on the site of an old orange grove between the ramparts from the medina and
the outer enclosure. Let’s also mention the gardens of Hassan Tower and Chellah.
A set of squares, kindergartens, squares, sports fields and woodlands (green belts)
completed the network of parks and gardens of Rabat. To connect the various free
spaces of the city, Prost made realize, as Forestier had prescribed, a network of
planted walks combining broad avenues and narrower streets.

• Marrakech, the garden-wintering city

Marrakech is, like Rabat, an old imperial city. It is located more than four hundred
kilometers south of the capital, in the center of a vast plain bounded on the south
by the chain of High Atlas, about fifty kilometers, and by the hills of Jbilet, about
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ten kilometers North. Before the advent of the protectorate, Marrakech had all the
elements of a garden city. Although enjoying a semi-arid climate very dry, the city
astonishes by its luxuriant vegetation, with its vast palm plantation and its immense
gardens. At the beginning of the twentieth century, the city was limited, like Rabat, to
its medina. The essential difference is that Marrakech, unlike other Moroccan cities,
had many large expanses of gardens within its walls.

The most important are the gardens of Aguedal which extend to the south of the
medina, at four hundred and forty hectares—almost the size of the medina which
occupies about six hundred hectares. Surrounded by an enclosure, the Aguedal repre-
sents the perfect prototype of the Almohad garden of the twelfth century, with its
large reservoirs, its squares of olive and fruit plantations and, above all, the magnifi-
cent panorama that is offered to the visitor, with on the horizon the silhouette of the
High Atlas.

Inside the ramparts, on the edge of the urban fabric, there were also ancient
princely gardens named Arsa, dating from the eighteenth century, including Arsat
Moulay Abdeslam and Arsat Mamounia, which still exist today.

To these gardens are added the palace gardens, also located inside the enclosure
of the medina: the riad of the palace al-Badi realized under the Saadian dynasty in
the sixteenth century, and the palace of the Bahia and its Aguedal created at the
very beginning of the twentieth century by former vizier Ba Hmed. Outside the
ramparts extends, to the west of the medina, another great AlmohadAguedal: the
Menara. These gardens, surrounded by high walls, also have a pond with a pavilion,
all immersed in an orchard of olive and orange trees. The silhouette of the pavilion,
reflected in the water of the basin, with in the background the snow-covered peaks
of the High Atlas, is one of the most symbolic images of Marrakech.

Outside this walled garden, the medina was surrounded by a vast palm grove that
extended to the north and west of the city. Made up of groves of date palms, the
palm grove was punctuated with nourishing gardens (jnan); among those who were
rehabilitated was Jnan El Harti. The irrigation of all these gardens was ensured, since
the foundation of the city, by a judicious network of khettara (underground draining
galleries) and seguias (aqueducts), the khettaras used to capture water from the water
table and seguias ensuring the delivery of wadis water.

Thus, when they arrived in 1912, the French discovered a set of centuries-old
plantations and gardens and a remarkable irrigation system. Unlike other Moroccan
cities, when Forestier went to Marrakech in 1913, he discovered a new city already
drawn by the French military. The latter had begun to develop a European district
(the district of Guéliz), in the north-west of the medina, between the ramparts and
the military camps installed further north, below the hill of Guéliz (name taken again
for the new city).

Protectivemeasures had alreadybeen taken to preserve the existingpalmgrove and
gardens. In addition to these first measures, Forestier recommended that the whole
of the garden and intramural patrimony of the medina (Aguedal, Menara, Arsa, Riad,
Jnan, etc.) be conserved and restored. He particularly insisted on the importance of
preserving the palm grove against any attempt to subdivide and, above all, tomaintain
“for the future” the magnificent panorama of the High Atlas south of the city.
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At the same time, Forestier had planned, as for Rabat, new reserves of open
space on the periphery of future neighborhoods. At the request of the Bureau des
Renseignements, Forestier planned a public garden on the site of one of the former
orchards outside the city, Jnan El Harti. While maintaining the original layout and
the division into fruit squares, Forestier inserted sport fields of different sizes. Jnan
El Harti is the only public garden built by the protectorate outside the ramparts of
the medina.

In order to improve the route network used by the military, Forestier sketched
pathway profiles along which he proposed walkways to protect from the sun and
dust.

Also, Forestier ordered the factories to be moved away from dwellings and palm
groves so as not to disfigure the emblematic landscape of the High Atlas to the south.
In Marrakech, the role of Prost was to continue the development of the first nucleus
created by the military (Guéliz) by connecting it to the medina and realizing, to the
south, a new wintering area.

Thewintering district was conceived as an ideal garden city, destined for awealthy
foreign clientele, with villas, hotels, a casino and planted walks. Located west of the
medina, it was ideally located in the middle of the gardens (Arsa Medina in the east,
Jnan El Harti in the center and Menara in the west). The layout of the wintering city
was determined by a network of green links (avenues, streets, footpaths) designed
to connect the tourist sites near the Grand Hotel de la Mamounia: the Jamâa EI-Fna
square and the Koutoubia located inside the medina, the intramural gardens (Arsat
Moulay Abdeslam and Arsat Mamounia), the El Harti garden and the Menara. In
order to preserve the exceptional panorama of the Atlas Mountains to the south,
Prost struck the area on the southern edge of the wintering district with servitude not
aedificandi. The new city thus followed “a curved path suitable for strolling, taking
its views on the ramparts, the Koutoubia, the snowy peaks of the Atlas”. Outside the
wintering area, Prost merely rehabilitated the old gardens: the Aguedal and Menara
gardens as well as the riads and gardens of the old palaces.

3 The City of Casablanca: A Metropolis that Suffocates

Casablanca (white house “inFrench), locally calledAnfa (“ hill” inAmazigh), is a city
of Morocco, capital of the region of Grand Casablanca and economic capital of the
country, located on the Atlantic coast, about 80 km south of Rabat, the administrative
capital.

Administratively, its territory (of an area of 386.14 km2) corresponds to that of the
prefecture of Casablanca. Since the return to the principle of unity of the city in 2004,
it is composed on the one hand of the municipality of Casablanca (divided into 16
districts distributed in 8 district prefectures), on the other hand, the tiny municipality
of Mechouar of Casablanca placed in its center and where sits a royal palace. In
the last census of 2004, its population was 2,949,805 inhabitants (2,946,440 for
the municipality of Casablanca and 3365 for that of the Mechouar of Casablanca).
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Made legendary by the film Casablanca (1942), the city has an important modern
architectural heritage, due to the architectural diversity it experienced during the
twentieth century, where it was then the “laboratory of modernity” of new generation
architectswho landed directly benches of the School of FineArts in Paris. Casablanca
is located on the plain of Chaouia, a historically agricultural region and to this day
one of the main centers of agricultural activity in the country. Its position on the
Atlantic coast allows it access to maritime resources (mainly related to fishing).

The only forest area bordering the city is Bouskoura, which was planted in the
twentieth century and consists mainly of Eucalyptus, Pine and Palm.

3.1 Urban and Demographic Expansion

GreaterCasablanca is one of the sixteen regions ofMorocco. Located in the northwest
of the country, the regional capital is Casablanca whose borders are the flap regions
to the north and the Atlantic Ocean to the west. The Casablanca region is the largest
urbanized region in the Kingdom of Morocco, with a population of 3.6 million
inhabitants (2003) which will exceed 4.6 million in 2015 according to estimates.
The average population growth was 2.3% per year between 2000 and 2005. 22% of
the urban population of Morocco lives in Casablanca.

40% to less than 20 years old (1994). The city spanned only 50 hectares in 1907.
Between 1990 and 2000, the area of the city rose from 15,000 to 21,000 ha. In 1996,
an administrative reform led to the inclusion of some neighboring municipalities.
The region “Grand Casablanca” was created in 1997. It is composed of 8 prefectures
on a total area of 869 km2.

Casablanca is an important economic and financial center and one of the largest
ports in Africa. Agglomeration is home to 60% of Moroccan industry (leather,
textiles, machinery, food, and chemical industries). This induces a rapid urban
growth as shown in the Fig. 1 and that is accompanied by the development of slums
(“slums”). New industrial zones are currently being created. A large number of previ-
ously rural communes such asDarBouazza,Médiouna,Mellil, SidiMaarouf, Lisasfa,
AinHarrouda and Bouskoura have been strongly affected by the transformation of
agricultural areas.

3.2 Problems and Confrontations of Casablanca city

• The Traffic movement

The problems of traffic in Casablanca are becoming more and more difficult
to overcome. At certain times of the day, many axes of the metropolis are simply
blocked because of road infrastructure works in progress, the obvious difficulty of
traffic officers to control flows and, above all, indiscipline motorists who engage in
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Fig. 1 Urban development of Casablanca between 1907 and 2004. Source Urban Agriculture
Casablanca-Design as an Integrative Factor of research, p. 10)

a daily war to reach including the city center and neighborhoods. If the numerous
studies and diagnoses made in recent years have made it possible to draw the outlines
of a global urban transport plan, and a new organization of integrated urban transport
around the Casablanca tramway, the transition to the application of these plans on
the ground is waiting.
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• The Pollution

The study of the International Agency for Research on Cancer (IARC), a special-
ized agency of the World Health Organization (WHO), published recently that the
polluted air of Casablanca is carcinogenic. IARC experts believe that there is suffi-
cient evidence to say that exposure to outdoor air pollution causes lung cancer.
“We are strongly concerned by this study since the concentration of fine particles
is higher in Casablanca than in Paris or Washington,” said Mohamed Benjelloun,
environmental expert. Same observation from Prof. SaïdKarrouk, climatologist. He
believes that the findings of the study in question can be applied to all regions of the
planet even though exposure levels may vary from place to place.

Indeed, the metropolis holds the sad national record that sometimes reaches
100 µg/m3 while the European standard accepts 40 µg/m3 at most. It exceeds 2.5
times the international standards. Moreover, for a good reason, its car fleet and its
industrial activities are constantly growing. Indeed, in 2012, the economic capital
welcomed 59,731 new cars, against 50,972 a year earlier, an increase of 17.2%. For
the current year, 65,000 new registrations have been registered. 80% of these vehicles
run on diesel fuel classified in June 2012 in the “certain carcinogenic” category. In
total, 1,800 tonnes of exhaust gases are emitted into the air each year in Casablanca,
with very serious pathogenic effects.

3.3 The Pre-Urban Area and Luxury Housing Projects

Casablanca’s urban expansion has contributed to the emergence of new real estate
developments. The good prospects for luxury real estate are mechanically attractive
and several types of operators have invested or are in the process of positioning
themselves on this segment since the “traditional”market is showing signs of slowing
down.

Villas around 250,000 Dollars and more, designed as main homes with at least
3 rooms with garden and pool, all just minutes from the downtown, is the lode of
the moment for real estate developers. Indeed, there are more developers who offer
affordable villas located on the immediate outskirts of Casablanca. In Dar Bouazza
and its region, about twenty kilometers from the metropolis, the residences of Dar El
Kenz, The Villas of Anfa, Dar El Bahr, Garden Beach, the Villas des Prés or Tamaris
City have added these month to the long list of projects that have grown in the region
in recent years (Marina Blanca, Tamaris Eden, Puerto Marina, Al Boustane …).The
same effervescence is noticeable on the Bouskoura side with, among other projects,
CASADIAA, Sun City, VillaMonaco, theWalili Residences, California Eden, Green
Residences, Lilas Park …, in addition to the essential mega-projects at the level of
forest Bouskoura initiated by Prestigia, CGI and Palmeraie Development.

It is that these formulas of affordable villas in the periphery attract more and more
the Casablancais, tired of the urban din. Considered until recently as second homes,
these products have gradually conquered a clientele of young well-off couples who
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settled because they can not access villas in the center. Moreover, the specter of
demand has quickly widened to senior executives, retirees or professionals ready
to trade an apartment in a posh downtown area for a villa in a more peaceful envi-
ronment. A whole new market that was created so quickly that it took real estate
developers by surprise.

4 The Casa Diaa Project

CASADIAA is a residential complex erected on a surface of 40 ha proposes a
new concept composed of 200 villas of master exclusively on one level. Located
15min fromdowntownCasablanca, the project is ideally away fromurban nuisances.
Figure 2 presents the geographic location of CADIAA project.

CASADIAA offers three types of villas built on a plot of 800m2 including 307 m2

built area (370 m2 covered at a price of 400.000 Dollars).The materials used are
designed to respect the environment (wastewater recycling for irrigation of green
spaces, the use of solar energy …).

CASADIAA will include commercial space for shopping, a fitness center with
SPA and indoor swimming pool, a restaurant, a nursery, a youth activity center,
multi-sports fields, playgrounds, jogging trails, and many landscaped public gardens
of more than 4 hectares of green spaces.

Figure 3 shows the three types of villas. The first villa is Aube Primera which is a
construction that has been specially designed for people who have for the first time
given in to the temptation to have a villa. On an area of 820 m2 and more, the built
surfaces vary in this case from 280 to 406 m2. The garden is valued. On the bright
side, the architectural lines have been finely designed to have large windows that let
light into the house.

Fig. 2 Geographic location of CADIAA project
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Fig. 3 The three types of Casadiaa’ villa

The villa Aurore, the second model, signed CASADIAA, is attractive with its
modern and innovative style. It differs largely by its reception area ensuring user-
friendliness. Already, the built surfaces exceed the level of 500 m2 over a total
area exceeding 1000 m2. Finally, the villa Halo, classified as the villa of excellence
guarantee calm and serenity for its owners. Large in its capacity but also enhanced
by a larger pool, this model of villas is 700 m2 built on a space of 1300 m2. The three
models rare represented in Fig. 3.

The project is located 15 min from downtown Casablanca, on the highway of
the Airport and close to the Bouskoura Forest. The village of Bouskoura is located
south of Casablanca about twenty kilometers. It is called by this name because it is
located near the forest of Bouskoura which is one of the great forests of Morocco
and which attracts a large number of Casablancans on weekends and holidays. Most
of Bouskoura’s trees are eucalyptus.

CASADIAA moves away by about twenty kilometers from the center of
Casablanca. It is accessible only using a means of transport by the road boulevard
El-Jadida. It can be reached only by personal means of transport or large taxis, the
red taxis (Private Taxi) cannot reach it.

The road El Jadida is a road that connects the city of Casablanca with Bouskoura,
it is a newly built highway whose circulation is easy and fast, CASADIA presents a
system of severe security, and the access to CASADIAA is limited for the inhabitants
and their guests. CASADIAA is inhabited by a very high social category and very
demanding who have chosen to live in a residential complex of high standing. Since
Casablanca is a big city in a very important city, the smothered and polluted city
presents a very stressful life and a congestion of the car traffic. Moreover, the green
spaces present on Casablanca does not offer activities for all age categories. On
the other hand, the lack of security and the bad attendance presents an almost total
absence of the high social category. Given these living conditions, there were the
appearance of severalmodern residences inspired by theAmerican and SouthAfrican
cities where the richest chose to move away from the city and create their own places
and live in collective cities. very modern, on the outskirts of the city and away from
nuisance.

These important social class dwellers are looking for a quiet place away from
pollution and traffic jams. They are looking for a cool environment or green area,
quiet recreation areas, a place where they can do business safely, Knowing that
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the inhabitants have family relations or friendships. We will base ourselves in our
conception on this relationship to create interactive landscape spaces of relaxation
and entertainment where the inhabitants can meet and share good moments in all
safety.

5 The Park of the Casa Diaa Project

5.1 Landscape Analysis

The presence of a road/highway south of the project will be a source of nuisance to
residents. The nuisance caused by this highway could be reduced by the excessive
planting of the south side of the park. The roughness of the CASADIAA project
traces the boring and long distance circulation as schematically shown in Fig. 4. In
the park, the creation of a different circulation from that of the project could be tried.
It must be flexible and having an aspect of discovery.

The repetition of the villa element or grouping of villas can be boring and can
contribute to the loss of sense of direction in the project as we could see in the Fig. 5.
It can be remedied by the use of a variety of plants as well asmaterials and equipment.

The park extends throughout the project; it is linear. Access to the park should
be easy to access and close to all residents. Their location should be close to the car
parking spaces and ensure continuity with the project lanes as shown in the Fig. 6.

The studied site and its environment are a very judicious and strategic choice to
create a zone of modern houses. This area would be an attractive place to enjoy a real
quality of life in a very quiet and luxurious residence in the wilderness away from
the city and its pollution.

The observations and analyzes of the site are summarized in Table 1.

Fig. 4 Rigidity of forms
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Fig. 5 Repetition of forms

Fig. 6 Continuity between lines and future access

Table 1 Summary of the main findings and necessities of the site

Modern architectures of high standing Creating space of modern architectural form,
with the use of high quality materials to create
harmonical outdoor spaces and reflecting the
prestigious aspect of existing houses

Inhabited by a very high and too demanding
social category

Creation of interactive spaces that meet the
needs of security, calm and relaxation

Significant thermal amplitude, presence of frost
during winter, and a very hot and dry summer

Avoid the use of plants that fear frost and can
not withstand the drought and high
temperature of summer

Aclay-limestonesoil Avoid any acidophilic plant

The site presents an open and clear space Creating wind breezes to limit the strong
winds that will be detrimental to the new
vegetation and their aspects

The site is limited on one side by a highway Try to reduce the nuisance that can be caused
by this highway
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5.2 Needs and Objectives

CASADIA offers an exceptional lifestyle: high standard villas on one level that
provides an escape for its inhabitants while keeping a natural and friendly. It makes
them discover a sweetness of life and well-being where the harmony between the
different elements of the project is paramount.

Located south of the CASADIAA project, the park is conceived as an inclusive
sensitive destination. This is a space that will enrich the project through the contem-
porary design of the site and the variety of equipment and programs that will be
developed. The park is an integration into nature. It reinforces the character of the
area by landscaping green spaces that are home to cultural and sports and recreational
activities where the man can live enjoying the freedom and developing his skills as
well. Physical and intellectual property and this in complete safety. These activities
provide a refuge that balances mind and body. Mainly listed areas for relaxation and
lively and eventful spaces for entertainment.

This park will be designed keeping the contemporary spirit of the environment
while integrating the natural and dynamic aspect. This dynamism will be ensured
especially by the selected vegetation (shape, aspects, flowering periods, colors…) as
well as by the change of colors of the leaves with the seasons. For this, a plant palette
was chosen to adapt to the natural conditions of the site. It includes a good selection
of grasses, flowering trees and shrubs and perennials. Thanks to the beauty of the
inflorescences and their light, graceful and relaxed general appearance, the grasses
form a real moving sea of vegetation, with many changing reflections depending on
thewind and the light. They combine verywell with all the perennials and roses. They
will put each other in value in order to balance the general aspect of the massifs. The
use of trees in many aspects and forms, will add on the one hand dynamism thanks to
the rustling of the wind in its foliage, and on the other hand increase the dynamism to
our park thanks to the flowering of trees and shrubs with flowers, especially during
the flowering periods that will be triggered by the seasons. The wind and its action on
the vegetation is not the only element capable of giving movement to the park. The
water also holds an important place in different aspects. The park will be designed
natural, contemporary, diverse and dynamic. The result is a comprehensive concept
plan that supports a variety of equipment and activities for all ages and user groups
and creates a dynamic focal point for the neighborhoodwith the following objectives:

Fluid Accessibility: A park accessible to all people and all ages throughout the
site. Park features should respond to all universal accessibility standards including
path, transfer height requirements, and signage and other directional strategies that
will respond to the needs of people with physical and visual impairments.

Sense of place: A strong sense of belonging that reflects the distinct character of
the region. Shapes and materials should contribute to strengthening the identity and
heritage of the community while preserving existing vegetation in new landscape
improvements.
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Fig. 7 The concept plan of the park

Secure landscaping:A safe and comfortable public space for all ages and abilities.
Safety principles and techniques should be incorporated throughout the design to
achieve secure urban spaces.

Sustainability Initiatives: A site that demonstrates a commitment to environ-
mental concerns. Development initiatives must be integrated throughout the site and
must include strategies for achieving sustainable development.

Park of Various Activities: A park that can support a variety of educational
activities and community events. A variety of “soft” spaces in nature that can be
transformed to host events including various activities.

Group for Young People: A safe and welcoming environment that responds to
the needs of young people by providing specific facilities that are fun and enjoyable
to provide safe and healthy areas for sharing and socializing.

The result is a comprehensive concept plan that supports a variety of equipment
and activities for all ages and user groups and creates a dynamic focal point for the
neighborhood, presented in the following diagram of Fig. 7.

5.3 The Design of the Park

The park offers complimentary entertainment activities that respond to the needs of
all age groups. The park would be built in such a way that all residents can safely
practice their various activities.

A first part would be dedicated to physical activities and a second part would be
educational.
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5.3.1 Part I

In addition to gaming machines, this first part offers areas for adults to exercise
various sports and play activities which are represented in the Fig. 8.

• Playground for children

Movements and games determine the harmonious development of child. They are
inseparable from the capacities of discernment, emotional and social behavior. For
this purpose, attractive play spaces have been designed, safe and adapted to the needs
of children. Four areas defined the playground for children, climbing, swept, sand,
and living structure areas.

Moving from one age group to another, children’s abilities develop and their needs
change, so games must take these criteria into account.

Thus, the playground is designed naturally to develop the child’s sensitivity to
nature. On the one hand, the playground will be surrounded by an embankment that
must be at a slope less than 45 degrees, maintained by a wall of gabion used as
benches for rest. This embankment will be planted with grasses that will ensure the
dynamism and freedom of this space due to their light, graceful, relaxed appearance.
These grasses will be associated with Buddleia davidii as a backdrop, which is an
upright shrub whose long arched branches bear flowers in long, dark purple spikes in
summer. In turn, it will add to the space of dynamism due to the color of its fragrant
bloom and its characteristic of attracting butterflies.

Trees and shrub will hide the wall and forget the built-in limit of the project. They
will also play a vital role in marking the season by their flowering or changing the
colors of the leaves:

• Jacarandamimosifoliawith itsmauve-blue flowers that appear at the end of spring
and fall during the summer to form a beautiful, colorful carpet.

• Brugmansia appreciated for its sumptuous trumpet flowers. Often scented, will
give an exotic touch to space.

• Lagerstroemia indica, is a small tree with a great show, due to its beautiful flowers
in bright colors blooming in the heart of summer.

Fig. 8 Design of part I
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This selection of tree and shrub will increase children’s sensitivity to nature. The
children’s play area offers different possibilities to develop their flexibility (climbing
gear, balancing machines, etc.) on a soft floor that is made of EPDM to ensure
their safety against falls. It gives also free rein to their creativity with a sand space
and islands of Pennisetumrebrum, Miscanthussinensis, Strealitzeaagusta, and Phyl-
lostachysbambusoides which offer to the children a place to enrich their creativity
by passing on this island and will activate their senses of touch and which would be
a great place for hiding and seek games.

The play area will be planted by shade trees like Cassia nodosa, Celtisaustralis,
and Jacaranda mimosifolia that will provide shade and thus relax flower spaces for
parents.

To conclude, the transition between the areas of the playground is designed to
easy and flexible. For the turfed part, kikuyu was chosen as a turf species due to:
its resistance against settlements, its resistance to heat and extreme conditions of
drought and its maintenance is very simple, whichwill encourage children to practice
the games of roulade,… The Fig. 9 presents a 3D graphical representation of the
playground.

• The skate

The skate game is considered one of the most favorite sports by teens. In order to
allow fans of this extreme sport to enjoy it safely and prevent children from exercising
their talents on public roads and paths, skateboarding and skating trails have been
designed. To strengthen the safety of the practitioners of this sport, clearly visible
panels recommend wearing protective gear (helmet, knee pads, elbow pads, wrist
guards) must be placed on the edges. Thus a turfed area with a lively and shaded
ground by Brachichitonpopulenus and Grevillearobusta will present a relaxing area
for fans of the sport. A profile of this entity is presented in Fig. 10.

• Table tennis

Two tennis tables will be placed on a hard surface to prevent missteps as shown
on the profile below. Natural soils have a major disadvantage that can form cavities
that prevent players from evolving and that fill with water when it rains (Fig. 11).

Fig. 9 3D graphical representation of the Playground for children
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Fig. 10 The skate profile

Fig. 11 The table tennis Profile

The passage between these two tables will be provided by slabs placed on the
grass. Between these 2 tables, a Delonixregia will be planted in isolation that, due
to its crown that forms a spectacular parasol, is quite remarkable when its big red
flowers pair during the summer.

• Multiple sports fields

This part has been designed for multiple sports. There are mainly individual
playgrounds and communal playgrounds. The space has been subdivided to include
different activities such as mini-football, volleyball and basketball. These sports
fields offer people air spaces allowing them to practice their favorite sports in all
safety. International standards have been followed to give them the opportunity to be
entertained. These lands will be surrounded by trees and shrubs to promote shade,
reduce noise, and play a role as a windbreak. They will be placed in series with a
north–south exposure. Figure 12 presents a 3D sketch of the sports fields.

The different plants used in the field boundaries are as follows:

• For the football pitch:Malvaviscusarboreus, Lantana Camara, Grevillearobusta.
• For the basketball and volleyball court: Euphorbiacotinifolia, Durantarepens

gold, grevillearobusta.
• For the tennis court:Viburnum tinus, grevillearobusta.

• Mini GOLF and bowling

The game of mini golf, presented in Fig. 13, will be designed under the standards
(courses from 0.7 m to 1.2 m wide and 3.5–15 m long). To this fact, the layout of the
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Fig. 12 Multiple sports fields

Fig. 13 The Mini GOLF

courses will be different in terms of plant palette to create a theme specific to each
course. For the game of bowling, presented in Fig. 14, we designed 2 sand tracks of
dimension 15 m long and 4 m wide shelter by Catalpa bignonioïdes shading trees.
These precision games have been designed at the end of the park to allow fans to
practice in a quiet and soft space.

• Trails

The park trail is one of the most desired facilities; it is designed flexible all along
the park to give a natural look and a sense of discovery for the site. It is a circuit
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Fig. 14 The Bowling

to run, walk, and use the bike. Also, there is a proposal for some equipment for the
physical movements.

The entire trail must be universally accessible in terms of quality. It will consist
of a stabilized soil of very good quality in terms of landscape integration and will be
delimited by type P2 border. Its use brings a natural connotation to the site as well
as a satisfactory comfort for pedestrians and cyclists.

Resting areas are designed along the park’s trail edges which are characterized by
completely wooden benches or benches constituting gabion. Fitness stations should
be provided along park trails creating a “fitness loop” function for the site. Figures 15
and 16 show the resting area and the fitness station.

5.3.2 Part II

To reinforce our concept of “the naturalness, movement and dynamism” of our park
we have used in the left part of the park, presented in the Fig. 17, another element
of nature that is ‘water’. Indeed, water plays an important role in our park; it comes
in addition to the action of the wind on the vegetation by water games, streams with
jets, and the discreet flow of a fountain.

• Aquatic playground
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Fig. 15 Resting area

Fig. 16 Fitness station
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Fig. 17 The second part plan

These aquatic playgrounds, complementary to the playgrounds on the right side
of the park, are designed to entertain children and adults alike while refreshing them.
They are also places of discovery, meeting and fun that do not require monitoring.

These “dry wading pools”, without anywater storage, are new points of attraction,
that,with play areas adapted to different age groups and peoplewith reducedmobility,
are real attractions. These games are likely to significantly increase the reputation
of the place and therefore its attendance. The space will be surrounded by Syagrus
romanz offiana an extraordinary palm tree that has many assets: ringed gray trunk,
rapid growth, feathery appearance very exotic by its foliage and good resistance to
drought and wind. It will give space a charm beach. At the foot of these palm we
plant the Forium tenax characterized by its trendy and natural side. We will associate
it with grasses, bamboo, and yuccas giving the space a design and contemporary
atmosphere.

• Café- restaurant

Just next to the water playground we designed a café-restaurant area that we can
see in Fig. 18. It is a friendly place: Atmosphere tastefully retro inside, very pleasant
terrace on sunny days in a charming place where families can enjoy family or friends
moments. Surrounded by a jet stream, this relaxing meeting place allows parents to
control their children while playing, safely. This space is equipped with a shaded
structure of parasols surrounded by a stream. A large terrace equipped with stretched
canvas offering residents a warm atmosphere.

The transition between the different parts of space is ensured by wooden bridges
which are presented in Fig. 19.

• Andalusian garden

The garden is characterized by a regular and symmetrical style, using the straight
line and the right angle. It is in the form of an elongated rectangle. In order to reduce
this roughness, soft and undulating paths have been designed around this garden.
The entrance to the Andalusian garden is well marked by two olive trees planted in
isolation on a lawn that would give the entrance a lush appearance as well as nobility
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Fig. 18 The restaurant

Fig. 19 The restaurant and its wooden bridges

and wealth. This garden reserves a very frank circulation in the sense of a principal
axis guided by a watercourse and intersected by 4 secondary vistas which divide it
into four parts as shown in Fig. 20.

The first part of the Andalusian garden has been designed as an arboretum that
would present an educational space by the presence of a large variety of trees that
summarize the species used in our park. On the other hand it would present a place
for picnicking and relaxation due to the shade provided by these trees and the picnic
tables installed.

Crossing this part, an alignment ofAlbizia embellished the path due to its abundant
summer bloom and its spreading, very elegant. At the foot of theAlbizia an alignment
of agapanthus with its beautiful ornamental foliage and a blooming blue bloom that
will add color and freshness in the middle. The harmony between these plants and
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Fig. 20 The Andalusian garden

the water will give the space a contemporary and natural touch. Arriving at the center
of the garden, an open square circular centered by a fountain creates an atmosphere
of freshness and dynamism, and surrounded by Jacaranda that will strengthen the
rounded shape of the square. Wooden pergolas will be covered by climbing plants
like the wisteria, with spectacular blooms, in the form of hanging clusters with an
infinity of elegance and delicately scented. The freshness provided by this space due
to the surrounding vegetation, and the discreet song of the fountain would present
the relaxing place for inhabitants during the day as well as during the night due to
the mood lighting designed for this space. The third part is designed primarily by
a lemon and orange orchards that soften the air due to the scent of their flowers
and their fruit, and secondly by a kitchen garden and aromatic that will enhance
the natural appearance of the park. This garden will, on the one hand, increase the
dynamism and strengthen the natural aspect by the diversity of cultures and colors
of their leaves, and on the other hand, this space will promote exchanges between
neighbors through social, cultural or educational activities.

After having walked through this garden where the profusion of colors and smells
of plants reign under bright bursts, white colonnades completely enveloped by
climbing roses will be implanted at the edge of the end of aisles will trigger the
beginning of romantic space.

• The rose garden

The rose garden was designed as a labyrinth where we will plant several species
of roses, such as Rosa ‘Aloha’, ROSA ‘DAMASCENA’, Rosa ‘Snow Fairy’, Rosa
‘fortunakordes’, Rosa’ lupokordes’ Rosa ‘memory kordes’, Rosa ‘rugosa’, Rosa
‘rotiliakordes’, this space will give the park a natural touch and will increase the
dynamism of the park by the diversity of colors of the flowers. Red synonymous
with life and gaiety and love; the white, symbol of purity, reflects the light, the
yellow recalls the color of the sun, the light and makes think of the joy. This space
will invite the inhabitants to activate their senses of touch and feel (Fig. 21).

• Event space-cultural activity
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Fig. 21 The rose garden

Fig. 22 Event space

This open and green space is designed for informal gatherings, major events of the
inhabitants and cultural activities such as reading, music, theater, dance in a natural
setting, for whichwe have designed a center that will welcome the inhabitants Cartier
for the practice of these activities. Figure 22 shows the look of this entity.

5.4 The Park: An Added Value

As outdoor spaces are particularly rare in the center of the metropolis, it is of course
there that they are most sought after where there is a substitute market, for lack of
a sufficient supply of townhouses. Energy performance has become a real asset for
the valuation and sale of real estate. Housing tells you all you need to know about
the emergence of the “green value” which refers to the variation of its value (price
or rent) related to its environmental performance. The presence of green spaces and
natural sites near the property is also increasingly sought after by buyers. In more
than 40% of cases, public green spaces around real estate allow homeowners to set
a higher sale price or rent for similar properties, but more away from the greenery.

Note that if this landscaping is carried out professionally, the return rate generated
is higher than the other improvement projects that can take place in or around the



Green Spaces for Residential Projects as a Commitment … 207

house: its value of recovery of investment can rise at 100 or even 200%. This means
that when reselling his property, the owner can hope to recover all the money that
he has invested in his development. In comparison, we can observe a recovery rate
much less interesting for a kitchen renovated from 75 to 125%. The rate is even lower
for the repair of the bathroom, 20 to 120% and the installation of a pool can recover
only 20–50% of the investment.

Also, investing in the outdoor spaces of your garden can also increase its value
over time through the growth of young shrubs and new plantations that will continue
to mature and beautify the property. Thus, the design and development of the CASA-
DIAA project park will surely increase the value of the project and will present an
attractive element that will undoubtedly facilitate the sale of villas but also become
an ecologically sound model.

6 Conclusions

Today’s context, triply marked by economic globalization, socio-technological
changes and ideological and political uncertainties, poses new challenges for devel-
oping countries. Local governance consists of a set of institutions and mechanisms.
Processes that allow citizens and citizens’ groups to express their interests and needs,
to settle their differences and to exercise their rights and obligations at the local level.

Today, we talk about attractiveness and competitiveness of territories, territorial
anchoring of companies, industrial districts, territorial projects, etc.….However, the
question is no longer simply to initiate local projects, but to ensure that synergies
are created between the actors and accelerate the local dynamics observed in terri-
tories that remain to be built. What is the real contribution of these projects to the
problem-solving at the local, regional and national levels? How to act effectively and
accelerate the dynamics of growth and development? In other words, how to move
from localized action to a territorial approach to development problems? These are
the questions facing Morocco today regarding local development.

7 Recommendations

1. Create a new label: the “urban and landscape soils” thatwill recognize the quality
of “urban and landscape terroir” in the periurban areas in which, the communes,
departments, regions, and the state wish to carry out voluntary, concerted and
contractual action. This label would be concretized by:

• the signing of a charter applicable to a territory;
• the definition of social, urban and agricultural objectives to respect tomanage

the space and requalify it when it is degraded;
• the mobilization of cross-financing State-local authorities.
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2. Develop the land policies of local authorities by:

• -Including an agricultural and landscaping component in city contracts, in
order to treat peri-urban space as a heritage and dynamic component of the
city;

• -Reconsidering the question of property assessments, in particular to enable
municipalities to purchase l and if they sowish and facilitate themaintenance
of agriculture;

3. Create regional environmental public institutions

These agencies would ensure the protection of peri-urban green and
agricultural areas under;
Allocate them a share of the proceeds of the departmental tax of sensitive
natural areas.
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The Environment and Sustainable
Development in Front
of the Artificialisation of the Coastlines:
Coasts of Tunisia, Morocco and Algeria

O. Ben Attia, F. Fersi, and H. Rejab

Abstract Throughout the world, the advent of mass tourism and, in particular,
seaside tourismhas led to significant economic and demographic growth. This growth
was most often followed by urban sprawl along the coasts, resulting in dramatic
changes in their landscapes. These transformations were essentially an artificiali-
sation of the coasts and the emergence of a barrier between the littoral space and
the hinterland. Tunisia, and in particular the Sahelian region, have not escaped this
phenomenon, and since the emergence of this economic sector in the early years of
independence, there has been a simultaneous coastal and was confined in a narrow
ribbon along the beaches thus turning its back to the hinterland. Moreover, in addi-
tion to the profound transformations that this urban continuum has produced on the
coastal landscapes of this region, it has had other negative repercussions. This is due
to its high consumption of spaces, particularly in vulnerable sites, its disturbance
in the exploitation of natural resources (water pollution, access to water, reduction
of local natural biodiversity, reduction of the coastal agricultural area, reduction of
the beach surface, etc.) and its socio-cultural impact through the marginalization of
countryside. This impact of coastal artificialisation, notably on the environment and
sustainable development is found not only in the Sahelian region of Tunisia but also
in several countries of the Mediterranean basin, such as: Morocco, where tourist and
resort urbanization has taken place in the form of a ribbon along the beaches and on
former coastal agricultural land, and Algeria, where a diffuse urbanization generated
in particular by themost widespread form of dwelling which is the form of individual
dwelling, has invaded coastlines such as those of the city of Oran.
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1 Introduction

The Middle East and North Africa (MENA) are two regions whose major cities are
among the most populated areas of the world. This settlement has resulted in a very
significant urban expansion, especially with regard to the Mediterranean cities, such
as Tunisia, Algeria and Morocco, which suffer from the same principle problem
which is the development of a disproportionate urbanization of the coast. This devel-
opment ismainly due to the tourist infrastructures which is generally settled on arable
land often with high potential.

This over-exploitation of the coastline leads to often irreversible consequences
such as:

• The deterioration of biodiversity;
• The deterioration of landscapes;
• The deterioration of wetlands;
• The deterioration of the ecosystem …etc.

This development of coastal tourism infrastructure has therefore not been made
for the sake of sustainability, given that we have noticed that, in recent decades,
tourism has been turning more and more towards new concepts. We are no longer
talking about seaside tourism alone (this concept is the main reason for the coastal
polarization of tourist infrastructures) but also about other concepts among them
cultural tourism, green tourism and agritourism.

Tunisia has important potentials that could be essential in promoting these new
concepts. Among these potentials: coastal agriculture. Indeed, the Sahel region is
characterized not only by its tourism but also by its agriculture located on the seafront
andwhich is entirely productive. This agriculture could play, in addition to its primary
function of food production, other functions that can be assets for the promotion of
tourism respectful of the environment and perfectly in agreement with sustainable
development of the region. This agriculture is special because of its layout in relation
to the sea and the landscapes that it forms in this region. It could become an integral
part of the development of this region but not a land reserve. It could be also one
of the links in the chain that would lead to environmental protection and sustainable
development of this region.

2 Materials and Methods

2.1 Location of the Study Site

The Sahel region, the subject of our study, is substantially formed by the hinterland
of the old cities of Sousse, Monastir and Mahdia. It is not only a natural region, but it
is also and above all a region that owes its originality to its traditional shrub-growing
economy and its habitat of villages and densely agglomerated villages. The latters
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Fig. 1 The Sahelian cities
[1]. Looking at this map, we
can see that the further we
get from the coast, the larger
the size of the cities, the
coastal towns are represented
by the dark greycolor, while
the backcountry towns are
represented by the light grey
color

have, as shown in the following map, a territory which becomes more important as
we get further from the coast [1] (Fig. 1).

2.2 Agri-Landscape Analysis Parameters

This study work was essentially done in two stages. At first, we began with a biblio-
graphic, iconographic and cartographic analysis that allowed us to understand both
the spatiotemporal evolution of the region, to evaluate the degree of spatial trans-
formation that it knew and to estimate the impact of urban growth on the ecology
of itsenvironment. Secondly, we carried out an analysis of the bibliographic corpus
relating to the evolution of the urban and peri-urban territories in some of the cities
of the MENA and, essentially, in the littoral regions of Morocco and Algeria.

3 Results and Discussion

3.1 The Tunisian Sahel: An Essentially Rural Territory

Until the early years of Independence, the traditional economy of the Sahel region
was mainly based on agriculture and, in particular, olive growing, livestock farming
and vegetable crops. This was also the case for all of Tunisia, which had just emerged
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fromdecades of colonialism. Thus, at that time, the coastal landscapes of the Sahelian
region, in general, and the Sousse region, in particular, were formed, essentially, as
the following figures show, by a succession of traditional vegetable crops plots (called
chatts) and olive groves. The latter were particular and occupied most of the fertile
coastal lands of the region [1] (Figs. 2 and 3).

However, this agricultural sector was in decline with an ageingOlivette and a
traditional market gardening uncompetitive. The first government of independent
Tunisia in 1962 undertook to modernize it in order to combat, in particular, the
unemployment that was raging in the region. This modernizationwas accompanied
by the setting up of several irrigated public perimeters for the production of mainly

Fig. 2 The agricultural footprint of the ancient surroundings of the Sidi El Kantaoui marabout.
This old photo shows the ancient surroundings of the Sidi El Kantaoui marabout, in the town of
HammamSousse, under the city of Sousse. The observation of these photos shows us the agricultural
footprint in this littoral zone. Indeed, vegetable gardens stretched all along the coastal fringe and
were followed by olive groves. Urbanization was almost absent, and agriculture seemed to spread
throughout the country [1]

Fig. 3 Section of the sea to the plateau level of the coast of the town of Hammam Sousse. This
section, which presents the area of Sidi El Kantaoui before the development of the marina, tells us
about the land cover at that time. In fact, according to this section, the border dune was followed
by traditional vegetable gardening followed by olive groves. This provision was that of most of the
coastal agricultural parcels of the Sahelian region [1]
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early and late season vegetable crops. The setting up of these perimeters began with
the construction of the Nebhana dam, located in the Kairouan region, which allows
the mobilization of water needed for irrigation. The canal, which carries this water,
passes essentially, as the following map shows, by the coastal towns. The choice of
this route is that of the fertility of coastal lands, the favorable climate for off-season
vegetable crops and the technical skills of farmers in this region. [2] (Fig. 4).

Fig. 4 Map of the land occupation of the Sahel region, 1981 [1]. This map of 1981 shows the
predominance of olive plantations, which corresponds to dark green colored spaces, in the Sahelian
region. This culture is the most important of the coastal fringe where it is often located behind
the irrigated perimeters, the colored spaces in light green, which are maintained mainly on the sea
front. The canal carrying the water of the dam of theWadiNebhana passes through the littoral zones.
Cereal farming, livestock farming and fruit growing are mainly located in the hinterland
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The establishment of this perimeter competed with traditional plots that could not
compete with their traditional crops based on irrigation from surface wells. From this
period, the latter experienced a decline in production competing with intensive crops.
On the other hand, this marginalization of traditional cultures hasbeen accentuated
by the development of secondary and tertiary sectors and, essentially, the tourism
sector which has allowed the creation of new jobs and the revival of others. From the
beginning, this area was installed on the waterfront lands in response to a demand
for seaside tourism. The development of this sector was preceded by the opening, in
1968, of the Dkhila-Monastir International Airport which would allow the transport
of tourists to these regions. Thus this tourist activity has been at the base of coastalur-
banization that has often settled on fertile farmland, old orchards andmarket gardens.
This trendwas accentuatedwith the creation of the seaside resort of PortEl Kantaoui,
in 1979, with a view to diversification and development of tourism. This station was
built on the site of Sidi El Kantaoui in the city of Hammam Sousse, a site that was,
as we saw earlier, deeply rural. Indeed, the installation of this station was made on
320 ha of farmland largely private [3]. Thus, from this period, traditional agriculture
will increasingly give way to urbanization and we will witness an overexploitation
of the coastline, which will not be without consequences.

3.2 The City of Sousse: A Linear Development
and Marginalization of the Hinterland

From the second half of the twentieth century, the world has experienced significant
economic development that has led to the development of leisure activities and, in
particular, mass tourism mainly in its seaside appearance. The main consequence of
this development was a significant demographic and economic growth in the coastal
towns, which mainly resulted in a strong urban sprawl, which most often took place
on agricultural land and therefore on fertile land.. This urban sprawl has led to often
dramatic changes in coastal landscapes. This state of affairs has not spared Tunisia
whose urban growth has generated, particularly in the case of the Sahelian coast,
changes in the coastal landscapes that followed, as we have seen, two essential
periods of the development of this region. It is the first followed the modernization
of the agricultural sector and the intensification of vegetable crops, and the second,
which had the greatest impact, followed the development of the tourism sector in the
region.

The study of this region has shown us the spectacular transformations that it has
experienced during the last fifty years since it has gone from an agricultural region
to one of the most important tourist centers in Tunisia. Indeed, the city of Sousse
has always been one of the most important cities of Tunisia and it is considered
the capital of the Center-East of the country because of its geographical situation.
Its core, like the majority of Tunisian coastal cities, was built, as shown by the
following ancient map, around the port which has continuously allowed a significant
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commercial activity. From this core, the city has developed along its coasts and
mainly to the North East but initially, with a certain withdrawal from the sea (Fig. 5).

Indeed, the tourism sector has spawned significant spatial transformations that are
taking the landscape of this region, as the following maps show, from predominantly
rural landscapes to deeply urban landscapes. Tourist urbanization stretches along a
narrow ribbon that forms a screen between the sea and the hinterland (Fig. 6).

This peculiar form of agriculture called chatts, or even ouljas, which occupied the
entire northern coast of Sousse, and which constituted a green and open area of the
littoral of the region, is ignored today by the public authorities as it is shown in the
next map is enclosed in residual spaces inside the urbanization (Figs. 7 and 8).

Fig. 5 Map of the city of Sousse from 1928 [1]. As this map shows, the urbanization of the city
of Sousse in 1928 revolved around the port and stretched along axes parallel to the coast. Urban
development has essentially followed the direction of the north-east coasts of the city on which the
new tourist area has been established
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Fig. 6 The city of Hammam Sousse, north-east of Sousse, in 1958 and 1994 [1]. As the first map of
1958 shows, the coastal fringe consisted of chatts that covered most of the space. Urbanization was
set back from the sea, on the other hand, on the secondmap of 1994, we see that coastal urbanization
has become large and dense, olive groves have become diffuse and in the form of tasks and the
chatts have almost gone
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Fig. 7 Regression of ouljas in the northeastern region of Sousse (2010) [1]. While until the 1970s,
they were along the entire coast of the Sahel region, ouljas (or chatts) occupy today only a few
residual areas enclosed between urbanization

Fig. 8 The Hammam Sousse Chatt, Tunisia. [1]. The chattsare located at a distance of ten meters
from the sea. They are delimited in relation to the latter by a dune edge consolidated by herbaceous
plants. This dune edge also plays the role of the windbreak. In these plots, divided into crop
rectangles, are planted several kinds of vegetable crops. It is ancient agriculture that often continues
to use traditional farming methods

The particularity of these chatts was their proximity to the sea, their presence
and maintenance within the urbanization itself, their mode of exploitation and the
strategies used by their farmers

This form of traditional agriculture is considered, as can be seen on the following
map, as a land reserve for tourismand resort townplanning [1].AsEzzeddineHouimli
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emphasizes in his thesis, “this agriculture, now in decline as a result of seaside town
planning, was mentioned as vegetable gardens on the topographic map of 1958. It is
no longer on the topographic map of 1994 while the 1996 aerial photos, combined
with the field observation, show the permanence of part of this agriculture currently
(in 2006)” [4] (Fig. 9).

Fig. 9 Extract of the development plan of the city of Hammam Sousse in the late 2000s [1]. This
development plan carried out by the Municipality of Hammam Sousse shows us that the municipal
authorities consider these traditional waterfront vegetable parcels as a land reserve for tourism. The
whole area has been reserved for a tourist destination
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3.3 A Tourism Sector that Consumes Large Amounts
of Space

Thus, thanks to its geographical situation, its greatmaritime opening, its long beaches
of fine sand, the Sahel was one of the fiefs of the development of the tourism sector in
Tunisia which was necessarily based on the seaside practices which resulted in a very
important coastal polarization. The Sahel then passed from a country that seemed
to turn its back to the sea to a coast that seems to turn its back to the hinterland (as
shown in the following figure) leading to dramatic changes in the shoreline (Fig. 10).

Indeed, as we saw earlier, as soon as it was set up in the region of Sousse, tourist
activity settled, as shown in the following map, on the coastal fringe, leaving the
hinterland for Classic residential areas and agriculture. The majority of the hotels
are located on the littoral zone forming a screen between the sea and the rest of the
country (Fig. 11).

Also, the construction of the seaside resort of El Kantaoui port was at the origin
of coastalurbanization which stretches on both sides of this station. This coastal
urbanization was established on the chatts [1], in addition to their economic, social
and landscape functions, played an ecological role in the preservation of the coast-
line: they contributed “to the balance of environments particularly sensitive to
climate change erosion and pollution” (PAP/RAC 2005). It has been stretched, as
the following map shows, in a linear fashion essentially on both sides of the Hergla-
Sousse tourist route and, mainly, in the area between this road and the sea. Thus,
“the tourist-oriented urbanization of the seafront by an almost continuous chain of
hotels and sub-hotel facilities has been a driving force in theurbanization processes

Fig. 10 Urban planning of the coasts of the region of Sousse [1]. This figure assigns a color code
to each of the three existing spaces: the first, delimited by a blue line corresponds to the sea, as to
the red, it sets the limits of the space invested by the hotel sector and, finally, the grip of the olive
groves originates from the green line. The observation of this figure, located north of the Marina El
Kantaoui, shows us that tourism urbanism is maintained on a linear fringe turning the back to the
olive groves
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Fig. 11 The development plan of the city of Sousse in the early 1980s [1]. This development plan
of the city of Sousse in the early 1980s shows that the coastal fringe is exclusively reserved for
the development of the tourist area. The latter is limited by the Hergla Sousse tourist route. Classic
residential urbanizationis relegated to the hinterland. It is separated from the sea by the tourist zone

of the northern suburbs of Sousse and the eastern suburbs of Hammam Sousse (El
Menchia)” [5] (Fig. 12).

Also, this tourist urbanization has been at the base of the expansion of resort
urbanization that has developed, often anarchically, on the coasts of the municipality
ofAkouda. It ismainlymade up of villas and apartment buildings dedicated to coastal
resorts and located, without prior planning, according to the availability of land [6].
This holiday resort was set up both on traditional waterfront vegetable parcels and
on market gardens that were part of the public irrigated perimeter of Chott Meriem,
hence [1]:

• By settling on these parcels of the irrigated public perimeter, this urbanizationwas
installed on a project that required significant investments and major implementa-
tionwork carried out by the State. According to the 1983 Farmland ProtectionAct,
these lands fall into the blackout zone category. However, the spread of urban-
ization in this area is achieved with the consent of “local officials such as the
Omda”, the latter is the head of the smallest territorial subdivision on the scale of
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Fig. 12 Summarymap of the northeastern region of Sousse [1].While the urban cores are relatively
behind the sea, resort areas and seaside tourism are located on the coastline resulting in a regression
of farmland and their retreat to the hinterland

the delegation, which in turn, is an administrative subdivision of the governorate
[4];

• In parallel with the irrigated public perimeter, urbanizationwas mainly based on
the chatts along the coast of Akouda commune. The urbanization of these plots
is the consequence of the lack of interest of local authorities in this traditional
agriculture. This lack of interest materialized, in particular, by the introduction of
these zones into the development plan as a tourist zone. This was also the case
of the few chatts that persist in the coastal area of Hammam Sousse and that the
municipal authorities consider as developed space which was introduced, as we
saw earlier, in the development plan of the city of Hammam Sousse as a tourist
area.

The result of this coastal urbanization is, as the following maps show, an artifi-
cialization of the coastal fringe Sousse Akouda: the chatts of this zone have been
replaced by a tourist urbanization organized next to an urbanization of resort often
anarchic particularly in this which concerns the coastal fringe of the commune of
Akouda [1]. Moreover, as we will see in what follows, this coastal polarization has
had a lot of negative repercussions on the environmental balance of this area (Fig. 13).
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Fig. 13 Comparison between land use maps of the Akouda littoral fringe from 2006 to 2016 [1].
These two maps show us urbanization that continues to invest the agricultural area of the coastal
area of Akouda commune

3.4 An Artificialisation of the Coasts and Its Environmental
Impact

Indeed, the tourism sector is certainly the source of an indisputable contribution to the
national economy but, at the same time, it has negative repercussions on landscape
and environmental and socio-cultural plans. In fact, besides the consumption of
spaces, particularly in vulnerable sites, such as the coast, the activity in question often
causes disturbances in the exploitation of natural resources: water pollution, access
to water, reduction of local natural biodiversity, coastal agricultural area, etc. [1].
Thus, from the first years of the implementation of this sector, several consequences
were raised [2], which we quote (Figs. 14 and 15):

• A tourist location both coastal and linear to meet the needs of seaside tourism.
This location has resulted, as we have seen previously, in the urban sprawl of
the city of Sousse along the north-east coast several kilometers long and a few
hundred meters wide. This urbanization is dense and compact, as shown in the
following figure, and consumes large spaces, especially agricultural;

• A clear improvement of infrastructures and urban equipment: roads, post office,
sanitation network, commerce, artistic crafts, travel agencies, car rental agencies,
banks, restaurants, …;
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Fig. 14 Panoramic view of the coastal fringe of Chott Meriem [1]. The construction of the seaside
resort of El Kantaoui was at the base of the development of a compact and dense coastal resort on
the coastal fringe of Chott Meriem

Fig. 15 The decrease in beach surface south of Port El Kantaoui. [1]. As this picture shows,
the holiday resort located south of Port El Kantaoui settled directly on the maritime coastal area
(DPM), destroying the dune edge and resulting in the reduction of beaches that, in some places,
have completely disappeared

• The creation of direct and indirect jobs which has contributed to the reduction of
the unemployment that the region knew until the first years of the Independence,
the elevation of the standard of living in the region and the reinforcement of the
weight of the non-agricultural activities in the economy of the region;

• The acceleration of coastal erosion, as shown in the following figure, due, on the
one hand, to the occupations of the seafront by tourist and resort urbanization
and, on the other hand, to the destruction of the dune for the construction of the
tourist route and the hotel infrastructures;

• The rejection of swimming pool waters degrading spontaneous plantations on the
beach, which play an essential role in fixing the latter;

• The privatization of beaches by hotel units that block access to the inhabitants of
the region;
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• The installation of hotel infrastructures on agricultural land containing a large
number of olive trees and traditional vegetable garden plots based on the
exploitation of surface wells of the groundwater (ouljas);

• The expropriation for public purposes of certain parcels to their owners who did
not want to sell their land for tourism;

• The competition with agriculture irrigated perimeters in the water consumption
of the dam of the wadi Nebhana, etc.

Thus, the tourism sector of the Sahel regionwas therefore basedmainly on seaside
practice, which has led, as we have seen previously, to significant coastal urbaniza-
tion. However, with the new concepts of sustainable tourism, especially those relating
to the protection of the environment, new concepts related to the tourism sector have
emerged, including agritourism, which is beginning to develop more and more in
Tunisia. It is in this sense that, in this region of the Tunisian Sahel, while for several
decades, tourism turned its back to the hinterland, today; with the interest that some
tourists seem to bring to the agricultural area, it uses the latter for the development of
some of its infrastructures. However, due to its peculiarities, Sahelian coastal agricul-
ture could play a major role in diversifying the tourism offer by becoming multifunc-
tional, that is to say, not only productive of food products, but also landscaping and
environmental services to tourists and residents by enhancing the landscape of this
region. Notwithstanding its potentialities, the Sahelian agricultural area continues to
be exploited by the tourism sector, either as a framework, or as support or subject of
new activities that it offers to its customers in order to diversify its activities.

However, this artificialisation of the coastlines by the spread of urbanization
through the agricultural area is not the only fact of Tunisia. This is also the case
in Morocco, where resort urbanization spreads across agricultural land, and from
Algeria where urban sprawl is at the expense of agriculture.

3.5 The Sprawl of Moroccan Coasts

The phenomenon observed in the coastal plain of Ksar Sghir, in northern Morocco,
was a sprawl of agricultural land. In fact, at the end of the harvest, the farmers
rented their plots to the campers to whom they sold well water and fresh vegetables.
This phenomenon has evolved with the arrival of urban speculators who encourage
farmers to sell their plots. This is how anarchic second homes have emerged at the
expense of cultivated land. At the same time, a development plan plans to install a
secondary residence station in this region, which has led to a conversion of lands
into social wastelands. [7] (Fig. 16).

Also, the coastal area of Oued Laou in northern Morocco has, for its part, been
more or less marginalizedin terms of tourism investment. This area is made up of
valleys opening on the sea by plains where the inhabitants lived of an irrigated
agriculture and national tourism which took importance from year to year with the
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Fig. 16 Ksar Sghir (Northern Morocco), a coastalurbanization within former agricultural plots
[1]. These two photos show us both a resort that settles on old agricultural parcels and agricultural
parcels that are converted into wasteland waiting to be urbanized thus inducing profound changes
in the landscapes of this farming village in the North Moroccan

development of anarchic urbanization to the detriment of agricultural land and, in
particular, the irrigated area [7] (Fig. 17).

Thus the question of the preservation of agricultural land, located near the urban-
ization front, has certainly been identified by the public authorities in Morocco,
whether national or local, but it is not a primary concern of public action, which, for
its part, is more focused on economic development and housing, [8], it is also the
case, as we will see, of Algeria.

Fig. 17 Oued-Laou: an important coastal resort located in the heart of an irrigated perimeter [1].
In this photo, we observe coastalurbanization that has settled on land that was irrigated agriculture.
This urbanization seems to form a narrow ribbon along the beach. At the rear of this urbanization,
land, which seems to be old agricultural parcels, are left undeveloped while waiting to be urbanized.
In addition, we can see in this picture two sets of dwellings: the first, on the right, seems anarchic
while the second set, located in the center of the photo, seems to us more organized bearing the
imprint of the real estate developers but also installing on old agricultural parcels
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Fig. 18 The sight of the sky of the city of Oran in Algeria [1]. This photo shows us the importance
of the urbanization of the city of Oran, diffuseurbanization, which favors the form of individual
housing and is therefore much more space-consuming

3.6 Algeria: Development of Cities on Their Coastal Areas

According to Fafa Rebouha, the city of Oran in northern Algeria is expanding by
ignoring its agricultural heritage whose architecture and landscapes remain coveted
by urban dwellers in search of individual homes. Thus, the growth of urban units and
large urban complexes adjoins the rural area, which becomes the reception area for
inhabitants seeking housing and whose agricultural element has become a minority.
Indeed, and still according to the same author, the peri-urbanization of the city of
Oran was made on the field of individual and collective farms, projects designed for
rural areas aim to densify these areas by bringing a population looking for cheaper
housing. Also, the ambition of a real estate, offer for more compact housing and
subdivision forms less space consuming andmore in linewith the needs of sustainable
development is not yet reached in the urbanization of Algerian cities. Thus, the
search for a single-family home has accelerated migration to rural communities:
those located on the border of the city of Oran register a significant increase in their
population given the proliferation of housing programs that are prioritized by the
disappearance of the agricultural sector, since these rural communes bordering the
city of Oran benefit from a land use plan that allows this disappearance of agricultural
land [9] (Fig. 18).

4 Conclusion

Thus, the coasts of the Sahelian Tunisian region have undergone spectacular trans-
formations throughout the decades that followed the independence of the country.
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Indeed, from an open green space, they have become the capital of tourist and resort
urbanization. These transformations have not been without consequences including
social, landscape and environmental. Indeed, the installation of this urbanization has
led to an artificialization of the coast; a barrier seems to have been erected between
the coast and the hinterland. This barrier, formed by a narrow cordon of urbanization,
has relegated coastal agriculture to the hinterland and has also given rise to a form of
social segregation since most of the coastal territory has been invested by the tourist
sector which privatizes the beaches.

Also, this artificialisation has led to profound changes in the coastal landscapes
of this region, since they have moved from predominantly rural landscapes to deeply
urban landscapes in the space of a few decades. All these transformations have not
been without environmental consequences. The precarious balance of this portion
of the territory has been weakened by the large consumption of space of tourist
and resort urbanization and by the acceleration of coastal erosion, mainly due to: the
location of the urbanization in front of the sea, the destruction of the coastal dune, the
degradation of spontaneous plantations by the discharge of swimming-pool water,
etc.

However, until the end of the 1970s, coastal and traditional agriculture occupied
most of this territory and, in addition to its social and landscape functions provided an
environmental balance for this fragile area. Of this coastal and traditional agriculture
(the chatts or ouljas) there remains, to the present day, only some plots witnesses
of formerly rural territory. These plots could play a key role in the development
of sustainable, environmentally respectful tourism. Indeed, this particular and rare
form of agriculture could be considered as an agricultural heritage and introduced
as a territorial component in the development of the city of Hammam Sousse.

However, this state of affairs is not specific to Tunisia, in general, and to its
Sahelian region, in particular. Indeed, the urbanization of the coastlines and its social,
landscape and environmental impacts are a phenomenon that affects the majority of
countries in the Middle East and North Africa and, in particular, Morocco where
coastal farmland is giving way to tourist urbanization. And often anarchic resort and,
Algeria, where diffuseurbanization, made mainly of the form of individual habitat,
spreads on the coastlines of the city of Oran.

5 Recommendations

The tourism development of the Tunisian Sahel region has of course had major
repercussions on the economy of the region, which has become one of the most
important Tunisian tourist poles, but this has not been without consequences both
on the social level and ‘ecological. Indeed, this development has led to disruption of
the natural environment and a social mix which has triggered conflicts. However, as
we have seen previously, this territory is the capital of an urban agriculture which
can help to maintain nature in the city: “it thus increases environmental services and
therefore constitutes an important vector of resilience of cities” [10].
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In addition, today, tourism demand has evolved into other areas of interest. Indeed,
new concepts applied to the tourism industry have promoted its sustainability through
the development of “sustainable tourism” based, according to the World Tourism
Organization (WTM2005), on respect, preservation and the development of the envi-
ronmental, economic and socio-cultural aspects of the countries. Tunisian tourism,
in general, and Sahelian tourism in particular, must therefore define new directions
for its development.

It is therefore a question of halting the increasing densification of tourist areas and
alleviating the pressure exerted on several sites, including, in particular, the natural
and agricultural sites of the Sahelian coast. The latter are, moreover, the territory
of traditional coastal agriculture which should be protected and introduced as an
integral part of this new tourist offer, based on the multifunctionality of agriculture
and in accordance with the rules of sustainable development. Today, this new tourist
offer is in demand “for its ability to share cultural values and diversity, as well as to
make known and recognize natural and cultural heritages” [11].
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Practices for Sustainable Plant and Soil
Production



Sustainable Agriculture in Some Arab
Maghreb Countries (Morocco, Algeria,
Tunisia)

Messaouda Benabdelkader, R. Saifi, and H. Saifi

Abstract The Arab Maghreb countries (Morocco, Algeria and Tunisia) are located
in a fragile zone, in majority semi-arid or Saharan. One of the priorities of the
governments of these countries after their independence was the interest of the agri-
cultural sector to ensure their food. They have devoted their efforts to developing
laws, plans (PMV, PNDA and PDAR) and strategies to this end. However, policies
were not sufficient to achieve self-sufficiency. Land users were not as up to updates
of agricultural development. Using intensive agriculture, this has been accelerating
in recent years. Farmers have deeply plowed the land, causing the destruction of
the physical and chemical structure of the soil. They irrigated at random crops with
systems that save not water, resulting in water depletion, organic and mineral matter,
soil degradation and salinity in large areas. Through their excessive use of mineral
fertilizers and phytosanitary products, they have caused edaphic, atmospheric and
aquatic pollution, including contamination of soils, groundwater and surface water
by nitrates and phosphates; thus intoxication and cancerous diseases announced by
medical reports and university studies; not to mention the deforestation to carry out
certain agricultural or industrial activities, by eliminating the biodiversity of the flora
and the fauna, causing a climate change and a complete change of the ecosystem.
These problems push the countries of theArabMaghreb out of the path of sustainable
agro-socio-economic development, which produces, preserves the environment and
natural wealth for future generations. Although there were tests to mitigate the risks
of pollution and climate change, deserves to be expanded and deepened as the sub-
projects of integration of climate change in the implementation of theGreenMorocco
Plan (PICCPMV), the adoption of administrative, legislative and economic provi-
sions for the effective and sustainable management of water resources, including the
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pricing of irrigation water, and the National Irrigation Program for Water Conser-
vation (PNEEI) and the Council Higher Water and Climate (CSEC) in Morocco.
Measures considered in the National Planning and Predicted Contribution (INDC)
submitted at COP21 in Tunisia, which provides for the agriculture, forestry and
land use sector, a mitigation plan that includes the intensification of CO2 absorption
capacities of the forest and arboriculture, thanks to the intensification of reforesta-
tion, consolidation and increase of carbon stocks in forest and pastoral environments.
An important agricultural heritage peculiar to these countries, it is still cultivated so
that the ancestors respects the environment, needs attention and good management
to intensify it, as the cultivation of dates, olives, figs, citrus fruits, cocoa and even
cereals. Sustainable agriculture requires the organization of these countries: it is
necessary to apply on the ground with sincerity the laws of the good management of
the water in quantity or quality, either for drinking or for the irrigation of the cultures;
cultivate environment-adaptive species in arid zones or climate-sensitive areas; the
most important thing is to inform farmers, how to save crop irrigation water by
preferably using the drip system, how to limit the use of chemicals (fertilizers and
pesticides) by replacing them with organic or natural products, or apply rotations, or
select healthy seeds for varieties that are adaptable to the changing environment and
resistant to diseases.

Keywords Sustainable agriculture · Environment · Arab Maghreb · Climate
change · Pollution · Degradation · Farmer training · Adaptive varieties · Sincere
policies

1 Introduction

Agriculture is a human activity thatmodifies natural ecosystems to produce resources
(mainly food) useful to humans. It occupies a large terrestrial surface, with important
consequences for the man. The impacts of agriculture on soils and biodiversity have
been around for a long time. It was in the 1940s that the first synthetic pesticides were
marketed, marking an increase in agricultural yields. Twenty years later, started to
Hear harm to people’s health and on the environment [1]. Since 1945, the increase in
the use of mineral fertilizers, the appearance of pesticides, and the development of
irrigation (in the context of the Green Revolution, in particular) and the motorization
of agriculture has increased sharply the environmental impacts [2].

Over the past few decades, agriculture has seen a noticeable change and over
time has become the main economic sector responsible for multiple environmental
impacts. According to Debailleul [3], concentration, specialization and intensifica-
tion describe this change. Concentration, manifested in a continual increase in the
size of farms and a rapid decrease in their number, specialization has led farmers
to devote themselves to one or two productions when previously they had a wide
range; the third resultant was the increasing use of chemical fertilizers and pesti-
cides. Farmers have used pesticides more extensively to destroy unwanted insects
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for crops, but unfortunately, this often makes the situation worse as many insects
develop resistance to pesticides, and pesticides are only effective for a short period
of time [4].

Phytosanitary products are most often applied in the form of liquids sprayed on
plants or on the soil. In other cases, they are incorporated, injected or deposited in
the soil in the form of granules. During an application, the treatment product was
distributed in variable proportion [5]. As soon as they reach the ground or the plant,
they degrade or disperse. The active ingredients can volatilize, flow or infiltrate into
surface or ground water, absorbed by plants or soil organisms, or remain in the soil.
During a season, runoff carries on average 2% of a pesticide applied to the soil, rarely
more than 5–10% [6, 7], leaching losses are generally lower [7, 8]. On the other hand,
sometimes volatilization losses of 80–90% of the applied product observed a few
days after treatment [8, 9].

In general, the environmental impact of a pesticide depends on the degree of
exposure (resulting from its spread and concentration in the environment) and its toxic
properties [10, 11]. Among of the agreed environmental risk assessment procedures
is to measure exposure to pesticides and their effects [12].

Organochlorines are considered a dangerous pesticide family for humans, even if
they are in small quantities in water or foodstuffs. Organochlorines are most present
in areas where agricultural waterways are located [13, 14]. In these rivers, several
pesticides exceeded their limits for the protection of aquatic life [13, 15].

Excessive use of phosphorous in the form of fertilizers and mineral fertilizers
leads to saturation of the soil and causes the enrichment of surface water in agricul-
tural ponds [16]. In rainy periods, compost spread brings a much greater amount of
phosphorous from runoff to streams [17].

Intensive agriculture exposed Arab Maghreb countries (Morocco, Algeria,
Tunisia) to chemical pollution in irrigated areas: contamination and degradation
of water ground, watercourses and soil, mainly due to the use of mineral fertilizers
and crop protection products [18–23].

Agriculture accounts for about 20% of greenhouse gas emissions in European
countries. This is largely due to the emission of nitrous oxide after the application of
N fertilizers [24]. Agricultural ecosystems are both sources and sinks of air pollutants
and greenhouse gases, and thus play a role in the relationship between climate and
air pollution, that is, they contribute to climate change and air pollution [25].

Asmany countries in this planet exposed to climate change, due to the badmanage-
ment of this fragile agricultural sector, the reduction of yields in Arab Maghreb
countries depends on climate changes [20, 21, 23, 26]. Without forgetting the lower
levels of the agriculture users, they had the hard effects on agro systems then on
environment [23].

To reduce the effects of random agriculture, many studies have advocated sustain-
able agricultural development that produces and preserves the environment [27, 28].
Where is the Arab Maghreb countries from this sustainable agricultural develop-
ment, and what are agricultural sector impacts on environmental compounds in this
region?
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2 Environmental Impact of Agriculture

In order to increase agricultural production, people add to the soil some products such
as fertilizers or pesticides,which leads to an increase in pollution.Many chemicals are
used to prevent and control plant pests. Pesticides are phytosanitary products, which
are introduced to various parts of the environment by air, water and soil pollution
[29]. The presence of phytosanitary products in the natural environment is mainly
caused by humans, while fertilizer components, such as nitrogen or phosphorous,
are part of the natural biogeochemical cycles. When there is a phytosanitary product
in the environment, its equilibrium is disturbed and the possible consequences for
human health and natural resources (animal, plant and minerals) [30, 31]. With the
recent evolution of treatment products and their consequences on ecosystems [31,
32]: the contamination of air, soil and water by pesticides widely used in agriculture
is today more than never central to all debates about environmental protection, it is
a chronic and widespread problem [33].

2.1 Soil Degradation

Agriculture is also responsible for soil pollution and degradation. The tillage process
improves the physical structure of the soil, which facilitates exchange on the soil
surface (air, water and fertilizers) [34]. However, too deep plowing causes the appear-
ance of a hard layer by the action of the natural settlement and the passage of gear
for the treatments, the grape harvests, etc. [35, 36]. This compaction phenomenon is
accentuated in the case of plowing on wet soil [37].

The soil is completely compacted by removing the weed by chemicals [37], and
the harmful effect is very noticeable on the life of the soil microflora and microfauna.
The risks of pollution are by the infiltration of molecules of groundwater into the
soil and by surface runoff (rain, erosion) are not negligible [38, 39]. Finally, the use
of these active molecules is not without danger for the crop (risks of phytotoxicity),
the agricultural operators (risks for the health) and the environment in general [40].

Chemical degradations are essentially photo-decompositions, or degradations in
contact with organic matter or clays due to a combined effect of acidic conditions
and adsorption phenomena [41, 42].

The work of Siimes et al. [43] highlights the transfer of herbicides to agricultural
soils (sugar beet cultivation) in Finland. In recent years, models have also been
developed to simulate pesticide transfers into the soil based on doses and application
dates in order to know and predict associated ecological risks [44–46].

Water erosion is influenced by cropping operations, such as the depth of the soil,
the direction in which it is used, the time of plowing, the type of implements and
the number of passes. Generally, the less tillage disturbs vegetation or the tailings
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layer at or near the surface, the less soil tillage results in water erosion. Reduced
tillage and no-till are effective ways to limit this type of erosion. Tillage practices in
the direction of the slope favor water erosion by providing flow paths for the runoff.
Counter-slope tillage and contour plowing techniques oppose the concentration of
runoff and limit soil movement [47].

In arid and semi-arid regions, soils of irrigated perimeters can undergo three
forms of degradation: salinization (by accumulation of soluble salts, mainly NaCl),
waterlogging (by rising water tables), sodization/alkalization (by sodium ion fixation
on clay associated with an increase in pH) [48].

2.2 Pollution of Water

Pollution of water by plant protection products creates environmental health prob-
lems. These molecules can also be transferred to groundwater and surface water:
these two processes, intimately linked in the hydrological cycle, form the basis of
the mechanisms that cause surface water pollution [31, 49]. These molecules can
also be driven by rainwater and then be the cause of pollution of surface water but
also seepage water and soil. The quality of the surface water and infiltration is then
highly followed with regard to possible contamination by pesticides [49].

Among the most recent studies, we can mention those of Gao et al. [50] the future
of organochlorine pesticides in surface water in China. Similarly, Kalita et al. [51]
report pollution of drainage waters by pesticides in maize and soybean crops.

As can be seen from the numerous studies carried out, pollution related to agricul-
tural activities, continued to growandbecameone of the primary sources of pollutants
that affect the health of rivers and human health. At the origin of the degradation
quality of surface water and groundwater, there is the irrational use of fertilizers and
pesticides. This deficient management of fertilizers and cultural practices leads to the
migration of several contaminants, such as nitrates, microorganisms and pesticides
to sources of drinking water. Today, these contaminants are detected in most waters
drinking water located in the agricultural region. In some municipalities, contamina-
tion has reached such a magnitude that it has been necessary to stop the use of water
sources for consumption [52].

2.3 Use of Fresh Water

Agriculture is a sector that consumes a lot of fresh water. A ton of grain requires an
average of 1000 tons of water [53].

The importance of water consumption and trade in agricultural products around
the world has given rise to the concept of virtual water [54].
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The water supply is done in two different ways:

• So-called rainfed agriculture uses only rainwater.
• Irrigated agriculture uses water from rivers, lakes, and reservoirs or groundwater.

In 2000, rain fed agriculture in the world consumed 5000 km3 of water per year
over an area of 1240 million ha. Irrigated agriculture consumed 1500 km3 of water
per year, covering an area of 264 million ha. At the current rate of expansion of the
irrigated area, by 2050, it would reach 331 million hectares irrigated; consuming
about 500 km3 per year, more water than today. However, the demand for compli-
mentary water in 2050 is estimated at 4500 km3 per year because of population
growth forecasts. The sole use of irrigation will therefore not be able to meet global
needs [55]. Also, about 10% of the water currently used for irrigation comes from
non-renewable sources (fossil groundwater) [56].

According to a study from the University of Utrecht, water shortages are expected
in many countries, including the three largest grain-producing countries in the
world—China, the United States, and India., as well as in countries where the propor-
tion of irrigation water of non-renewable origin is essential: Saudi Arabia, Pakistan,
Iran, Mexico, in particular. According to the same study, “the unsustainability of
groundwater use for irrigation is a problem for countries that rely heavily on ground-
water, but also for the world as a whole since international trade introduces strong
correlations between food production in one country and consumption in another
[57]”.

2.4 Air Pollution

Agriculture also plays a role in the air or atmospheric pollution. Pesticides used
in intensive agriculture are inexorably polluting our air (Fig. 1), affecting human
health, animal health and biodiversity [58]. Volatilization is one of the main causes
of pesticide leakage outside the target area, especially when treatments target the

Fig. 1 Pollution by
pesticides used in intensive
agriculture [58]
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soil or plant surfaces. These losses often exceed those due to chemical degradation,
runoff and leaching [8], air transport and deposition are the main contributors to
pesticide dispersion on land [59].

Molecules can volatilize resulting in atmospheric pollution. They are also
potentially photodegraded by sunlight [49].

The first campaign to measure pesticides in the air starts in France in June 2018.
Glyphosate and chlordecone are among the 90 substances that will be sought to better
understand the exposure of the population; they have been selected according to their
persistence in the air, their degree of use and their danger to health [60].

2.5 Contribution to Climate Change

The agricultural sector is a major contributor to the greenhouse effect. FAO publishes
detailed statistics on global and country greenhouse gas (methane and nitrous oxide)
emissions (1990–2011 average CO2 equivalents) [61].

Breakdown by continent: Asia 42.6%; Americas 25.3%; Europe 14.1%; Africa
13.9%; Oceania 4.2%.

• Main emitting countries: China 655.5 Mt CO2eq; India 564.5 Mt; Brazil 366 Mt;
United States 354 Mt; Australia 154.6 Mt; Indonesia 138.7 Mt; Russia 117.6 Mt;
Argentina 109.3 Mt; Pakistan 104.2; Sudan 93.4 Mt.

• Emissions (carbondioxide,methane andnitrous oxide) due to energy consumption
(burning of fuel and electricity generation in agriculture and fishing): 785.3 Mt
CO2eq in 2010 (growth rate annual average 1990–2010:+ 1.6%), of which 54.9%
in Asia (+ 2.6% per year), 24% in Europe (− 1.3% per year), 16.5% in the
Americas (+ 1.7% per annum), 3.2% in Africa (+ 6.8% per annum) and 1.4% in
Oceania; breakdown by fuel: diesel 44.9%, electricity 36.9%, coal 9.5%, natural
gas 3.4%, gasoline 2.3%, heavy fuel oil 1.9%, LPG 1.1%.

2.6 Loss of Biodiversity

The modification of agricultural practices in the twentieth century has led to an
erosion of biodiversity [62] that has led locally to the extinction of many animal
species (includingbutterflies, bees,wasps, beetles, reptiles, amphibians, sticklebacks,
larks, etc. very common in the fields or their surroundings until the 1970s). Since the
1990s, biodiversity monitoring experiments [63] have been set up, which have made
it possible to quantify the impacts of intensive agriculture and highlight some of the
interests of biological agriculture.
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In addition to its importance for the conservation of the genetic diversity of ancient
varieties, agriculture sometimes plays a vital role for the protection of biological
diversity: The European Commission combines three main criteria to measure the
interest of an agricultural area in terms of contribution to the preservation of biodi-
versity. The areas with the highest score are called “high natural value” [64]. 10–
30% of agricultural land deserves this title in Europe. In France, 84% of surfaces
classified as “high natural value” are in mountains or medium mountains (Alps,
Corsica, Franche-Comté, Massif Central, Pyrenees …). These are mostly open-air
rearing areas characterized by low stocking density (livestock) per hectare, little or
no chemical inputs, and usually greater use of agricultural labor.

3 Reduction of Impacts

3.1 The Sustainable Agriculture

In this issue of sustainable development, agriculture occupies a prominent place.
The term “sustainable agriculture” translates the desire to develop an agriculture that
contributes to “sustainability” [27, 28, 65, 66]. For the Organization for Economic
Co-operation and Development [67], this sustainability is based on four criteria: an
economically viable production system; preservation and enhancement of the basic
natural resources of the farm; the preservation or enhancement of other ecosys-
tems affected by agricultural activities; the creation of a pleasant natural setting
and aesthetic qualities. Thus, sustainable agriculture must preserve the environment
while being productive. In this lineage is developed the notion of multifunctionality
which attributes to agriculture a landscape function, social and identity in addi-
tion to that of production and preservation of the environment. The Ministers of
Agriculture of the OECD countries adopted a definition of this concept in 1998:
“the act of agricultural production ensures market functions of production, but also
other functions, presenting the character of goods public, very rarely paid because
they are not marketable” [68]. This definition, however, remains very vague and
the non-commercial dimension, in particular, is a source of controversy. It opposes
the members of the group of “friends of the multifunctionality” (European Union,
Japan, South Korea, Norway and Switzerland) with the Countries of the South and
the United States and the Cairns group [69]. Whatever the recognition of the non-
market functions of agriculture, the notion of sustainable agriculture gives rise to the
emergence of that of “reasoned” agriculture. This is an extension of the concept of
“reasoned control” which aims to replace a systematic fight against pests with a fight
against the threshold of tolerance of crops. Its application seems to have shown very
positive results around the world (see insert). Rational farming is a broader concept:
more than the fight against pests, it is the whole work of the farmer that must be
reasoned.
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3.1.1 The Positive Effects of Sustainable Agriculture (from Brown [53])

In the Netherlands, nearly 550 farmers have reduced their use of pesticides by 30–
50% and have totally eliminated the insecticides. Through the modification of prac-
tices, they obtained the same yield and the value of the sanitary products decreased.
On the other hand, while efficiency gains are a breakthrough, some studies analyzed
by Brown [53] have shown that it is possible to replace the use of chemicals with non-
polluting methods of improving fertility and controlling insects. Systems of tradi-
tional culture, integrating manure and rotations, as well as diversity crops, provide
yields equivalent to those of intensive farming. In some regions ofChina, for example,
cropping systems incorporating rotation (rice varieties different) doubled the yield
of the farms, while eliminating the use of pesticides.

In Indonesia, the Integrated Pest Management (IPM) method, a kind of near-
ecological control of insects, has been tested. This method has no only the cultivation
of several species, but also the introduction of natural predators and plants, scattered
in the fields, which repel insects. In four years of implementing this in the country,
the use of insecticides has been halved, and yields have increased 15%. This IPM
is starting to take root in countries as diverse as Kenya, Cuba, Peru, and the state of
Iowa in theUnited States. At the European level, the recognition ofmultifunctionality
comes first and foremost by the reform of the Common Agricultural Policy (CAP)
in 1992 [70].

In response to the challenges of multifunctionality and the threats of sustainability
of production support (issued during multilateral trade negotiations), this new CAP
establishes a decoupling between the level of support to farmers and the quantities
produced.Modifications are alsomade in the structures policy.A set of three so-called
“accompanying measures”, financed by the European Agricultural Guidance and
Guarantee Fund (EAGGF), comes directly under the new agricultural policy: agri-
environment, afforestation of agricultural land, early cessation of activity. Following
the Cork [71] declaration confirmed in 1999 by the Berlin Agreement [72], the Rural
Development Regulation (RDR) [73] becomes the second pillar of the CAP, taking
into account of environmental challenges, the diversification of economic activities
and the preservation of rural heritage. The Regulation establishes the framework for
Community support for sustainable rural development from 1 January 2000.
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4 Contribution of Some Maghreb Countries (Morocco,
Algeria and Tunisia) to Sustainable Agriculture

4.1 Morocco

4.1.1 The Importance of the Agricultural Sector

The agricultural sector in Morocco generates 14% of GDP. The country’s growth
rate is strongly correlated with that of agricultural production. Agriculture remains
the country’s largest provider of jobs. More than 40% of the populations live in this
sector. The agricultural area is estimated at 8,700,000 ha (12.25% of the total area of
the country). The issue of water is crucial for the development of agriculture in the
country. Themain vegetable products of the country are cereals (wheat, barley), citrus
fruits (oranges, clementines), olives, fruit rosaceae (almonds, apples, apricots …),
sugar beets, legumes, vegetable crops including potatoes and tomatoes. Livestock
(sheep, goats, cattle, camels, and poultry) is also an essential component of the
agricultural sector [74].

4.1.2 The Socio-agro-environmental Impacts on the Agricultural Sector

Water Deficiency

The scarcity of water resources is a significant constraint on a global scale. For the
Mediterranean, climatic constraints, particularly the scarcity of water resources have
always been structural characteristics. Water insecurity, a threshold that concerns
countries whose water availability per year and inhabitant is less than 1700 m3, is
already affecting 10 Mediterranean States (Libya, Israel, Egypt, Jordan, Morocco,
Algeria, Tunisia, Malta, and Palestine, Syria). As a result, food security will become
increasingly dependent on the efficient management of water resources and the
optimization of irrigation systems. Indeed, Morocco is a Mediterranean country
with essentially semi-arid and arid climate. The water resources are limited by its
geographical situation and its exposure to climatic hazards [75].

The Moroccan agricultural sector, a pillar of the country’s food security, is highly
dependent on climatic hazards, particularly drought (Fig. 2) and the scarcity of water
resources. The lack of water and its scarcity are first and foremost a problem for agri-
culture, and the solutions to deal with them are imperative for agriculture. According
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Fig. 2 The drought causing by global warming in Morocco [76]

to the report of El Aissi in 2016: Morocco is also challenged by the impact of climate
change on its agricultural production, with very irregular water supplies from one
year to another. In this unfavorable climate context and to support its development
[75].

Water Quality and Agricultural Impact

The use of intensive agriculture has accelerated over the last 20 years with the devel-
opment of irrigation. This was donewith a gradual but ultimately significant recourse
to chemical fertilizers. The level of agricultural pollution by phosphates and nitrates
was estimated at 10,000 tons/year in 1994 [77]. For many groundwater nitrate levels
have reached thresholds exceeding 50 mg/L which are set by the OMS for drinking
water quality. Levels ranging from 50 to 70mg/L have been observed in the vegetable
growing areas of many irrigated areas (Tadla, Gharb, Moulouya, etc.). As agricul-
tural intensification is likely to increase, especially for the valorization of agricultural
water, the risks of increased chemical pollution by fertilizers are certain if measures
of good practice are not implemented. The other problem that potentially threatens
the quality of water is the increasing use of pesticides with what it generates as
contamination by toxic organic products. About 1 million hectares are treated annu-
allywith pesticides, 60%ofwhich are irrigated [78]. The quantities of pesticides used
by farmers are considered low and estimated at around 9400 tons. The data currently
available in Morocco indicate that little is known about the active substances, formu-
lations and application conditions of pesticides. Levels and types of water and soil
pollution are also poorly known; it is, however, estimated that 0.5–1% of these prod-
ucts are found in watercourses [79]. Estimates of contamination of groundwater by
pesticides are now indeterminate.

4.1.3 Measures of Impact Mitigation and the Sustainability
of Agriculture in Morocco

Strategies to reduce agricultural drought risk fall into three categories [80]:
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• In irrigated agriculture, water can be saved by minimizing losses and improving
water use efficiency.

• In pasture and forest areas, evaporated water can be used by developing pasture
and fruit tree ecosystems.

• In rain fed areas, dry farming techniques consisting of improved water harvest,
storage and use at farm and plot levels can increase productivity.

Significant progress has been made for Morocco in terms of techniques and prac-
tices for saving irrigation water, its collection and mobilization. The strategy of
irrigation and water economy is the basis of the country’s agricultural policy. Since
its independence in 1956, Morocco has put water at the center of its development
equation, has oriented its water management policy towards the mobilization, ratio-
nalization and development of conventional and unconventional water resources.
Concretely, the answers to these issues are reflected in the agricultural develop-
ment strategy called “Green Morocco Plan” launched in 2008 based on programs of
mobilization and responsible management of irrigation water [75]:

• National Program for Water Economy in Irrigation (PNEEI): which aims to
convert from traditional irrigation systems to modern and water-saving systems,
saving a volume of water of more than 1.4 Md m3 in 2016, or 2546 m3/ha.

• Irrigation Extension Program (PEI): which aims to upgrade 1.5 billion cubic
meters of water by hydro-agricultural development covering an area of 160,000 ha
by 2020.

• Public–Private Partnership Program in Irrigation (PPP): the objective is to ensure
the efficiency of water management and to ensure a better valorization in the
existing perimeters and the new perimeters as well as the safeguarding of irri-
gation in areas with high agricultural production potential, particularly through
desalination projects for seawater.

Planning for Water Management

From independence until the 1970s, water planning was done in Morocco on a
sectoral or project basis. During the 1980s, there was a need for planning at the
level of the Water Management. Indeed, the scarcity of water and the emergence of
competition in its use have made it imperative to put in place integrated planning
taking into account the resources and needs in the relationship between development
and the preservation of the water sector and the socio-economic economic [81].

The pricing of irrigation water has been launched. In the 7 ORMVAswhich priced
irrigation water (Moulouya, Loukkos, Gharb, Doukkala, Tadla, Haouz, and Souss-
Massa) a water royalty adjustment plan was adopted in 1997. This plan was aimed
to promoting efficient, economical and productive use of irrigation water [82]. This
planning of water management has enabled Morocco to accomplish during these last
decades, the following objectives [81]:

• Irrigation of one million hectares in 2000 and the total irrigable land potential in
2020.
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• Ensure a balance between needs and available resources.
• To allow balanced access to the water of all the regions of the kingdom.
• Adoption of administrative, legislative and economic provisions allowing efficient

management moreover, sustainable water resources.

Legislative and Regulatory Aspects

As part of the overhaul of national legislation in the field of water a single law on
water adopted by the House of Representatives on July 15, 1995. The law on the
water today constitutes the legal basis of the water policy in the Kingdom. It is based
on a number of principles that derive from several objectives, namely:

• The regulation of activities likely to pollute the water resources: in particular, the
forecast sanctions and the creation of water police to repress any illegal exploita-
tion of water or any act likely to alter its quality, the introduction of the principles
“sampler-payer” and “polluter pays”.

• The search for the greater agricultural value of water by improving the conditions
for improving moreover, use of agricultural water.

This law introduced the notion of participatory, concerted and decentralized water
management through the higher Council forWater and Climate (CSEC), the creation
of basin agencies and the development of contracting [83].

4.1.4 The Climate Change Integration Project in the Implementation
of the Green Morocco Plan (PICCPMV)

Like all development projects. The World Bank coordinating this project requires
that a study is conducted to evaluate the positive or negative impacts of the project
on the environment and society, as well as to define mitigation measures for the most
important risks.

• The ESIA is performed in accordance with:
Operational policies for the environmental and social safeguarding of the World
Bank.

• Provisions of all relevant laws and regulations, including Moroccan laws and
regulations.

• The spirit of the national charter of the environment and sustainable development
(framework law in preparation).

World Bank Safeguard Policies

Programs and development projects. They include:

• Environmental Assessment (OP 4.01/PB 4.01).
• Pest control (OP 4.09).
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• Forests (OP 4.36/PB 4.36).
• Natural habitats (OP 4.04/PB 4.04).
• Dam safety (OP 4.37/PB 4.37).
• Projects related to international waterways (OP 7.50).

Description of the Pillar II Project

The Climate Change Integration Project in the implementation of the GreenMorocco
Plan (PICCPMV), financed by the Global Environment Fund (GEF) and coordi-
nated by the World Bank (WB), It is grafted on a group of projects Pillar II, have
been identified in five targeted regions ofMorocco: Chaouia-Ouardigha, Rabat-Sale-
Zemmour-Zaer, Gharb-Chrarda-Beni Hssen, Tadla-Azilal and Doukkala-Abda. The
success of these PICCPMV Sub-Projects will provide evidence of the competitive
advantage of climate change vulnerability reduction strategies, encouraging farmers
in neighboring regions to adopt similar measures.

The present Pillar II project “Extension and enhancement of fig production in the
region of Doukkala-Abda” has been selected to benefit from adaptation measures to
climate change.

TheDoukkala-Abda regionhas been identified as vulnerable to climate change and
has significant agricultural potential. The fig tree has been identified as a sector that
will become a priority in this region with regard to the extension program provided
for in the Regional Agricultural Plan. It thus requires adaptation measures to climate
change.

The area covered by the PICCPMV Subproject is 165 ha. Beneficiaries and
intervention sites will be identified by the DRA Doukkala-Abda.

Proposed Climate Change Adaptation Measures

The measure that can have a significant impact on the adaptation of this sector is
the compost based on earthworm (lombri-compost) which improves the retention
capacity of rainwater or irrigation and improve the fertility of soils. Two applications
of lombri-compost are required, the first as a substantive amendment and the second
as a cover amendment to be made each year on the soil surface from the second year.
The amendments are made as follows:

• 5 kg of lombri-compost per fig tree plant should be brought as a substantive
amendment at one time during the first year when the new plants are planted.

• 2 kg of lombri-compost per fig tree plant are to be provided, as a cover amendment,
for each of the last 3 years (6 kg over the last 3 years).
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Reference Situation

The baseline describes the current state of the environment and society before
the implementation of the PICCPMV. It serves as a basis of comparison for
measuring the environmental and social impact of the PICCPMV Sub-Project. This
involves collecting and analyzing existing information on the intervention area of
the PICCPMV and therefore on the corresponding Pillar II project.

General State of Water and Soil Degradation in Morocco

Degradation of Water Quality

In Morocco, between 1950 and 1980, water quality was average to excellent irre-
spective of water availability [84], then deteriorated significantly due to the main
sources of pollution, which are: domestic pollution, industrial and agricultural. For
example, during the year 1998–1999, the water quality was judged degraded by the
Directorate General of Hydraulics, in 37% of the sampled stations and good in 53%
and 1999–2000 it was judged degraded in more than 50% of the stations. Critical
pollution levels are observed in several stretches of the watercourse. Groundwater
is of better quality with the exception of some important aquifers on the Atlantic
coast. The deterioration of the quality of water resources is observed in all the water-
sheds and more particularly in the Sebou basin which has reached alarming levels
of pollution downstream of large discharges of domestic and industrial wastewater
[22].

The main causes of water quality degradation in Morocco are:

• The intrusion of marine waters generated by excessive pumping in coastal areas.
• The significant delay in the field of sanitation and the purification of domestic

wastewater.
• The delay in the field of industrial and domestic depollution.
• The unsustainable use of fertilizers especially nitrates in irrigated areas: Tadla,

Berrechid, Triffa, Doukkala, etc. The distribution of fertilizer consumption by
crop shows that about 32% of fertilizers are used by citrus fruits, sugar crops
and vegetable crops which occupy only five percent of the cultivated area and
are mainly irrigated (58% of the tonnage). As for cereal crops, which occupy
63% of the cultivated area, they mobilize only about 43% of global tonnages
[19]. The level of agricultural pollution by phosphates and nitrates was esti-
mated at 10,000 tons/year in 1994. For several groundwater nitrate levels reached
thresholds exceeding 50 mg/L which are set by the OMS for potability waters.

• The unsustainable use of pesticides in agriculture. About 1 million ha are treated
annually with pesticides, 60% of which are in irrigated areas, while the semi-arid
and semi-arid zones are poorly treated due to the weakness and irregularity of
the rains. The quantities of pesticides used by the 14 farmers are considered low
and estimated at nearly 9400 tons. However, the levels and types of pollution
of water and soil by pesticides are also poorly known, and it is estimated that
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Fig. 3 Water erosion with disappearance of biodiversity in Morocco [85]

0.5–1% of these products are found in watercourses. These causes are aggravated
by the context of scarcity and irregular rainfall and the consequent low flows, the
concentration of socio-economic activities and agricultural intensification.

Soil Degradation

In Morocco, soils are being eroded at rates that far exceed international standards.
The average specific degradation varies between 212 andmore than 2000 t/km2/year.
These rates are excessive especially for the basins of the North and North-West
where they exceed 2000 t/km2/year. According to Badraoui [26], the main forms
of soil degradation in Morocco are: water erosion (Fig. 3), wind erosion, secondary
salinization, alkalization, loss of organic matter, crusting, drainage, compaction and
urbanization.

Cultural Practices

The total usable area of themunicipality of Ouled Frej is 8600 ha, of which 300 ha are
uncultivated, 400 ha irrigated by private pumping (PMH). The number of exploitation
is estimated at 2000.

The rural commune of Ouled Sidi Ali Ben Youssef has a total estimated area
of 11,500 ha, of which 600 ha irrigated by private pumping (PMH), the number of
holdings is 3000 Cereals are the main crops in both communes.

Expected Environmental Situation

The PICCPMV Sub-Project will have a positive impact on soil quality through the
improvement of the general soil fertility throughwater conservation, the amelioration
of the structure through the incorporation of organic matter, and the betterment of
soil biology. It will also have a positive impact on the water balance thanks to the
upturn of the water supply in the soil due to the improved infiltration of rainwater,
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Fig. 4 Fig tree culture
adaptable to climate
warming [86]

the reduction of soil evaporation by the plants of fig tree, and the conservation of
water by organic matter. The adoption of the climate change adaptation measures
proposed by this project will have direct impacts on the increase of yield compared
to old fig trees, the improvement of the resistance to drought, and the possibility of
valorization of the fig tree by the biological conduct.

Expected Social Situation

Climate Awareness Level for Climate Change Adaptation Measures

Farmers are aware of the impacts of aridification of the climate and wish moreover
develops the fig tree culture (Fig. 4).

The project through the diffusion of the technique of Lombri-compost intervenes
several levels: better mastering techniques of valorization of the water, better control
of the tools and techniques of treatment of the plantations in conditions of aridity.
Awareness sessions will enable beneficiaries to identify better areas suitable for fig
plantations and those that can receive cactus plantations.

The PICCPMV Sub-Project will have a positive environmental impact on soil
quality, water balance and crops. It will also have a positive social impact on the level
of awareness of climate change adaptation measures.The World Bank’s safeguard
policies, analysis of the expected environmental situation, shows that the impacts
are positive. The analysis of the expected situation at the social level shows that the
impacts are positive on all social components. As a result, the expected impacts of
the PICCPMV Sub-Project are generally neutral or positive on the environment (soil
quality) or society (between beneficiaries).
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4.2 Algeria

4.2.1 The Importance of the Agricultural Sector

Since independence, various policies have been put in place for this sector, particu-
larly since the year 2000 (PNDA, PDAR) (MADR 2012 cited in Si-Tayeb [23]). In
2005 according to the survey carried out by theMADR, agricultural employment was
evaluated at 2,237,867 workers on 1,052,602 agricultural holdings of which 90,471
were above ground. In 2014 agricultural employment accounted for 10.8% of the
active population, which had reached 11,500,000 people [23].

In the early 1960s, agriculture played a relatively important role in the Algerian
economy. By 1966, its value added in the gross domestic product had fallen and then
changed little [87].

The agricultural sector in Algeria remains significant, as it contributes on average
to about 10% of the annual GDP and a quarter of the active population depends on
this sector. It also helps reduce food dependency on other countries [23].

4.2.2 The Socio-agro-environmental Impacts on the Agricultural Sector

Agriculture in Algeria faces many constraints among which we quote:

• Fertilizer supply Algerian farmers are not only struggling to source fertilizer, but
they are also struggling to benefit from subsidies for it.

• Renewable concession titles. The difficulty for many farmers working on
concession lands to obtain a definitive concession or ownership titles.

• Weaknesses of agricultural warning stations Weak public warning structures for
farmers such as agricultural warning stations in the event of crop or animal prob-
lems such as the appearance of diseases, or in the case of parasitic attacks or
particular climatic events.

• Low technical level of farmers, many farmers have a very low technical level
which is a problem for agricultural development, and empirical research on the
issue of farmers’ adoption of innovations is often fragmented or differentiated
[88–90] (Figs. 5 and 6).

• Agricultural production dependent on climate and landforms Algerian agriculture
is still dependent on rainfall, particularly in mountainous regions, so agricultural
yields in Algeria depend on climatic hazards [23]. Landforms are also a constraint
for Algerian agriculture, especially when they are associated with the climate,
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Fig. 5 Random use of pesticides by untrained peasants. Author source 2017

Fig. 6 Irrigation by a canal
system that does not save
water by unformed farmer in
Algeria [91]

because the majority of plains useful for agricultural activity are characterized by
an arid or semi-arid climate and the majority of wetlands are mountainous [18].

• A threatened agricultural area In addition to the small agricultural area that focuses
on the coast, especially compared to the total area of Algeria, it is threatened by
desertification in the south and by urbanization in the north because of population
growth. The useful agricultural area is also threatened by erosion and soil degra-
dation, in this regard Bessaoud andMontaigne [18] note: “the per capita UAA is in
continuous reduction, from 0.75 ha in 1962 at 0.25 ha today. This drop is mainly
due to population growth, but also to the loss of agricultural land, erosion and
soil degradation”; Added to this is the unorganization of agricultural markets, the
weakness of material means, the fragmentation of Algerian parcels, the problems
of ownership of land [92].

The agricultural sector in Algeria remains weak. Nevertheless, it remains a
strategic sector, because it plays an important socio-economic and political role.
On the socio-economic level, it contributes an average of 10% of GDP and employs
almost a quarter of the active population, politically it contributes to the improve-
ment of food security, thus reduced food dependency. However, its importance in
the Algerian economy presents a good and a bad, a good because in addition to
what we quoted previously, it contributes to partially reduce the scale of the recur-
rent economic crises which affects the Algerian economy. It is a misfortune because
of its weakness and its inability to achieve food self-sufficiency are a significant
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burden for the Algerian economy through food imports is vital and increasing with
the increase in the Algerian population.

4.2.3 Measures of Impact Mitigation and the Sustainability
of Agriculture in Algeria

Standard Algerian agriculture suffers from a lack of sustainable competitiveness and
weak integration into external markets. Traditional policies and successive agricul-
tural development plans have produced only modest results in terms of the country’s
potential and needs. Faced with such a finding, organic farming can prove to be
an interesting alternative for developing local resources. Nature is conducive to the
cultivation of a whole range of products perfectly adapted to the Algerian climate
and soils (Figs. 7 and 8) (certain fruits and vegetables, dates, figs, olive trees, certain
medicinal plants, etc.), offering our farmers the opportunity to diversify their offers
and work seamlessly during the four seasons. Exporters who are well trained in the
export trade will not have great difficulty in selling these products to foreignmarkets,
especially those in Europe willing to pay a heavy price [93, 94].

Fig. 7 An oasis of palm trees passing through a dry area—Biskra—in Algeria. Author source 2017

Fig. 8 Adaptable
agriculture to global
warming in Algeria [95]
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4.3 Tunisia

4.3.1 The Importance of the Agricultural Sector

The agricultural sector occupies an important place in the Tunisian economy by
contributing to the creation of employment and the balance of payments balance
through exports, in addition to its role in the guarantee of the food security of the
country [96]. It is estimated that today, one in six Tunisians works in agriculture.
Sector revenues account for more than 10% of gross domestic product, and food
exports account for 11% of goods exports. Tunisian agrosystems combine rainfed
and irrigated crops, livestock and oasis crops [97].

Agriculture is practiced on a total agricultural area of about 10 million ha, with a
plowable area equal to 5 million ha and an area equipped for irrigation of about 4%
of agricultural land and 8.2% arable land. Agriculture is provided through 516,000
farms with an average size of 10 ha with about 75% of the farmers having an area of
less than 10 ha. Livestock constitutes one-third of agricultural GDP and employs 39%
of the agricultural labor force [97]. The main agricultural products of the country are
cereals, olives, dates and citrus for the vegetable sector [96].

4.3.2 The Socio-agro-environmental Impacts on the Agricultural Sector

According to OTEDD’s report [20, 21], most of the agriculture is practiced under
the most fragile natural conditions. It, therefore, has a relatively high environmental
cost. Under these conditions, the economic unsustainability could pose the problem
of the socio-political feasibility of openness and growth choices. This dimension is
one of the key issues in the search for sustainability of agriculture, whether economic
or ecological.

The irrigated sector, which occupies 425,000 ha during the year, consumes about
81% of water resources and contributes 37% of agricultural GDP. The reduction of
water resources combined with the impact of climate change poses a threat to this
irrigated sector and therefore to the country’s economic equilibrium.

Also, the agricultural sector faces other environmental challenges that are
primarily related to:

• The intensive use of non-renewable resources in the South of the country for the
needs of oases.
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• The use of high salinity waters and unsuitable soils. It is estimated that 60% of
the public irrigated land in Tunisia is moderate to highly sensitive to secondary
salinization following irrigation. This rate reaches 86% in the private perimeters.

• The limited extension of urban planning.
• Decreased fertility of irrigated soils is a dominant form of degradation.
• Chemical pollution in irrigated areas mainly due to improper or improper use of

mineral fertilizers and crop protection products.
• The reduction of yields due to the impacts of climate change.
• Increasing the frequency and intensity of extreme drought and flood events and

disrupting the seasonal distribution of precipitation.
• Also, the assessment of coastal vulnerability to accelerated sea-level rise by 2050

suggests an average sea-level rise of + 30 to + 50 cm, inducing an annual rate of
retreat ranges from 20 to 135 cm, depending on the littoral and the regions.

The direct and indirect effects of climate change (decreasing rainfall, raising
the temperature that would increase the water needs of the various socio-economic
sectors and the accelerated rise in sea level) will strongly impact the water resources
and especially groundwater that is heavily over-exploited. Thus, the situation will
worsen in the coming years as a result of climate change, with a decline in conven-
tional water resources estimated at 28% by 2030 and a decrease in surface water of
about 5%.

These climate projections also indicate that under the effect of the drought the
areas of cereals would decrease by 20% and those olive-growing by 40% by 2020.
The effect of the drought would be accompanied by a fall in the production of cereals.
Cereals, in rainfed, at around 40% in 2030, dry olive production would fall by 52%
for the same horizon. Animal production would decrease by 36–50%, respectively,
for sheep and goats.

4.3.3 Measures of Impact Mitigation and the Sustainability
of Agriculture in Tunisia

Tunisia has already realized the dangers of climate change. In the Mediterranean,
the country plays a pioneering role in the field of adaptation to climate change and
also in the agricultural sector (Fig. 9). For example, an adaptation strategy aims to
strengthen the resilience of this sector to the impacts of change [98].

Several institutional, technical and economic measures are advanced. In the area
of water management, the Water Code and the regulation for the reduction of water
consumption by large consumers must be applied more rigorously and reinforced in
risk areas. A desalination strategy and improved wastewater treatment will increase
the availability of water [98].

In relation to the management of agrosystems, the Agriculture sector (agricultural
production, forests and land-use change) has mobilized itself in the field of green-
house gas mitigation, even though it is not an emitting sector (the absorptions are of
the order of 3 million t CO2eq) [98].
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Fig. 9 Olive farm adapted to
the rise of global warming
[99]

The reconversion of certain activities that are economically unprofitable and
climatically unsustainable, the revision and adaptation of the agricultural map to the
impact of climate change or the adoption of new technologies of sustainable produc-
tion and consumption constitute measures of adaptation to integrate into national
planning. Several of these measures have been considered in the National Planned,
and Determined Contribution (INDC) submitted at COP21 in August 2015 which
provides for the agriculture, forestry and land use sector, a mitigation plan that
includes the intensification of CO2 absorption capacities of the forest and arbori-
culture, thanks to the intensification of reforestation, consolidation and increase of
carbon stocks in the forest and pastoral environments [97].

It is also planned to reduce the carbon footprint of agriculture by using less
emission-intensive practices such as organic farming or conservation as well as the
energy recovery of animal waste or the optimization of their diets food. Thesemitiga-
tion measures are also adaptation measures given the resulting environmental bene-
fits: dam protection, an increase of soil fertility, stabilization of production in relation
to climate variability, improvement of the forage balance for the region. Livestock
feeding, job creation and income-generating activities in rural areas as well as the
reduction of rural exodus. Of the US$18 billion needed to mitigate greenhouse gases
projected for Tunisia’s INDC, $1533 billion is earmarked for agriculture; forestry
and land use [97].

The 2016–2020 development plan provides for an agricultural growth rate of
5% and foresees a budget of around 2409 billion dinars for the protection of the
environment, sustainable development and the green economy of which 12% for
the fight against pollution, 40% for sanitation, 19% for waste management, 23% for
coastal protection andonly 1.3%for the protectionof natural resources. In the absence
of the integration of climate volatility in the agricultural and economic policy of the
country, this investment scheme alone will save the agricultural sector in Tunisia?
[100].
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5 Conclusions

The ArabMaghreb countries (Morocco, Algeria and Tunisia) are among the growing
countries whose economy is based on natural resources, agriculture and industry.
Agriculture is practiced in a traditional and modern way, with large areas, irrigated
and non-irrigated, which have absorbed a lot of work to ensure the availability of
food. Since the independence of these countries have changed the policies, plans and
programs for the recovery of this sector, but so far have not achieved the desired
objectives, which are demonstrated by the large volume of the bill of the importation
of basic foodstuffs.

The geographical situation of the Arab Maghreb countries in the South of the
Mediterranean sea, which is characterized by a semi and arid climate, lack rainfall
generally, in addition to the randomand excess use ofwater in the agricultural system,
and even in drinking make these countries exposed to water shortage crises several
times in their history, and this has had a negative impact on their environment in
general: on soil structure, on vegetable biodiversity, and even on climate change; and
these changes have also had a negative impact on the agro-socio-economic system.

The impact studies available in these countries, though rare, have been shown to
be intensive agriculture using many chemicals (fertilizers and pesticides) plus the
human factor (unskilled) leads to soil pollution, water and air, as well as human
exposure to health problems.

Sustainable agricultural production and conservation of the environment is a
dream for these countries comes after the dreamof food insurance for lack of qualified
human potential and material possibilities.

Recommendations
Thewater is a natural resource;where there is there is a life, balance and sustainability.
It is important to these Maghreb countries to study how to exploit this dear gold to
their life, eventually for their food security:

Storage of rainwater in dams and distribute tightly in agriculture and drinking.
Establish strict laws prohibiting water loss. It is best to irrigate cultures by drip
system. Cultivate varieties in appropriate places according to their environmental
needs (soil, water and temperature). Uses desalinate water of the sea or the ocean.

It is necessary to fertilize the poor soil, and to control the plant diseases with bio
products to avoid negative impacts of chemical products.

Climate change, always followed by special attention to the soil and the cultivation
of plant varieties adapted to the new climate.

Most important for preserving safety agriculture without impact on the environ-
ment; It is the human factor that practices agriculture; it needs to be structured to
understand what it is for sustainable agriculture. As well as coordination between all
actors in the agricultural sector.
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Possibilities of Mineral Fertilizer
Substitution Via Bio and Organic
Fertilizers for Decreasing Environmental
Pollution and Improving of Sesame
(Sesamum indicum L.) Vegetative Growth
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Abstract Possibilities of partial or complete substitution of mineral fertilizer via
bio and organic fertilizers were assessed for improving the characteristics of sesame
vegetative growth and contributing to decrease environmental pollution. The two
experiments were implemented in two summer seasons of 2015 and 2016 at the Agri-
cultural Experimental and Research Station, Faculty of Agriculture, Cairo Univer-
sity. The experimental design was based on a randomized complete block design
with seven treatments. Sesame was tested under three types of fertilizers i.e., 33,
50, and 100% of mineral, compost, and 100% of bioformulations. Results revealed
that the treatment of 50% of mineral in interaction with 50% of compost gave the
highest values of the dry weight of whole plant (g), the dry weight of shoot (g),
absolute growth rate (mg day−1), and unit shoot rate (mg mg−1 day−1) in the first
season. Also, the treatment of 50% of mineral in interaction with 50% of compost
attained maximum values of absolute growth rate (mg day−1) and unit shoot rate
(mg mg−1 day−1) in the second season and in both seasons. It can be concluded that
the partial substitution of mineral fertilizer via 50% of mineral in interaction with
50% of compost for improving the characteristics of sesame vegetative growth and
contributing to decrease environmental pollution.
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1 Introduction

Sesame plant is an important oilseed crop and it belongs to the family Pedaliaceae
[1–4]. It has a medical and pharmaceutical uses such as mildly laxative, emollient,
demulcent, anti-inflammatory, antibacterial, healing wounds, and antioxidant [1]. Its
seed oil consist of 39.0% of monounsaturated fatty acids, 46.0% of polyunsaturated
fatty acids, and 14.0% of saturated fatty acids [1]. Also, its seeds contain some of
vitamins and minerals such as copper, calcium, a high content of phosphorus, iron,
magnesium, manganese, zinc, and vitamin B1 [1].

Nitrogen is an essential element for other vital processes like carbohydrates,
proteins, metabolism, and (reinforcing both stages of cell division and cell enlarge-
ment) [5, 6]. Potassium is playing a vital role to stimulate the enzymes and fight biotic
and abiotic stresses such as cold, diseases, water logging, other opposite conditions
[7], pests, drought, salinity, and frost [8]. Siddik et al. [9] pointed out that the addition
of 60 or 120 kg N ha−1 recorded a maximum and significant value of the dry weight
of shoot, but the addition of 60 kg N ha−1 gave a maximum and significant value of
the dry weight of root in a sandy loam soil.

The two strains viz., Azospirillum lipoferum and Azospirillum brasilense bacteria
as a biofertilizer can increase the plant resistance against some diseases, invasion
of insects, wind, and (reinforce the growth of shoot and development of root) [10].
Also, it can transform Ca3 (PO4)2 from the unavailable form to available form in the
soil [10]. Additionally, Azospirillum bacteria can transform the atmospheric nitrogen
gas to ammonia for providing 50% N of the plant needs via the roots [10]. Abdel-
Sabour and Abo El-Seoud [11] found that the combination of the two organic wastes
of compost viz., biosolids + water hyacinth positively impacted and recorded a
maximum value of total chlorophyll content plant−1 in a sandy soil. While, Kumar
et al. [12] noticed that the inoculation of Azotobacter and phosphate solubilizing
bacteria together or the individual inoculation with Azo resulted in an increase in the
dry weight of shoot.

However, Eifediyi et al. [13] found that the addition of 200 kg NPK ha−1 or 4 ton
neem seed cake ha−1 or their interaction significantly increased leaf area. Whereas,
Dubey et al. [14] indicated that the inoculated seeds by Azotobacter chroococcum
(AZO2) in combination with 50% of NPKS i.e., 60 kg urea:15 kg diammonium
phosphate:15 kg muriate of potash:30 kg gypsum ha−1 gave higher the dry weight
of shoot and root than the addition of 100% of NPKS in a sandy loam soil. While,
Abdullahi et al. [15] concluded that the interaction of Azospirillum brasilense with
Glomus mosseae× 5 ton poultry manure ha−1 recorded the highest value of leaf area
when comparedwith the control treatment in a sandy loam soil. However,Ghosh et al.
[16] concluded that the interaction of the inoculated seeds by 1.5 kg Azospirillum
ha−1 × 40 kg urea:20 kg single superphosphate:20 kg muriate of potash ha−1 × 50%
N via FYM or vermicompost recorded a maximum value of the dry weight plant−1

in a sandy loam soil.
Mineral fertilizers are expensive, not easily available, and increasing its doses

about plant needs lead to environmental pollution. In Egypt, the production of the
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Table 1 Average values of
physical and chemical
properties of compost in 2015
and 2016 seasons

Bulk density (kg m−3) 538

Moisture content (%) 33

pH 7.44

Electrical conductivity EC (dS m−1) 4.44

Total nitrogen (%) 1.19

Ammoniacal nitrogen—NH4
+ (ppm) 383

Nitrate nitrogen—NO3
− Nil

Organic matter (%) 39.65

Organic carbon (%) 22.99

Ash (%) 60.35

C:N ratio 1:19.32

Total phosphorus (P2O5) (%) 1.09

Total potassium (%) 0.53

Weed seeds Nil

Nematodes Nil

local edible oil is inadequate [17] and it represent 10% of the consumption [3].
Therefore, the objectives of this study were for improving the characteristics of
sesame vegetative growth, also contributing to decrease environmental pollution by
assessing the possibilities of partial or complete substitution of mineral fertilizer via
bio and organic fertilizers.

2 Materials and Methods

2.1 Experimental Site

The two experiments were implemented in the two summer seasons of 2015 and
2016 at the Agricultural Experimental and Research Station, Faculty of Agriculture,
Cairo University, Egypt. The Egyptian cultivar Shandweel-3 was utilized. Physical
and chemical properties of compost are shown in Table 1. Whereas, physical and
chemical properties of soil before the planting day are shown in Table 2.

2.2 Physical and Chemical Analysis Methods of Soil
and Compost

2.2.1 Moisture content: organic material samples were oven dried at 70 °C, but
soil samples were oven dried at 105 °C to a constant weight. The difference
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Table 2 Average values of physical and chemical properties of soil sample before the planting day
in 2015 and 2016 seasons

Physical properties Chemical properties

Particle size distribution Coarse sand (%) 6.48 pH 7.85

Fine sand (%) 12.01 Electrical conductivity EC
(dS m−1)

1.34

Silt (%) 39.00 Total nitrogen (%) 0.05

Clay (%) 42.51 Total phosphorus (%) 0.32

Textural class Clay Total potassium (%) 0.18

Bulk density (g cm−3) 1.42 Available nitrogen
(mg kg−1)

80.50

Total porosity (%) 46.41 Available phosphorus
(mg kg−1)

26.80

Hydraulic conductivity (cm h−1) 0.80 Available potassium
(mg kg−1)

169.0

Field capacity (%) 27.12 Available iron (mg kg−1) 13.27

Wilting point (%) 13.04 Available manganese
(mg kg−1)

8.39

Available water (%) 14.08 Available zinc (mg kg−1) 7.58

Available copper (mg kg−1) 3.15

Organic matter content (%) 1.32

between the fresh and corresponding the dry weight equals the moisture
content, which was calculated as a percentage for each material according
to APHA [18].

2.2.2 The pH value was directly measured in the (1:5) soil:water suspensions
and in (1:10) compost:water mixture using a pH glass electrode of Orion
Expandable ion analyzer EA 920.

2.2.3 Electrical conductivity measurements were run in a suspension of (1:5)
soil:water or (1:10) compost:water determined by Richards [19] using EC
meter, ICM model 71150.

2.2.4 Organic matter content of compost was determined by glowing the dried
samples at 550 °C to a constant weight as recommended in APHA [18].
From the values of organicmatter, the quantity of organic carbon percentage
was calculated bymultiplying by 0.58.While, organicmatter content of soil
was determined by the determination of total carbon (C %) according to
the method of Hesse [20] and multiplying the result by 1.724.

2.2.5 Total nitrogen in dry compost or soil samples were determined by micro-
Kjeldahl method as recommended by Jackson [21].

2.2.6 Total phosphorus: acid solutions of the digested soil or compost materials
were used for determination of total phosphorus contents as described by
APHA [18].
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2.2.7 Total potassium: digested solutions of soil or compost materials were used
for the determination of total potassium using flame-photometric method
according to APHA [18].

2.2.8 Available nitrogen (ammoniacal and nitrate-N): nitrogen forms in compost
materials were determined according to the methods outline by Page et al.
[22] as follows: soluble nitrogen forms viz., ammonia and nitrate were
extracted from the soil or compost samples in KCl solutions and distilled in
the presence of MgO for extracting NH4, meanwhile NO3 were extracted
by running the distillation process another time in the presence of MgO
and Devarda alloy. In both steps, the evolved ammonia was collected in 4%
H3BO3 using a mixed indicator of methyl red and bromocresol green and
titrated against 0.05 NH2SO4 solution.

2.2.9 Available phosphorus: soil available P was obtained by the method intro-
duced by Olsen et al. [23]. About 10 g of soil samples or 5 g of compost
were extracted with 100 ml 0.5 M NaHCO3 (pH 8.5) and 5 ml aliquot
of the extract was analyzed for soluble phosphorus. The concentration of
phosphorus in compost materials or soil were determined colourimetri-
cally according to Troug and Mayer [24] at a wave length of 660 nm and
calculated as ppm.

2.2.10 Available potassium: compostmaterials or soilwere extractedwith a normal
solution of ammonium acetate (pH 7) in ratio of 1:2.5 (soil/solution, W/V)
and determined by Chapman and Pratt [25]. Soluble potassium concen-
tration in the filtrate was estimated using a flame photometer (Corning
410).

2.2.11 Available iron (mg kg−1), available manganese (mg kg−1), available zinc
(mg kg−1), and available copper (mg kg−1) in soil were determined
according to Jackson [26].

2.2.12 Physical analysis methods of soil:

Particle size distribution was determined by the method of Day [27]. Bulk density
(g cm−3) was determined by using paraffin wax method according to Dewis and
Freitas [28]. Total porosity (%) was determined by Vomocil [29] method. Hydraulic
conductivity (cm h−1) was carried out according to Klute [30]. Field capacity (%),
wilting point (%), and available water (%) were determined by Peters [31].

2.3 Treatments

The treatments were T1 = 100% of mineral (control treatment) (M), T2 = 100% of
compost (C), T3 = 100% of bioformulations (B), T4 = 50% of mineral in interaction
with 50% of compost, T5 = 100% of bioformulations in combination with 50% of
mineral, T6 = 100% of bioformulations mixed with 50% of compost, and T7 = 100%
of bioformulations combined with 33% of compost and 33% of mineral.
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2.4 Agricultural Practices

Sesame seeds were obtained from Oil Crops Research Department, Field Crops
Research Institute (FCRI), Agricultural Research Center (ARC) and sown in hills by
hand on the 17th July in both seasons. The distance between each hill was 20 cm.
Approximately 164.7 g of the seeds were soaked with bioformulations i.e., 200 ml
of biofertile bioformulation viz.,Azospirillum brasilense,Azotobacter chroococcum,
Bacillus polymyxa, Enterobacter agglomerans, and Pseudomonas putida in combi-
nation with 200 ml of biocontrol bioformulation viz., Bacillus polymyxa, Bacillus
macerans, Bacillus circulans, and Enterobacter agglomerans for an hour before the
planting. Additionally, bioformulations were provided from Environmental Studies
and Research Unit (ESRU), Department of Agricultural Microbiology, Faculty of
Agriculture, Cairo University, Egypt. While, compost rates of green manure source
i.e., 3.17, 4.8, and 9.6 ton ha−1 were obtained from Beni Suef compost company and
added on the sameday of the planting. Sesame seedlingswere also sprayedwith 1Lof
biofertile bioformulation:7 L of the irrigationwater and 1L of biocontrol bioformula-
tion:7L of the irrigationwater as a foliar treatment at 8–10A.M. on the 22th day of the
planting. In the early bloom phase on the 35th day of the planting the mineral fertil-
izers viz., ammonium nitrate (33.5% NH4 NO3) i.e., 94.56:143.28:286.56 kg ha−1,
single superphosphate (15.5% P2O5) i.e., 153.29:232.27:464.52 kg ha−1, and potas-
sium sulfate (48% K2O) i.e., 79.2:120:240 kg ha−1 were applied on the seedlings.
Also, the seedlings were thinned to two seedlings per hill to avoid the competition
between the plants directly after the mineral fertilization on the same day. The two
experiments were irrigated by flooding irrigation on the 18th, 35th, 51th, and 84th
day of the planting. Weeds were controlled by hand and hoeing on the 14th, 33th,
and 44th day of the planting. Finally, the crop was harvested on the 113th day of the
planting when 80–90% of the leaves and capsules turned to yellow.

2.5 Studied Traits

2.5.1 Vegetative Measurements

Three plants were randomly taken from the two central ridges of each plot through
different growth stages to determine the following attributes:

Total chlorophyll content (%) was measured on the 45th, 66th, and 78th day using
a hand-held dual-wavelength chlorophyll meter (SPAD 502;Minolta) [32].Whereas,
the dry weight of whole plant (g), the dry weight of shoot (g), the dry weight of root
(g), the dryweight ratio of shoot/root, leaf area ratio (cm2 mg−1), absolute growth rate
(mg day−1), and unit shoot rate (mg mg−1 day−1). For these attributes the different
parts of sesame plant were collected on the 46th, 63th, and 79th day, as well as dried
in the oven at 65 °C for three days to a constant weight.



Possibilities of Mineral Fertilizer Substitution Via Bio and … 269

2.6 Experimental Design

A randomized complete block design (RCBD) with three replications was utilized.
The experiment consisted of 21 plots for each season. Each plot consisted of 4 ridges,
0.60 m apart, and 3 m long (7.2 m2).

3 Results and Discussion

All treatments did significant impact on vegetative measurements, as well as the
treatment of 50% of mineral in interaction with 50% of compost attained the best
results, while the treatment of 100% of bioformulations attained the worst results in
both seasons.

3.1 Total Chlorophyll Content (%)

3.1.1 In the First Age

Results in Fig. 1 illustrated that the treatment of 100% of mineral (control treatment)
(T1) recorded the highest significant value (24.62%), but the treatment of 100% of
bioformulations (T3) recorded the least value (13.53%) in the first season. Results
in Fig. 2 illustrated that the treatment of 100% of mineral (control treatment) (T1)
recorded the highest value (19.11%), but the treatment of 100% of bioformulations
(T3) recorded the least value (12.79%) with significant difference between them in
the second season. Results in Fig. 3 illustrated that the treatment of 100% of mineral
(control treatment) (T1) recorded the highest significant value (21.87%), but the
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270 M. S. Abbas et al.

0

5

10

15

20

25

30

35

40

T1 T2 T3 T4 T5 T6 T7

T
ot

al
 c

hl
or

op
hy

ll 
co

nt
en

t (
%

)

Treatments

 45th day 66th day 78th day

Fig. 2 Effect of bio, organic, and mineral fertilizers on total chlorophyll content % in 2016 season
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Fig. 3 Effect of bio, organic, and mineral fertilizers on total chlorophyll content % in 2015 and
2016 seasons

treatment of 100% of bioformulations (T3) recorded the least value (13.16%) in both
seasons.

3.1.2 In the Second Age

Results in Fig. 1 illustrated that the treatment of 100%of bioformulations in combina-
tion with 50% of mineral (T5) recorded the highest value (42.22%), but the treatment
of 100% of compost (T2) recorded the least value (21.86%) with significant differ-
ence between them in the first season. On the other hand, Abdel-Sabour and Abo
El-Seoud [11] found that the combination of the two organic wastes of compost viz.,
biosolids + water hyacinth positively impacted and recorded a maximum value of
total chlorophyll content plant−1 in a sandy soil. Results in Fig. 2 illustrated that
the treatment of 100% of bioformulations combined with 33% of compost and 33%
of mineral (T7) recorded the highest value (32.23%), but the treatment of 100% of
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bioformulations (T3) recorded the least value (19.20%) with significant difference
between them in the second season. Results in Fig. 3 illustrated that the treatment
of 100% of bioformulations in combination with 50% of mineral (T5) recorded the
highest value (35.84%), but the treatment of 100% of bioformulations (T3) recorded
the least value (21.25%) with significant difference between them in both seasons.

3.1.3 In the Third Age

Results in Fig. 1 illustrated that the treatment of 100% of bioformulations in combi-
nation with 50% of mineral (T5) recorded the highest significant value (36.90%), but
the treatment of 100% of bioformulations (T3) recorded the least value (19.33%) in
the first season. Results in Fig. 2 illustrated that the treatment of 50% of mineral in
interaction with 50% of compost (T4) recorded the highest value (37.80%), but the
treatment of 100% of bioformulations (T3) recorded the least value (21.45%) with
significant difference between them in the second season. Results in Fig. 3 illustrated
that the treatment of 100% of bioformulations in combination with 50% of mineral
(T5) recorded the highest value (33.14%), but the treatment of 100% of bioformu-
lations (T3) recorded the least value (20.39%) with significant difference between
them in both seasons.

3.2 The Dry Weight of Whole Plant (g)

3.2.1 In the First Age

Results in Fig. 4 indicated that the treatment of 100% of mineral (control treatment)
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Fig. 5 Effect of bio, organic, and mineral fertilizers on the dry weight of whole plant (g) in 2016
season

(T1) attained amaximumvalue (8.17 g), but the treatment of 100%of bioformulations
(T3) attained a minimum value (4.89 g) with significant difference between them
in the first season. This result deviated from those obtained by Kumar et al. [33]
who found that the inoculated seeds by PGPR Pseudomonas aeruginosa (LES4)
significantly increased the dry weight of shoot and root. Results in Fig. 5 indicated
that the treatment of 100% of bioformulations mixed with 50% of compost (T6)
attained a maximum value (7.73 g), but the treatment of 100% of bioformulations
(T3) attained a minimum value (5.64 g) without significant difference between them
and the other treatments in the second season. On the other hand, Sabannavar and
Lakshman [34], Sabannavar andLakshman [35] noticed that the interaction of the two
varieties viz., DS 1 and E 8 × the inoculation of Glomus fasciculatum (Thax. sensu
Gerd.) Gerd. (Gf), Azotobacter chroococcum (Ac), and Pseudomonas fluorescens
(Pf) or the interaction of TSES 1 variety × the inoculation of Gf, Ac, and Pf or the
interaction of TSES 4 variety × the inoculation of Acaulospora laevis, Ac, and Pf
significantly increased the dry weight of shoot and root in a sandy loam soil. Results
in Fig. 6 indicated that the treatment of 100% of mineral (control treatment) (T1)
attained a maximum value (7.60 g), but the treatment of 100% of bioformulations
(T3) attained a minimum value (5.27 g) with significant difference between them in
both seasons.

3.2.2 In the Second Age

Results in Fig. 4 indicated that the treatment of 100% of bioformulations in combi-
nation with 50% of mineral (T5) attained a maximum value (15.54 g), but the treat-
ment of 100% of bioformulations (T3) attained a minimum value (10.48 g) without
significant difference between them and the other treatments in the first season.
This result is in accordance with those obtained by Kumar et al. [36] who noticed
that the combination of the inoculated seeds by Pseudomonas aeruginosa (LPT5)
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Fig. 6 Effect of bio, organic, and mineral fertilizers on the dry weight of whole plant (g) in 2015
and 2016 seasons

+ 50% of NPKS i.e., 60 kg urea:15 kg diammonium phosphate:15 kg muriate of
potash:30 kg gypsum ha−1 gave the highest values of the dry weight of shoot and
root in a sandy loam soil. Moreover, Dubey et al. [14] indicated that the inoculated
seeds by Azotobacter chroococcum (AZO2) in combination with 50% of NPKS i.e.,
60 kg urea:15 kg diammonium phosphate:15 kg muriate of potash:30 kg gypsum
ha−1 gave the highest values of the dry weight of shoot and root in a sandy loam soil.
This result deviated from those obtained by Maheshwari et al. [37] who noticed that
the inoculated seeds via Azotobacter chroococcum (TRA2) significantly increased
the dry weight of shoot and root in a sandy loam soil. Results in Fig. 5 indicated that
the treatment of 100% of mineral (control treatment) (T1) attained a maximum value
(17.19 g), but the treatment of 100% of bioformulations (T3) attained a minimum
value (7.10 g) with significant difference between them in the second season. On the
other hand, Ahmed et al. [10] found that the inoculation of 350 kg bio-NP fertilizer
viz., B. polymyxa, Azotobacter spp., 3 g/100 kg boron active, 200 g/100 kg P2O5,
4000 g/100 kg calcium, and bio-stimulator fed−1 significantly increased the total dry
weight plant−1. Results in Fig. 6 indicated that the treatment of 100% of mineral
(control treatment) (T1) attained a maximum value (15.76 g), but the treatment of
100% of bioformulations (T3) attained a minimum value (8.79 g) with significant
difference between them in both seasons.

3.2.3 In the Third Age

Results in Fig. 4 indicated that the treatment of 50% of mineral in interaction with
50% of compost (T4) attained a maximum and significant value (104.47 g), but the
treatment of 100% of mineral (control treatment) (T1) attained a minimum value
(38.26 g) in the first season. This result is in parallel with those obtained by Yadav
et al. [38] who noticed that the interaction of the two organic manures i.e., 2.5 ton
farmyard manure ha−1 with 0.5 ton need cake ha−1 × 40 kg N:20 kg P:20 kg K:30 kg



274 M. S. Abbas et al.

S:20 kg zinc sulfate:25 kg ferrous sulfate ha−1 significantly increased the dry weight
plant−1 in a sandy clay soil. Results in Fig. 5 indicated that the treatment of 100%
of compost (T2) attained a maximum value (88.22 g), but the treatment of 100%
of bioformulations mixed with 50% of compost (T6) attained a minimum value
(42.89 g) with significant difference between them in the second season. It could be
due to the high content of ammoniacal nitrogen—NH4+ (383 ppm), organic matter
(39.65%), and organic carbon (22.99%) in compost. This result is in harmony with
those obtained byNurhayati et al. [39] whomentioned that the addition of 30 ton cow
manure ha−1 on white sesame gave a maximum value of the dry weight of plant in
a coastal sandy soil. Results in Fig. 6 indicated that the treatment of 50% of mineral
in interaction with 50% of compost (T4) attained a maximum and significant value
(92.87 g), but the treatment of 100% of mineral (control treatment) (T1) attained a
minimum value (45.08 g) in both seasons. This result is in accordance with those
obtained by Haruna [40], Haruna et al. [41] who found that the combination of 15 ton
poultry manure ha−1 and 60 kg urea ha−1 recorded a maximum value of the total dry
weight plant−1.

3.3 The Dry Weight of Shoot (g)

3.3.1 In the First Age

Results in Fig. 7 showed that the treatment of 100% of mineral (control treatment)
(T1) gave the highest value (5.78 g), but the treatment of 100% of bioformulations
(T3) gave the least value (3.71 g) with significant difference between them in the
first season. This result is in parallel with that obtained by Abou-Taleb [42] who
stated that the addition of 40 kg urea fed−1 gave the highest value of the dry weight
of shoot in the second season under clay loam soil conditions. This result deviated
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Fig. 7 Effect of bio, organic, and mineral fertilizers on the dry weight of shoot (g) in 2015 season
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from those obtained by Kumar et al. [33] who found that the inoculated seeds by
PGPR Pseudomonas aeruginosa (LES4) significantly increased the dry weight of
shoot in a sandy loam soil. Results in Fig. 8 showed that the treatment of 100% of
bioformulations combined with 33% of compost and 33% of mineral (T7) gave the
highest value (5.79 g), but the treatment of 50% of mineral in interaction with 50%
of compost (T4) gave the least value (3.62 g) with significant difference between
them in the second season. Results in Fig. 9 showed that the treatment of 100% of
bioformulations combined with 33% of compost and 33% of mineral (T7) gave the
highest value (5.49 g), but the treatment of 100% of bioformulations (T3) gave the
least value (3.87 g) with significant difference between them in both seasons. On the
other hand, Sabannavar and Lakshman [34, 35] noticed that the interaction of the two
varieties viz., DS 1 and E 8 × the inoculation of Glomus fasciculatum (Thax. sensu
Gerd.) Gerd. (Gf), Azotobacter chroococcum (Ac), and Pseudomonas fluorescens
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Fig. 8 Effect of bio, organic, and mineral fertilizers on the dry weight of shoot (g) in 2016 season
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(Pf) or the interaction of TSES 1 variety × the inoculation of Gf, Ac, and Pf or the
interaction of TSES 4 variety × the inoculation of Acaulospora laevis, Ac, and Pf
significantly increased the dry weight of shoot in a sandy loam soil.

3.3.2 In the Second Age

Results in Fig. 7 showed that the treatment of 100% of bioformulations mixed with
50% of compost (T6) gave the highest value (12.81 g), but the treatment of 100%
of bioformulations (T3) gave the least value (10.02 g) without significant difference
between them and the other treatments in the first season. This result deviated from
that obtained by Abou-Taleb [42] who stated that the inoculation of 400 g Azospir-
illum brasilense fed−1 resulted in an increase in the dry weight of shoot in the first
season under clay loam soil conditions. Results in Fig. 8 showed that the treatment of
100% ofmineral (control treatment) (T1) gave the highest significant value (15.87 g),
but the treatment of 100% of bioformulations (T3) gave the least value (5.71 g) in the
second season. This result is in harmony with those obtained by Boghdady et al. [2]
who found that increasing N-levels from 50 to 100 and 200 kg ammonium sulfate
fed−1 with increasing P-levels from 50 to 100 and 200 kg calcium superphosphate
fed−1 significantly increased the dry weight of shoot plant−1 of Shandaweel-3 cv. in a
clay loam soil. On the other hand, Maheshwari et al. [37] noticed that the inoculated
seeds via Azotobacter chroococcum (TRA2) significantly increased the dry weight
of shoot in a sandy loam soil. Results in Fig. 9 showed that the treatment of 100% of
mineral (control treatment) (T1) gave the highest value (13.07 g), but the treatment of
100% of bioformulations (T3) gave the least value (7.86 g) with significant difference
between them in both seasons. This result is in accordance with those obtained by
Siddik et al. [9] who pointed out that the addition of 60 or 120 kg N ha−1 recorded a
maximum and significant value of the dry weight of shoot in a sandy loam soil. This
result deviated from those obtained by Kumar et al. [12] who noticed that the inocu-
lation of Azotobacter and phosphate solubilizing bacteria together or the individual
inoculation with Azo resulted in an increase in the dry weight of shoot.

3.3.3 In the Third Age

Results in Fig. 7 showed that the treatment of 50% of mineral in interaction with
50% of compost (T4) gave the highest significant value (87.90 g), but the treatment
of 100% of mineral (control treatment) (T1) gave the least value (33.35 g) in the first
season. On the other hand, Boghdady et al. [2] found that increasing N-levels from 50
to 100 and200kg ammoniumsulfate fed-1 with increasingP-levels from50 to 100 and
200 kg calcium superphosphate fed−1 significantly increased the dry weight of shoot
plant−1 of Shandaweel-3 cv. in a clay loam soil. Furthermore, Siddik et al. [9] pointed
out that the addition of 60 or 120 kg N ha−1 recorded a maximum and significant
value of the dry weight of shoot in a sandy loam soil. Results in Fig. 8 showed that the
treatment of 100% of compost (T2) gave the highest value (74.70 g), but the treatment
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of 100% of bioformulations mixed with 50% of compost (T6) gave the least value
(34.23 g) with significant difference between them in the second season. It could be
due to the high content of ammoniacal nitrogen—NH4+ (383 ppm), organic matter
(39.65%), and organic carbon (22.99%) in compost. Results in Fig. 9 showed that
the treatment of 50% of mineral in interaction with 50% of compost (T4) gave the
highest significant value (78.32 g), but the treatment of 100% of bioformulations
mixed with 50% of compost (T6) gave the least value (43.32 g) in both seasons.

3.4 The Dry Weight of Root (g)

3.4.1 In the First Age

Results in Fig. 10 displayed that the treatment of 100% of bioformulations combined
with 33% of compost and 33% of mineral (T7) gave the highest value (2.12 g),
but the treatment of 100% of bioformulations (T3) gave the least value (1.26 g)
with significant difference between them in the first season. This result deviated
from those obtained by Kumar et al. [33] who found that the inoculated seeds by
PGPR Pseudomonas aeruginosa (LES4) significantly increased the dry weight of
root in a sandy loam soil. Results in Fig. 11 displayed that the treatment of 100%
of mineral (control treatment) (T1) gave the highest value (2.26 g), but the treatment
of 100% of bioformulations in combination with 50% of mineral (T5) gave the least
value (1.39 g) with significant difference between them in the second season. This
result is in parallel with those obtained by Siddik et al. [9] who pointed out that the
addition of 60 kg N ha−1 gave a maximum and significant value of the dry weight
of root in a sandy loam soil. On the other hand, Kumar et al. [36] noticed that the
combination of the inoculated seeds by Pseudomonas aeruginosa (LPT5)+ 50% of
NPKS i.e., 60 kg urea:15 kg diammonium phosphate:15 kg muriate of potash:30 kg
gypsum ha−1 gave the highest value of the dry weight of root in a sandy loam soil.
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Fig. 10 Effect of bio, organic, and mineral fertilizers on the dry weight of root (g) in 2015 season
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Fig. 11 Effect of bio, organic, and mineral fertilizers on the dry weight of root (g) in 2016 season

Results in Fig. 12 displayed that the treatment of 100% of bioformulations combined
with 33% of compost and 33% of mineral (T7) gave the highest value (2.03 g), but
the treatment of 100% of bioformulations (T3) gave the least value (1.52 g) with
significant difference between them in both seasons. This result deviated from those
obtained by Sabannavar and Lakshman [34], Sabannavar and Lakshman [35] who
noticed that the interaction of the two varieties viz., DS 1 and E 8 × the inoculation
of Glomus fasciculatum (Thax. sensu Gerd.) Gerd. (Gf), Azotobacter chroococcum
(Ac), and Pseudomonas fluorescens (Pf) or the interaction of TSES 1 variety × the
inoculation of Gf, Ac, and Pf or the interaction of TSES 4 variety × the inoculation
of Acaulospora laevis, Ac, and Pf significantly increased the dry weight of root in a
sandy loam soil.
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Fig. 12 Effect of bio, organic, and mineral fertilizers on the dry weight of root (g) in 2015 and
2016 seasons
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3.4.2 In the Second Age

Results in Fig. 10 displayed that the treatment of 100% of bioformulations in combi-
nation with 50% of mineral (T5) gave the highest value (4.00 g), but the treatment
of 100% of bioformulations (T3) gave the least value (1.98 g) with significant differ-
ence between them in the first season. This result is in harmony with those obtained
by Kumar et al. [36] who noticed that the combination of the inoculated seeds by
Pseudomonas aeruginosa (LPT5) + 50% of NPKS i.e., 60 kg urea:15 kg diammo-
nium phosphate:15 kg muriate of potash:30 kg gypsum ha−1 gave the highest value
of the dry weight of root in a sandy loam soil. Additionally, Dubey et al. [14] indi-
cated that the inoculated seeds by Azotobacter chroococcum (AZO2) in combination
with 50% of NPKS i.e., 60 kg urea:15 kg diammonium phosphate:15 kg muriate
of potash:30 kg gypsum ha−1 gave the highest value of the dry weight of root in a
sandy loam soil. On the other hand,Maheshwari et al. [37] noticed that the inoculated
seeds via Azotobacter chroococcum (TRA2) significantly increased the dry weight
of root in a sandy loam soil. Results in Fig. 11 displayed that the treatment of 100%
of mineral (control treatment) (T1) gave the highest value (4.94 g), but the treatment
of 100% of bioformulations in combination with 50% of mineral (T5) gave the least
value (2.06 g) with significant difference between them in the second season. This
result deviated from those obtained by Sabannavar and Lakshman [43] who noticed
that the combination of TSES 4 variety+ the inoculation by Acaulospora laeviswith
Pseudomonas striata+ 30 kg dose of rock phosphate ha−1 significantly affected the
dry weight of root in a sandy loam soil. Moreover, Dubey et al. [14] indicated that the
inoculated seeds by Azotobacter chroococcum (AZO2) in combination with 50% of
NPKS i.e., 60 kg urea:15 kg diammonium phosphate:15 kg muriate of potash:30 kg
gypsum ha−1 gave the highest value of the dry weight of root in a sandy loam soil.
Results in Fig. 12 displayed that the treatment of 100% ofmineral (control treatment)
(T1) gave the highest value (4.19 g), but the treatment of 100% of bioformulations
(T3) gave the least value (2.10 g) with significant difference between them in both
seasons.

3.4.3 In the Third Age

Results in Fig. 10 displayed that the treatment of 50% of mineral in interaction with
50% of compost (T4) gave the highest value (13.88 g), but the treatment of 100% of
bioformulations (T3) gave the least value (6.91 g) with significant difference between
them in the first season. Results in Fig. 11 displayed that the treatment of 100% of
mineral (control treatment) (T1) gave the highest value (15.11 g), but the treatment of
100% of bioformulations (T3) gave the least value (6.10 g) with significant difference
between them in the second season. Results in Fig. 12 displayed that the treatment
of 50% of mineral in interaction with 50% of compost (T4) gave the highest value
(13.13 g), but the treatment of 100% of bioformulations (T3) gave the least value
(6.51 g) without significant difference between them and the other treatments in both
seasons.
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3.5 The Dry Weight Ratio of Shoot/Root

3.5.1 In the First Age

Results in Fig. 13 illustrated that the treatment of 100%ofmineral (control treatment)
(T1) recorded amaximum value (5.04), but the treatment of 100% of bioformulations
mixed with 50% of compost (T6) recorded a minimum value (2.13) with significant
difference between them in the first season. Results in Fig. 14 illustrated that the treat-
ment of 100% of bioformulations in combination with 50% of mineral (T5) recorded
a maximum value (3.10), but the treatment of 50% of mineral in interaction with
50% of compost (T4) recorded a minimum value (2.04) with significant difference
between them in the second season. Results in Fig. 15 illustrated that the treatment
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Fig. 13 Effect of bio, organic, and mineral fertilizers on the dry weight ratio of shoot/root in 2015
season
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Fig. 15 Effect of bio, organic, and mineral fertilizers on the dry weight ratio of shoot/root in 2015
and 2016 seasons

of 100% of mineral (control treatment) (T1) recorded a maximum value (3.59), but
the treatment of 100% of bioformulations mixed with 50% of compost (T6) recorded
a minimum value (2.35) without significant difference between them and the other
treatments in both seasons.

3.5.2 In the Second Age

Results in Fig. 13 illustrated that the treatment of 100% of bioformulations (T3)
recorded a maximum value (5.18), but the treatment of 100% of bioformulations
in combination with 50% of mineral (T5) recorded a minimum value (2.83) with
significant difference between them in the first season. Results in Fig. 14 illustrated
that the treatment of 50%ofmineral in interactionwith 50%of compost (T4) recorded
amaximum value (4.11), but the treatment of 100% of bioformulations (T3) recorded
a minimum value (2.81) without significant difference between them and the other
treatments in the second season. Results in Fig. 15 illustrated that the treatment of
100% of bioformulations (T3) recorded a maximum value (4.00), but the treatment
of 100% of bioformulations combined with 33% of compost and 33% of mineral
(T7) recorded a minimum value (3.10) without significant difference between them
and the other treatments in both seasons.

3.5.3 In the Third Age

Results in Fig. 13 illustrated that the treatment of 50% of mineral in interaction with
50% of compost (T4) recorded amaximum value (6.79), but the treatment of 100% of
compost (T2) recorded a minimum value (4.04) with significant difference between
them in the first season. Results in Fig. 14 illustrated that the treatment of 100%
of compost (T2) recorded a maximum value (7.93), but the treatment of 100% of
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mineral (control treatment) (T1) recorded a minimum value (4.45) with significant
difference between them in the second season. It could be due to the high content
of ammoniacal nitrogen—NH4+ (383 ppm), organic matter (39.65%), and organic
carbon (22.99%) in compost. Results in Fig. 15 illustrated that the treatment of 100%
of bioformulations (T3) recorded amaximum value (6.91), but the treatment of 100%
of mineral (control treatment) (T1) recorded a minimum value (4.76) with significant
difference between them in both seasons.

3.6 Leaf Area Ratio (cm2 mg−1)

3.6.1 The Relationship Between First and Second Age

Results in Fig. 16 indicated that the treatment of 100%of bioformulationsmixedwith
50%of compost (T6) achieved the highest value (0.0026 cm2 mg−1), but the treatment
of 100% of bioformulations (T3) achieved the least value (0.0014 cm2 mg−1) with
significant difference between them in the first season. Results in Fig. 17 indicated
that the treatment of 50%ofmineral in interactionwith 50%of compost (T4) achieved
the highest value (0.0022 cm2 mg−1), but the treatment of 100% of bioformulations
mixedwith 50% of compost (T6) achieved the least value (0.0016 cm2 mg−1) without
significant difference between them and the other treatments in the second season.
Results in Fig. 18 indicated that the treatment of 100%of bioformulationsmixedwith
50%of compost (T6) achieved the highest value (0.0021 cm2 mg−1), but the treatment
of 100% of bioformulations combinedwith 33% of compost and 33% ofmineral (T7)
achieved the least value (0.0017 cm2 mg−1) without significant difference between
them and the other treatments in both seasons.
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Fig. 16 Effect of bio, organic, and mineral fertilizers on leaf area ratio (cm2 mg−1) in 2015 season
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Fig. 17 Effect of bio, organic, and mineral fertilizers on leaf area ratio (cm2 mg−1) in 2016 season
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Fig. 18 Effect of bio, organic, and mineral fertilizers on leaf area ratio (cm2 mg−1) in 2015 and
2016 seasons

3.6.2 The Relationship Between Second and Third Age

Results in Fig. 16 indicated that the treatment of 100% of mineral (control treatment)
(T1) achieved the highest value (0.0014 cm2 mg−1), but the treatment of 100% of
bioformulations (T3) achieved the least value (0.0010 cm2 mg−1) without significant
difference between them and the other treatments in the first season. This result is in
accordance with those obtained by Kalegore et al. [44] who reported that the addition
of 30 kg P2O5 ha−1 attained the highest significant value of leaf area plant−1 in a
clay soil. Results in Fig. 17 indicated that the treatment of 100% of bioformulations
(T3) achieved the highest value (0.0015 cm2 mg−1), but the treatment of 50% of
mineral in interactionwith 50% of compost (T4) achieved the least value (0.0009 cm2

mg−1) with significant difference between them in the second season. Results in
Fig. 18 indicated that the treatment of 100% of bioformulations in combination
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with 50% of mineral (T5) achieved the highest value (0.0014 cm2 mg−1), but the
treatment of 50% of mineral in interaction with 50% of compost (T4) achieved the
least value (0.0010 cm2 mg−1) without significant difference between them and the
other treatments in both seasons.

3.7 Absolute Growth Rate (mg day−1)

3.7.1 The Relationship Between First and Second Age

Results in Fig. 19 showed that the treatment of 100% of bioformulations in combi-
nation with 50% of mineral (T5) attained a maximum value (15,167.32 mg day−1),
but the treatment of 100% of bioformulations (T3) attained a minimum value
(10,190.20 mg day−1) without significant difference between them and the other
treatments in the first season. Results in Fig. 20 showed that the treatment of 100%
of mineral (control treatment) (T1) attained a maximum value (16,775.16 mg day−1),
but the treatment of 100% of bioformulations (T3) attained a minimum value
(6768.10 mg day−1) with significant difference between them in the second season.
Results in Fig. 21 showed that the treatment of 100% of mineral (control treatment)
(T1) attained a maximum value (15,314.05 mg day−1), but the treatment of 100% of
bioformulations (T3) attained a minimum value (8479.15 mg day−1) with significant
difference between them in both seasons.
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Fig. 20 Effect of bio, organic, and mineral fertilizers on absolute growth rate (mg day−1) in 2016
season
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Fig. 21 Effect of bio, organic, and mineral fertilizers on absolute growth rate (mg day−1) in 2015
and 2016 seasons

3.7.2 The Relationship Between Second and Third Age

Results in Fig. 19 showed that the treatment of 50%ofmineral in interactionwith 50%
of compost (T4) attained a maximum and significant value (103,542.57 mg day−1),
but the treatment of 100% of mineral (control treatment) (T1) attained a minimum
value (37,359.17mgday−1) in thefirst season.Results in Fig. 20 showed that the treat-
ment of 100% of compost (T2) attained a maximum value (87,610.21 mg day−1), but
the treatment of 100% of bioformulations mixed with 50% of compost (T6) attained
a minimum value (41,919.31 mg day−1) with significant difference between them
in the second season. It could be due to the high content of ammoniacal nitrogen—
NH4+ (383 ppm), organicmatter (39.65%), and organic carbon (22.99%) in compost.
Results in Fig. 21 showed that the treatment of 50%ofmineral in interactionwith 50%
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Fig. 22 Effect of bio, organic, and mineral fertilizers on unit shoot rate (mg mg−1 day−1) in 2015
season

of compost (T4) attained a maximum and significant value (91,927.43 mg day−1),
but the treatment of 100% of mineral (control treatment) (T1) attained a minimum
value (44,092.43 mg day−1) in both seasons.

3.8 Unite Shoot Rate (mg mg−1 day−1)

3.8.1 The Relationship Between the First and Second Age

Results in Fig. 22 displayed that the treatment of 100% of bioformulations in combi-
nationwith 50%ofmineral (T5) recorded the highest value (0.92mgmg−1 day−1), but
the treatment of 100%of bioformulations (T3) recorded the least value (0.69mgmg−1

day−1) without significant difference between them and the other treatments in the
first season. Results in Fig. 23 displayed that the treatment of 50% of mineral in
interaction with 50% of compost (T4) recorded the highest value (1.00 mg mg−1

day−1), but the treatment of 100% of bioformulations (T3) recorded the least value
(0.62mgmg−1 day−1) with significant difference between them in the second season.
Results in Fig. 24 displayed that the treatment of 50% of mineral in interaction with
50% of compost (T4) recorded the highest value (0.90 mg mg−1 day−1), but the
treatment of 100% of bioformulations (T3) recorded the least value (0.66 mg mg−1

day−1) with significant difference between them in both seasons.

3.8.2 The Relationship Between Second and Third Age

Results in Fig. 22 displayed that the treatment of 50% of mineral in interaction with
50% of compost (T4) recorded the highest significant value (1.18 mg mg−1 day−1),
but the treatment of 100% of mineral (control treatment) (T1) recorded the least



Possibilities of Mineral Fertilizer Substitution Via Bio and … 287

0

0.2

0.4

0.6

0.8

1

1.2

1.4

T1 T2 T3 T4 T5 T6 T7U
ni

t s
ho

ot
 r

at
e 

(m
g 

m
g-1

da
y-1

)

Treatments

46th & 63th day 63th & 79th day

Fig. 23 Effect of bio, organic, and mineral fertilizers on unit shoot rate (mg mg−1 day−1) in 2016
season
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Fig. 24 Effect of bio, organic, and mineral fertilizers on unit shoot rate (mg mg−1 day−1) in 2015
and 2016 seasons

value (0.83 mg mg−1 day−1) in the first season. Results in Fig. 23 displayed that the
treatment of 100%of compost (T2) recorded the highest value (1.29mgmg−1 day−1),
but the treatment of 100% ofmineral (control treatment) (T1) recorded the least value
(0.65mgmg−1 day−1) with significant difference between them in the second season.
It could be due to the high content of ammoniacal nitrogen—NH4+ (383 ppm),
organic matter (39.65%), and organic carbon (22.99%) in compost. Results in Fig. 24
displayed that the treatment of 50% of mineral in interaction with 50% of compost
(T4) recorded the highest value (1.15 mg mg−1 day−1), but the treatment of 100%
of mineral (control treatment) (T1) recorded the least value (0.74 mg mg−1 day−1)
with significant difference between them in both seasons.
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4 Conclusion

It can be concluded that the mineral fertilizer was partially replaced by the treatment
of 50% of mineral in interaction with 50% of compost gave the highest values of
the dry weight of whole plant (g), the dry weight of shoot (g), absolute growth
rate (mg day−1), and unit shoot rate (mg mg−1 day−1) in the first season. Also, the
treatment of 50% of mineral in interaction with 50% of compost attained maximum
values of absolute growth rate (mg day−1) and unit shoot rate (mgmg−1 day−1) in the
second season and in both seasons. Treatment of 100% of bioformulations recorded
the highest value of the dry weight ratio of shoot/root in the first season and in both
seasons. Treatment of 100% of bioformulations in combination with 50% of mineral
achieved a maximum value of total chlorophyll content (%) in the first season and in
both seasons. Treatment of 100% of bioformulations combined with 33% of compost
and 33% of mineral gave a maximum value of the dry weight of root (g) in the first
season and in both seasons.

5 Recommendations

It can be recommended that the treatment of the treatment of 50% of mineral in
interaction with 50% of compost was the best treatment for the dry weight of whole
plant (g), the dry weight of shoot (g), absolute growth rate (mg day−1), and unit
shoot rate (mgmg−1 day−1) in the first season. Also, the treatment of 50% of mineral
in interaction with 50% of compost was the best treatment for absolute growth rate
(mg day−1) and unit shoot rate (mg mg−1 day−1) in the second season and in both
seasons.
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Animal and Rangeland Resources
in Shalatin–Abou Ramad—Halaib
Triangle Region, Red Sea Governorate,
Egypt: An Overview

Hassan M. El Shaer

Abstract Shalatin–Abou Ramad—Halaib Triangle Region (SAHTR) has vital and
strategic importance to Egypt. It is located at the southeastern corner of Red Sea
governorate. It is characterized by broad biodiversity of both plant and animal
resources. Income of most of the inhabitants in the triangle depends basically on
raising, trading, and marketing of animals (mainly camels, goats and sheep). Raising
such animal species is the most important economic activity for the majority of local
Bedouins though coal manufacture and medicinal plants trading are practiced by few
of theBashaari people. Livestock production systemsmainly depend on natural vege-
tation of rangelands in SAHTR. Seasonal fluctuations cause a periodical restriction
in feed quality and quantity. Sheep, goats, and camels are main ruminants species in
the region. Themajority of offspring are born in late winter and spring seasons, while
they are weaned towards the warm and dry season with insufficiently high-quality
forage available as the fodder quality decreases and the available feed does not fully
meet the nutrient requirements for early growth. There are numerous constraints that
affect animal performance, trading and marketing. Therefore, the article focuses on
classification and identification of both animal and ranges resources in the region
that are critically needed to raise the social life and income of local inhabitants.
General current features of animal and rangeland resources, main factors affecting
animal and range production resources, constraints of animal resource production in
the SAHTR and the suggested policies and strategies are also stressed.

Keywords SAHTR · Red sea governorate · Inhabitants · Livestock · Rangelands ·
Forage · Biodiversity · Egypt · Shalatin-Halaib

1 Introduction

Red Sea Governorate is one of the most promising regions in Egypt which covers
an area of about 204,000 km2 representing around 20% of Egypt’s territory. It is
located between Nile Valley in the west and the Red Sea in the east and stretching
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the Sudanese borders in the south. It is characterized, in general, by irregular scarcity
rainfall, with an annual average of 80 mm. It is, also, characterized by eroded valleys
system (so-calledWadies). Thewadies are rendered as involvingdynamic ecosystems
and are comprised of a highly interconnected series of watershed complexes that are
vital water resources as well as flora biodiversity and refuge for different mammals
species. The north of the Red Sea Governorate (RSG) is well developed due to oil
and tourism activities. The south part is Shalatin–Abou Ramad—Halaib Triangle
Region (SAHTR) which starts from South of Mersa Alam up to Hederba valley and
Elba mountain, nearby the Sudanese borders and represents more than two-thirds
of the RSG. The SAHTR has the highest incidence of poverty in Egypt which is
further compounded by serious problems of unemployment, lack of health services,
and education facilities [1]. Raising sheep, camel, and goats is the most important
economic activity of the local Bedouins. The region is also an important trading
centre for camels from Sudan sold to Egyptian merchants. Coal manufacture and
trading in medicinal plants are practiced by few Bashaari people. Bedouin women
make rugs and blankets from hair and wool [2].

Rainfall in Shalatin–Abou Ramad—Halaib Triangle Region (SAHTR) is the
limiting factor that affects all agriculture practices. It is highly variable in time and
place with no specific pattern, but most rains occur in spring and autumn. Therefore,
the farming system is defined as a drylands farming system where limited areas of
grain sorghum and millet are cultivated on wadi runoff for food and feed, especially
in wadi Sufera (Shalatin) and Deieb (Abo Ramad) and in small mountain catchments
[1, 3].

Attention has been recently directed the Government of Egypt towards improving
and ‘developing the animal resources in the Triangle region’ [4–7]. It is aimed at
improving the economic and social circumstances of the existing population in
the Red Sea governorate as it moves forward towards achieving its millennium
development goals including those related to hunger and poverty.

This chapter aims to throw lights on animal and natural range resources in
Shalatin–Abou Ramad—Halaib Triangle Region (SAHTR) to identify the potential-
ities of animal and rangeland resources; main constraints and problems that would
help in planning specific strategies for developing animal production in the region
and enhancing local Bedouins welfare.

2 Features of Shalatin–Abou Ramad—Halaib Region
(SAHTR)

The Eastern Desert of Egypt is approximately 275,000 km2 which represents about
one-quarter of the total territorial area of Egypt. It is located between the Red Sea in
the east and the Nile River in the west. It is the eastern gate of Egypt. It has coasts
extend for more than 1080 km on the Red Sea. It represents one-eighth of the whole
area of Egypt. The RSG is bordered on the North by the Suez Governorate. Its East
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boundary is the Red Sea. The governorates of Aswan, Qena, Sohag, Assiut, al-Minia
and Beni Suef are its West boundary. The SAHTR is bordered by the Red Sea State
of Sudan from the South.

Shalatin–Abou Ramad—Halaib Triangle Region (SAHTR), belongs to Red Sea
Governorate, is located in the south eastern corner of the Eastern desert which occu-
pies approximately 18,000 km2. The region has vital and strategic importance to
Egypt. It looks like a triangle with a bottom side of about 300 km parallel to 22°
latitude (Egyptian-Sudanese borders). The top point of the triangle is located at the
Red Sea nearby the Shalatain well. It across of Jeddah in Saudi Arabia; thus Africa
and Asia could be connected at this point. The Triangle region is a mountainous
desert with several valleys dissecting mountains. Total surface area of the coastal
plain representing the deltas of several wadis draining the region is about 6000 km2.
Rainfall sometimes starts from October up to March; it is erratic and unpredictable.

Shalatin, Abu Ramad and Halaib cities, mainly are located at the Red Sea coast
and are considered the most important cities of the region. The majority of the popu-
lation is semi-nomadic which composed of two main tribes of the Beja: Ababda in
the northern section and Besharia in the south. Each tribe consists of clans, which
trace their descent from a single ancestor. These people are characterized by very
low income, low level of education, if any, frequent health problems and high infant
mortality rates [1]. They lack the basic skills necessary to pursue alternative liveli-
hoods and have become increasingly impoverished. Due to harsh climatic condi-
tions, low and erratic rainfall precipitation and lack of knowledge, there is no any
traditional agriculture activities [8]. The major income and food source have been
traditionally through nomadic animal husbandry and trading. A part from livestock,
other traditional sources of income are charcoal, wild honey, medicinal herbs, and
seeds collection. A combination of severing long-lasting drought and loss of access
to traditional grazing area has dramatically undetermined the continued viability of
their nomadic pastoralist way of life. Most of them loose their animals and become
extremely poor and food insecure, with high levels of malnutrition amongst women
and children. Several preliminary surveys, conducted by the researchers of the Desert
Research Center, Egypt [1, 9] indicated that there are, too some extents, potential
fertile soils and ground water storage which are available in some areas in the region,
particularly inQusair and Safaga areas. However, thesewaters needmore exploration
and proper exploitation.

Concerning the location and geomorphology of Shalatin–Abou Ramad—Halaib
Triangle Region (SAHTR), the land next to the Red Sea in Egypt is generally moun-
tainous, feactured on the western side by the range of coastal mountains (1705–
2187 m amsl). Between the shoreline and the mountains extends a gently sloping
sand plain varies inwidth and is dissected by series ofwadis running eastward to drain
their waters into the sea. The climatic features of the region, generally, those affect
the Red Sea basin show uniformity throughout the year which may be divided into
twomain seasons: cool and hot seasons.Winter usually extends frommid-October to
mid-April and summer frommid-April tomid-September. Themean dailymaximum
temperature in January (winter) ranges from 20 °C in the far north to about 29 °C
in the far south. The corresponding July (summer) figures being 35 °C and 40 °C,
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respectively. In winter, lower night temperature resulting from the prevailing cool
wind provides relief from the heat of the day. Rainfall is deficient throughout the
Red Sea coast. The mean annual rainfall of the Red Sea shoreline in Egypt generally
ranges between 3 mm up to 30 mm. Precipitation in Gebel Elba range may reach
60–100 mm/year. The erratic rainfall, which characterizes the arid areas, is obvious
along the Red Sea coast. It is highly variable in time and place with no specific
pattern, but most rains occur in spring and autumn. No accurate rainfall records are
available, but since the region represents an extension of the Sudanese savanna, rain-
fall is expected to be abundant in some years especially to the south [10]. The only
source of surface water is the thunderstorms on the Red Sea Mountains leading to
the accumulation of strong wadi flows every 3–4 years. Mean annual minimum and
maximum temperature are respectively 10 and 34 °C. During winter (October–April)
temperature varies from 19 to 28.8 °C which is suitable for new vegetation growth
with high biomass production.

3 Animal Production Resources in the SAHTR

Total numbers of animals (cows, buffaloes, sheep, goats and camels) in the desert
governorates in Egypt are presented in Table 1 during years 2010, 2012 and 2017.

It seems that there some fluctuation in animal species numbers from year to year
and between governorates as well. Such fluctuations may be due, mainly, to some
environmental factors in particular rate, distribution and duration of rainfalls which
affect biomass and nutritional values of natural rangelands.

The number of cows and buffaloes in the RSG are not numerous as compared
to other governorates in Egypt according to the census of FAOSTAT [11, 12]. In
Red Sea governorate, the total numbers of cows, buffaloes, sheep and goats were
decreased from year 2012 to 2017 while camels numbers were increased (Table 1).
It is clear that the main animal species in RSG are sheep followed by camels then
goats in year 2017 (according to Statistics, FAOSTAT [11, 12]).

During 2012 the total number of camels was increased significantly and
approached 35,637 heads then reached to 53,713 heads in 2017. The majority (at
least 90%) of sheep, goats, and camels are raised in Shalatin–Abou Ramad—Halaib
Triangle Region.

There are several factors which affect the animal production in the region as
reported by El Shaer et al. [10], Nassar [13], and El Shaer and El-Khouly [8]. These
factors are number of each animal species, flock size andmovement, grazing pressure
and systems all round year, the reproductive efficiency of animal and health status
and marketing systems. Sheep seem to be the dominant species in the region (52%)
followed by camels and goats (26 and 22%, respectively). The total number of camels
imported from Sudan was approximately 100 thousand yearly during the last five
years according to records derived from the Veterinary Department in Shalatain city
[14]. The total animal figures could be far behind the real ones due to continuous
moving and travel from area to area and interaction between tribes in Egypt and
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Table 1 Animal species populations in desert governorates in Egypt (Animal, Poultry and Fish
Resources Statistics, FAOSTAT [11, 12])

Animal species North Sinai
Governorate

South Sinai
Governorate

New Valley
Governorate

Red Sea
Governorate

Cows

2010 2966 257 151,714 789

2012 457 1481 104,526 559

2017 1606 486 35,630 359

Buffalos

2010 161 207 577 814

2012 189 556 905 647

2017 191 69 497 255

Camels

2010 2593 2066 1687 1404

2012 2409 1035 2115 35,637

2017 2718 1282 1712 53,713

Goats

2010 119,766 24,919 97,255 58,731

2012 88,087 41,153 123,498 65,545

2017 38,470 26,560 87,225 44,213

Sheep

2010 93,976 14,694 81,497 128,779

2012 95,953 62,672 89,264 98,107

2017 46,863 33,563 112,125 73,105

Sudan. Also, no accurate surveys were conducted due to topographical, climatic
and social difficulties. Thus, an accurate survey should be conducted to assess any
program for animal production development in the region.

The main animal species could be described in brief (as reported in El Shaer [1,
9], Mohamed [15] and Askr et al. [16]) as follows:

1. Sheep

There are several sheep breeds in the SAHTR region. El Kanzy, Abou Deleak, and
El Manaeet breeds are considered the most dominant breeds all over the SAHTR
region. They are well adapted to suit the local environmen. Generally, these breeds
are tall; have no horns, and their bodies are covered with hair and sometimes with
wool which has different colors ranging from white to dark brown.

El Kanzy breed is characterized by moderate twinning rate, and their coat goes
from dark brown to black. Abou Deleak breed is very common in the region and
is sometimes called El Daboul. It is characterized by a curvey nose; an extra skin
underneath the neck; high twinning and milk production. El Manaeat breed has a
small size with hairy coat.
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2. Camels

Camels play an important role in the social and economic life of migratory pastoral-
ists and nomads in Shalatin–Abou Ramad—Halaib Triangle region. Approximately
100 thousands of camels were transported out of the region last year into the other
Egyptian markets [14]. About 75% of these animals were brought through the Egyp-
tian–Sudanese borders whereas the rest were locally raised in the region, according
to information derived by the Veterinary Department in Shalatain. During their long,
harsh trip, up to the local camel market in Shalatain, they severely suffer due to many
constraints which lead to heavy losses for camel’s producers and traders. Unfortu-
nately, so far information on such constraints are not available. El Zabaida (so called
El Rashaida) and El-Ashab breeds are most distinguished camel breeds in the region.
El Zabaida breed is a heavy bodyweight animal, and the color of his coat ranges from
light brown to light red. It is characterizedbyhighmilk andmeat production.ElAshab
breed is used mainly in transportation as well as racing since it is characterized by a
light bodyweight and a white coat. It is more expensive as a race animal. Camels are
mainly of the Zubeidi breed which is a fairly large animal (300 kg) and the Ashab
breed which is a small racing camel [15, 17].

3. Goats

Goats in the SAHTR look like the Desert black goat. They are small in size; the
black hair is dominant. Although the number of goats is less than that of sheep,
goats have economic importance in the triangle since they are the principal source of
meat and milk for local consumption. However, goats are variable but are generally
of small size body covered with thick hair of different colours. So far, there are
scarce information concerning feed and water resources availability; nutritional and
health problems; traditional management practices; and production characteristics of
animal species [13, 15]. All these information should be classified and identified for
applying proper approaches to improving animal production resources in the region
and consequently to achieve optimum return and high income for pastoralists and
nomads.

Animal Housing
Simple animal housing systems are commonly practiced under restricted grazing
systems in the region which fit the environmental conditions. It depends mainly on
locally available raw materials. The non-ceiled fences systems are widely adopted
where fences are made of wood or stones under Acacia trees as a natural shed [9].
However, such housing systems are not applied under open grazing practices where
animals in a continuous movement and are allowed to graze freely on the rangelands.

4 Natural Vegetation and Grazing Resources of the SAHTR

It is known that natural rangelands include desert and forests and all natural grass
lands. Grazing is defined as the consumption of existing forage i.e. edible grass and
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forbs by livestock or wildlife, whereas browsing is the consumption of edible leaves
and twigs of the woody plants i.e. trees and shrubs by the animal [8, 18, 19]. The
total rangelands area in SAHTR is estimated approximately 600,000 ha occupying
the south east corner of Egypt extending for about 300 km from Ras-Binas north to
the borders with Sudan (Latitude 22° N), and bounded to the Red Sea to the east
and the Red Sea mountains to the west [19]. The general trend for the rangelands in
the region is decrease of areas and reduce in mass and quality of forage production
[10, 20]. Negative changes were recorded in the rangeland plant community, i.e.
more annuals, less palatable and more unpalatable and harmful species in most areas
of the range. The joint effects of overgrazing, uproot woody plants and expansion
of rain-fed agriculture exacerbated the decrease in production of native forage and
the degradation of the genetic repository of good native forage plants and hence the
biodiversity. Also, Pastures in this region are also constrained by drought stress, low
productivity and water scarcity. Hence, utilization is mostly opportunistic depending
on the sporadic rainfall that induces plant growth and provides surface water. As
rainfall is not only sparse, but also unpredictable, so, grazing resources vary widely
between different range types and between different sites within the same range type.
There is also a great variation from year to year and between summer and winter
seasons (particularly in wadis range type) depending on rainfall and amount of run
off water) as pointed out by El Shaer [20, 21], El-Khouly [22], Askr et al. [3]. They,
also, reported that the permanent vegetation in the region includes trees, shrubs, and
semi shrubs. Annual flora might be grow with great frequency in favorable regions
after winter rainfall. The valleys systems existing a numeral of habitats differing
in soil salinity, moisture, and texture. At wadi ends, Avicennia marina is repeated.
The salt marshes in the area close to the sea are dominated by species tolerant
to salinity i.e. Arthrocnemum glaucum and Suaeda monoica. Additional inland in
the dry salt marshes Salsola baryosma, Suaeda monoica and Anabasis group are
dominant. In the sandyplains along the raisedwadi beds,Salsola baryosma is present,
accompanied byAnabasis setifera,Heliotropium, andAcacia tortilis. At the foothills,
Crotalaria aegyptiaca is dominant withPanicum turgidum.Wadi Hederbah inHalaib
is characterized by richest variety resources and the highest potential for development
of all wadis [20].Panicum turgidum andArtistidamutablis are twomain plant species
in thiswadi giving goodnatural ranges for camels aswell as small-ruminants inwinter
and summer, alongside Lythium shawii and Artemisia which are valuable for camel
grazing.

Generally, it is observed that herbaceous plant communities in wadis of Shalatain
basin are dominated by the unpalatable species of Sasola baryosma and Francoeria
crispa.Meanwhile, there aremany palatable species dominated byPanicum turgidum
in wadis of Halaib basin which is a good forage grass [17–19, 22]. Likewise, Wadi
Hederba in Halayeb Basin is characterized by the richness of grazing resources and
the highest potential for improvement compared to other wadis. The forage species
Panicum turgidum, Aristida mutabilis, Artemisa judaica and Lycium shawii are the
most important in Wadi Hederba that could provide good valuable grazing resources
for small ruminants and camels in winter and summer. Some of these shrubs are
very palatable to all animal species and often overgrazed. It is believed that Panicum



300 H. M. El Shaer

turgidum is the main dominant forage crops in Wadi Hederba where most animals
rely on such plant all over the year [20]. Panicum turgidum a desert grass, growing in
dense bushes, up to 1 m. high or more; culm woody, densely branched, with clusters
of brown empty leaf-sheaths at the swollen nodes. Rootlets felty, often covered with
adherent sand, thus of a corky appearance, abundant in sandy and stony deserts.
Along the Red Sea, it often covers the whole coastal plain. The most common plant
species in the SAHTR area and their palatability index to sheep, goats, and camels
are shown in Table 2 as cited from El Shaer et al. [17].

It is indicated that some of these shrubs are very palatable to all animal species
and were often overgrazed. The most palatable forage species for all animal species
and always overgrazed are:

• Maerua crassifolia
• Farsetia aegyptiaca
• Acacia tortilis
• Indigafera spinosa
• Taverniera aegyptiaca
• Lycium shawii
• Indigafera argente
• Convolvulus hvstrix
• Panicum turgidum

Though, palatability of such plants differs from season to season and from grazing
area to another in the region based on some factors, i.e. environmental factors, plant
relatives and populations and animal species [17, 18, 22]. Lycium shawii, Taverniera
aegyptiaca, Maerua crassifolia and Farsetia aegyptiaca are the greatest palatable
species all round year to sheep, goats, and camels in several locations. It should
be noted that these shrubs must be protected from overgrazing, increasing their
reproduction, and managing re-seeding. There are three main grazing districts in the
SAHTR:

• Coastal salt marshes district
• Coastal desert plain district
• Wadies dissecting mountainous district

Most grazing practices are concentrated in these districts all over the year
depending on the season of the year. These grazing districts briefly could be described
by El Shaer [1, 9] as follows:

1. The coastal salt marshes district

It represents the area adjacent to the Red Sea coast from the north to the south.
Grazing activities are practiced most likely in summer and autumn seasons where
salt marsh shrubs are grown intensively. The most common halophytes identified in
this area according to their coverage and intensity are:

• Arthrocnemum glaucum
• Suaeda monaica
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Table 2 Common natural ranges, its Arabic names and their palatability index for sheep, goats,
and camels in the SAHTR

Plant species Arabic name Animal species

Goat Camel Sheep

Acacia albida Arg PP HP PP

Acacia etbaica Qrtbi PP HP PP

Acacia mellifera Al Khashshab FP HP PP

Acacia reddiana El Saial PP HP FP

Acacia tortilis El Samraa FP HP NP

Arocnemom glaucum El Shanan – HP NP

Astragalus eremophilus Om Elkrin HP HP HP

Avicennia marina El Shora – HP HP

Blepharis ciliaris Shule Eldeb PP HP HP

Cadaba farinosa Cally HP PP NP

Cadaba oblonifia Al Qrti HP HP HP

Calligonum comosum Shbrq PP HP HP

Convolvulus hystrix El Graba HP HP HP

Halopeplis prefaliala Haloubils HP HP FP

Heliotropium luteum Al Ghbira – PP NP

Indigofera argente Toukhit PP HP PP

Indigofera spinosa Sunkid HP FP PP

Leptadenia pyrotechnica Al Mrkh HP HP HP

Lycium shawii Awssag HP HP HP

Maerua crassifolia Kamoub HP HP HP

Ochradenus baccatus Al Qrdi HP HP FP

Panicum turgidum Thommaam HP HP HP

Pergularia tomentosa Om Ellbin HP HP FP

Plantago ciliata Houlakit FP HP FP

Salsola baryosma Al Khrit FP PP –

Salsola tetrandra Al Dmran – HP PP

Stipagrostis ciliata Hmorate PP HP HP

Suaeda monaica Al Sowaida HP FP –

Taverniera aegyptiaca Dhasir PP HP HP

Trichodesma ehrenbergii Khroua ElGamel HP HP PP

Zygophyllum coccineum PP FP PP

HP highly palatable; FP fairly palatable; PP poorly palatable; NP non palatable
Source El Shaer et al. [17] and Mohamed [15]
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Table 3 Average values of chemical constituents (%, on DM basis) of most common halophytes
in the coastal salt mashes district [17]

Plant species DM CP CF EE Ash NFE

Avicennia marina 33.2 10.5 13.9 3.30 25.9 46.40

Arthrocnemum glaucum 39.1 6.33 17.3 1.98 39.7 34.69

Suaeda monoica 40.2 9.40 16.7 3.00 30.3 40.6

DM dry matter; CP crude protein; CF crude fiber; NFE nitrogen free extracts

• Helopeltis perfoliata
• Limonium axillare
• Avicennia marina

The chemical composition of the dominant halophytic species which were grazed
particularly by camlets is presented in Table 3. Avicennia marina is occasionally
overgrazed by camels in particular in summer and autumn seasons when palatable
shrubs are not presented.

These halophytes are characterized by higher ash content, particularly A. glaucum
(approximately 40%) in addition to reasonable levels of fiber content (around 15.9%).
A. marina and S. monaica comprise moderate levels of CP (10.5 and 9.4%, respec-
tively) which appear to be sufficient to cover the protein necessities for animals [23].
These figures are close to those obtained on similar halophytes grown in Sinai [10].
Constraints of palatability such as specific anti-nutritional factors (tannins, saponins,
nitrate, etc.) should be tested. Then proper approaches should be practiced through
certain processing treatments to reduce the effect of such nutrients and improve
palatability and nutritive value of these forages species [24, 25].

2. Coastal desert plain district

It extends between the coastal salt marshes district andwadis dissectingmountainous
chains district. It includes some valleys for example Houdean, Sheab, Ebeb and
Hederbah which contain excessive varieties of annual and perennial shrub plants.
Acacia tortilis and Salsola baryosma community types represent the most domi-
nant plant communities and associate with numerous plant species. Lycium shawii,
Maerua crassifolia,Acacia tortilis andAcacia albida, are greatest important palatable
range fodders to all animal species over the year.

Table 4 show mean values of the chemical composition of dominant plant species
in Hederbah Valley. Acaia albida and Lycium shawii followed byMaerua crassifolia
and Acacia tortilis contains reasonable levels of crude protein that covers the nutri-
tional needs of camel, sheep, and goats [23]. Such plant species should be protected
from intensive overgrazed, besides Bedouins tend to cut and collect wood from these
trees to make charcoal.

3. Wadies dissecting mountainous chains district

It represents the main grazing district during all seasons of the year in the region.
It has great potentialities in terms of numerous plant species and varieties: annuals,
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Table 4 Average values of chemical composition (%, on DM basis) for dominant plant species in
Hederbah Valley [17]

Plant species DM CP EE CF Ash NFE

Acacia albida 51.3 13.2 2.66 27.9 9.59 46.65

Acacia tortilis 71.3 10.3 2.11 30.2 6.60 50.79

Blepharis ciliaris 56.9 8.72 1.53 23.3 3.6 52.85

Lycium shawii 39.8 12.5 1.17 34.9 8.65 42.78

Maerua crassifolia 60.8 11.5 1.98 30.7 10.2 45.62

Panicum turgidum 57.2 5.99 4.56 34.1 6.25 49.1

DM dry matter; CP crude protein; CF crude fiber; NFE nitrogen free extracts

perennials, shrubs, semi-trees, and trees. Several plant community types are recog-
nized and identified in this area such as (1)Acacia tortils community type, (2)Acacia
raddiana community type, (3) Panicum turgidum community type. Each one asso-
ciates numerous annual and perennial plant species that vary in their palatability. The
plant communities and associations were identified in three main wadies: (1) Metab
valley, (2) Auglahoug valley and (3) Sarmatay valley.

Table 5 show chemical constituents of the dominant plant species in Metab
valley as cited from El Shaer et al. [17]. It might be clear to mention that Acacia
tortilis, Capparis decidua, Farsetia aegyptiaca, Lycium shawii, Maerua crassifolia
andPanicum turgidum forms themain forage resources in thewadis dissectingmoun-
tainous region judging from their palatability to all animal species all round year, in
addition to their coverage, intensity, and dry yield.

It is reported that protein content varied from 5.43% (Panicum turgidum) to 13.8%
(Farsetia aegyptiaca)whereas fiber content ranged from21.1% (Farsetia aegyptiaca)
to 35.6% (Lycium shawii).Maerua crassifolia,L. shawii andF. aegptiaca appear to be
highly palatable and nutritious for all animal species. Panicum turgidum represents
the most important natural grass in this grazing district and provides a good feed
resource during dry seasons (summer and autumn).

Table 5 Average values of
chemical constituents (%, on
DM basis) for dominant plant
species in Metab Valley [17]

Plant species DM CP

Acacia tortilis 63.70 10.2

Capparis decidua 23.20 7.22

Farsetia aegyptiaca 35.80 13.8

Lycium shawii 40.80 11.8

Maerua crassifolia 59.60 11.1

Panicum turgidum 54.30 5.43



304 H. M. El Shaer

5 General Current Features of Animal and Rangeland
Resources

From the previous details on the description of the existed animal and rangeland
resources in the region, the general characteristics and features could be summarized
as reported in several studies [8, 16, 19, 21, 22] in the following points:

1. Livestock productivity

• High parental mortality of lambs,
• High barrenness,
• Low conception and fertility rates,
• Low prolificacy and low birth and weaning weights,
• Slow growth rate of growing animals, and
• Reduced animal productivity (meat, milk, etc.)

2. Livestock health and disease control

• Ecto- and endo-parasites can inflict great economic losses
• Fertility disorders, reduced body weight gain, deterioration of animal

products
• Viral and/or bacterial diseases and toxic plants could have major impact on

animal health
• Frequency of coccidia infection is high
• The incidence of parasitic infection among camels is very high, particularly

in the SAHTR areas
• The toxic plants affect animal production on the rangelands and make lots

of troubles to livestock holders

3. Range resources

• The indigenous natural vegetation is the principal feed resources
• Fluctuate in biomass production, palatability, and nutritive value from season

to season and from area to area
• The imbalance between livestock feed requirements and supplies from the

native ranges is common
• Atriplex spp., Salsola spp.,Medicago spp., Stipagrostis spp.,Nitraria retusa,

Zygophylum spp., Acacia spp., Hamada scoparia and Plantago sp., are the
most common plants

• Signs of overgrazing and degradation are evident in several sites
• Misuse of rangelands is common resulting in:

i. The decrease of desirable and palatable plant species,
ii. The increase of less palatable and toxic plants,
iii. The disappearance of the genetic resources of forage plants.

4. Water shortage:
It is a common problem particularly in the region in terms of water quantity and
quality where water points are not enough available on the rangelands.
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6 Constraints of Animal/Range Resource Production
in the SAHTR

Problems and constraints of animal production development in the region could be
summarized in the following points:

1. Erratic and short duration of rain precipitation leads to long drought period
(from April up to October). To causes shortage of feed resources in that period
which has a negative impact on animal production activities and social life.

2. Unavailability of feed supplements, particularly traditional feed concentrates
which brought from the Nile Valley and extremely expensive.

3. Unavailability of drinking water points, in particular during the dry seasons
(Summer and Autumn).

4. Transportation of camels and sheep through the southern Egyptian borders to
the local markets could transfer several serious diseases.

5. Slaughter houses are not available in the region, that cause hygienic problems.
6. Veterinary services and extension are limited in the coastal desert plain zone,

moreover, mot available at all in the wadis dissecting mountainous chains zone
where thousands of animals are raised.

7. Precise survey on animal production, productivity, movement, flock size,
ownership, etc. are not available for many reasons.

8. Animal production is specifically constrained by the following:

• The relatively poor production of rangelands
• Lack of an effective plan for range development
• Poor livestock/range extension and veterinary services
• The lack of integration between crop and range production
• The lack of cultivated forages.

7 Factors Affecting Animal and Range Production
Resources

The animal and rangeland resources and their productivity and production systems in
the region are generally affected at various degrees by main four limiting factors, e.g.
environmental, range resources, animal nutritional, socio-economic stresses. Such
factors will be summarized as follows:

1. Environmental factors
The most critical environmental factors affecting livestock productivity are:

• Erratic and short duration of rain precipitation leads to long drought periods
• Salinity stress
• Erosion stress
• Durrinal variation in ambient temperature
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• Heat and wind stress.

2. Range resources factors
There are many factors which can drastically affect rangelands resources and
its utilization as animal feeds. The main limiting factors are:

• Rangelands deterioration and overgrazing
• Shortage of fodder crops integrated with ranges
• Unavailability of common feed supplements on ranges
• The relatively poor production of rangelands
• Lack of an effective plan for range development
• Poor livestock/range extension and veterinary services
• The lack of integration between crop and range production
• The lack of cultivated forages.

3. Nutritional factors

• Shortage of feed resources (quantitative and qualitative)
• Seasonal starvation of animals
• Unavailability of drinking water
• The high salinity of the available feed and drinking water
• Improper economic inter-relationship between the productivity of grazing

animals and potential utilization of indigenous ranges.

4. Socio-economic stress

• Veterinary workers and services and extension are limited
• Lack of knowledge and communication
• Trans-boundary system
• Poor interaction between the researchers, farmers, extension workers and

policy makers
• Lack of the economic incentives caused by unfavorable price policies, poor

marketing and infrastructure and lack of financial resource.

8 Suggested Polices and Strategies

New polices, and strategies could be suggested for coping with desertification effects
and livestock development:

• Integration of livestock development, agriculture an agriculture industries.
• Modernization of the marketing by the realization the slaughterhouse and the

improvement of facilities of rural markets.
• The installation of private veterinaries and the adoption of a regulation or legal

executive.
• Development of milk production and dairy products by the incitement to the

creation of centers for milk collection and processing particularly in rural areas
in the Nile Valley and Delta.
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• Setting up pastoral associations for the better management of grazing resources.
• Establishing an effective early warning system and it must be accompanied by an

infrastructure for the implementation of drought relief measures.
• Conserve and improve management of natural resources utilization (water, land,

plant, animal, etc.).
• Support and develop coordination programmas between concerned institutions

at the national, regional and international levels in the fields of development of
livestock production, rangelands rehabilitation and control of desertification and
drought.

9 Conclusions and Recommendations

Shalatin–Abou Ramad—Halaib Triangle Region (SAHTR) has vital and strategic
importance toEgypt; it is characterized by broad biodiversity of both plant and animal
resources. Livestock production on the native ranges of Shalatain–Abou Ramad—
Halaib Triangle Region, Red Sea Governorate is facing several major constraints
mainly: drought, feed and water shortage, diseases, and environmental stresses. All
efforts should be directed towards setting up a sustainable national strategy to improve
both rangelands and livestock production which has the following tasks:

• Optimum utilization of the available local feed and drinking water resources
• Applying proper approaches for native range management and conservation
• Development of watering points combined with proper control of grazing
• Utilizing the available non-conventional feed resources efficiently
• Genetically constitution improvement, particularly through the selection
• An effective program for the improvement of feeding, disease control, and

management should precede any attempt at genetic improvement
• Providing proper assistance and advice to local Bedouins or investors to best

utilize available resources
• Strengthening the cooperation between scientists, specialists, policy makers and

Bedouins
• Reader who are interested in sustainable development of the areas could consult

[5].
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Sustainable Mining Site Remediation
Under (Semi) Arid Climates
in the Middle East and in Northern
Africa: The Djebel Ressas Mine
in Tunisia as an Example
of the Orphaned Mines Issue

C. Dietsche

Abstract Humans have mined a large number of sites for minerals, ores and other
natural resources over the past centuries. When looking at a practical benefit of
applying quality targets to the brownfield site remediation of an Orphaned Mine, the
costs directly correlate with the planned target levels. The main problem seems to be
the flue dust and mining waste deposits (Alayet et al. in J Appl Remote Sens 11(1),
2017 [1]), so the research follows the three pillars of sustainable development:

1. In order to remove heavy metals contents (Pb, Cd, Zn, Cu, and As—see Table
4 for an overview) safely from a former mining village (cf. Achour et al. in
Assessment heavy metals (Pb, Zn, Cd) and metalloids (Sb, As) mobility in
carbonated soils contaminated by mining wastes (Northern Tunisia). The poster
can be downloaded from: https://www.researchgate.net/publication/335608
443_Assessment_Heavy_Metals_Pb_Zn_Cd_and_Metalloids_Sb_As_mobi
lity_in_Carbonated_Soils_Contaminated_by_Mining_Wastes_Northern_Tun
isia, (2019) [2] on a regional scale), measures have to be taken for protecting
local water reservoirs (E, environmental).

2. The reuse of the deposits as material for road construction needs to be studied
and decided in terms of costs versus benefits (E, economic).

3. Once the topsoil is exchanged with less contaminated soil, after a proper site
remediation, the use of the former deposit area for gardening and agriculture
should follow health and safety criteria (cf. Béjaoui et al. in Health risk assess-
ment in calcareous agricultural soils contaminated by metallic mining activity
under mediterranean climate. CSAWAC CLEAN: Soil Air Water 44(10):1261–
1427, 2016 [3, Ghorbel in Contamination métallique issue des déchets de
l’ancien site minier de Jebel Ressas: modélisation des mécanismes de trans-
fert et conception de cartes d’aléa post-mine dans un contexte carbonaté et
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sous un climat semi-aride. Evaluation du risque pour la santé humaine. Thesis,
University of Toulouse, France, 4]): Some of the inhabitants grow deep-rooting
vegetables on site (S, social) that accumulate heavy metals.

Proposed Solutions:

A. Control the spread of heavy metals into the towns and villages of an affected
area, and into agricultural land, and monitor it—for example via biomarkers.

B. Exchange the topsoil in areas where people grow vegetables, especially deep
rooting species. At best, utilize a local workforce to create more jobs.

C. Additionally, extract heavy metals and stabilize the affected soil by adapted
plants. Their leaves and stems accumulate metals that the roots extract. The
biomass can be harvested (as a kind of mining) to prevent recontamination of
the soil on site.

D. Define and try to meet quality targets, e.g. to re-settle certain species in the
area.

This chapter gives a clear benefit of applying realistic quality targets for orphaned
mines’ brownfields. For its site remediation, themain limiting factors are the costs, as
“Contra” arguments. So the targets should be re-adopted during the site remediation.
For example, practical solutions allow stronger releases of heavy metals after the
remediation, compared with the original targets.

Keywords Mine tailings · Ecotoxicity · Orphaned mines · Brown site
remediation · Environmental quality targets · Phytoremediation · Phytomining ·
Bioleaching · Biomarkers · Biosorption · Phytoextraction · Heavy metals ·
Phytostabilization · Agromining · Hyperaccumulation · Field experiments ·
Bioavailability · Conservation biology

1 Importance of Sustainable Soil and Land Management

The necessity for a sustainable land and soil management is derived from.

• global scarcity and shrinking availability of undisturbed, ecologically well
functioning and even altered soils that can still produce biomass, e.g.

(a) either in a natural state, including some hazardous natural states
(b) or as cultivated soil in an anthropocentric point of view [5] source of

nutrition, source of raw materials, foundation for buildings, etc.

• the needs to avoid the degradation of soils in the context of

(a) a natural surroundings, for example influences of desertification, erosion
(b) an agricultural landscape as a part of a cultural landscape
(c) an industrialized landscape, including mining [6]

One of the possible aims is to
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Table 1 Examples of soil degradation—acidification and salinization

Causes Effects Possible consequences

Bad management practice
Industrial pollution
Natural causes

Acidification:
(a) Acid precursors:
Nitrogen oxides, NOx
(b) Photochemical oxidants:

HO, HO2, H2O2, Ozone O3
(c) Acids: sulfuric acid,

H2SO4, Nitric Acid HNO3

Damage of plants:
Increases phytotoxicity
Changes bioavailability in the
soil: change of pH values may
release heavy metals from
Fe–Mn complexes, etc.

Wrong irrigation practices,
also application of poultry
(e.g. chicken) manure

Salinization:
(a) Salt concentration in the

soil is rising

Increase phytotoxicity;
decrease soil health, decrease
number of adopted food crops
for humans

• set quality targets for a remediation [7] of degraded soils according to the needs
to achieve realistic aims for a sustainable land management

(a) in order to specify if a remediation should return the soil to its natural state
(100% reversion)

(b) or to accept a less degraded state as the target

• reflect on overly anthropocentric views of soils [5, 8] and to see both soils and
human beings, animals and plants in a holistic point of view

Table 1 shows some aspects of how soils can become degraded and disturbed:
Table 1 shows that many soil management practices, industrial pollution, wrong

irrigation practices, but also natural causes may have detrimental effects on soils:
The pH values can shift or the salt concentration can rise, thus releasing heavymetals
from the soil or damaging plants.

Looking at the effects and consequences, there are both qualitative and quanti-
tative ones. Likewise, the remedy could be divided into qualitative and quantitative
environmental, social and economic quality targets, according to the definition of a
Sustainable Development [9]. To cite former mining areas such as Djebel Ressas in
Tunisia as an example (for others, see [2]), even the undisturbed, natural landscape
had its very limited release of hazardous heavy metals, with some plants being in
place that are well be adopted to this environment.

Applying the same structure to the orphaned mines ‘issue where the disturbed
soil is not rehabilitated, there are similarities with other soil degradations.

Table 2 shows that many soil management practices, industrial pollution, wrong
irrigation practices, but also natural causes may have detrimental effects on soils:
The shift in the soil’s pH values could release heavy metals, phosphorus, as well as
certain radioactive elements. The heavy metals negatively affects plants that are not
adopted to them.

Also, a rise or fall of groundwater levels always has an effect on the flora, but also
often on building foundations and other structures, too. Then, the water scarcity of
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Table 2 Examples of mining soil degradation—chemicals and water issues

Causes Effects Possible consequences

Bad land management practice
Industrial pollution
Natural causes

Release of heavy metals (ρ >
5.0 g/cm3) from soil, e.g. Pb,
Hg, Cr, Mo, Ni, Co, Zn (cf.
[10])
Release of P and S compounds
from the soil
Release of radioactive
elements from the rocks or
from the soil, e.g. U, Pu, Rn

Damage of plants:
Increases phytotoxicity
Changes bioavailability in the
soil: change of pH values and
soil disturbance may release
heavy metals from Fe–Mn
complexes, etc.
cf. Norme tunisienne/Tunisian
Standard NT 106-02 [11]

Wrong water management:
Pumping of mine waters out of
the mine may cause desastrous
side effects

Groundwater:
(a) levels are declining
(b) is being released into

surface (fresh) waters

(a) Damage in deep-rooting
plants, of building walls
etc.

(b) Increase of toxicity levels
both in ground and in
surface waters due to
release of heavy metals

(c) Decreased soil health

the MENA regions under a semi arid climate is an important factor for agriculture,
as the next chapter describes.

2 Targets for Sustainable Soil and Land Management

For a remediation, it is often difficult to reconstruct the original groundwater levels
and their underground flow for one specific site.

Before applying quality targets for developing a site, conserving a site, or for a
site remediation, the targets should take into account samples of the undisturbed,
undegradated soil on-site in and around the village of Djebel Ressas or on locations
nearby [10, p. 76, 78], such as the Jurassic Limestone (carbonate sedimentary rock)
of the Djebel Ressas mountain [12, 13]. For the mobilization of heavy metals, the pH
value of the soils and rocks in the study area as well as of the rain water throughout
the year need to be determined. The assumption is that acid rain caused by SO2 and
NOx ambient air pollution from urban conglomerates can mobilize heavy metals in
rocks and soils. On the one hand, limestone is acid sensitive and can be dissolved by
acid rain (low pH). On the other hand, limestone can increase the alkalinity of water
and buffer weak acids.

As a starting point, both quantitative and qualitative targets [7] can be derived
from laboratory test results. This is beneficial in terms of cost saving to adopt the
targets to the local situation, and to allow a Plan-Do-Check-Act cycle before, during
and after the implementation, for a cost control [8, 13].

The broad environmental, social, and economic targets, as explained above, can
then be fine-tuned into more detailed sub-targets, for example:
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Both anthropocentric and non-anthropocentric site remediation [14] can suffer
from unrealistic targets, for example: In geography and conservation biology, some
experts sometimes implicitly use the pre-industrial, idealized Graeco-Roman “arca-
dian landscape” as a quality target to which to restore an agricultural, or even
industrial present state [5, pp. 379–383, 386–388].

If such culturally influenced target is only implied and not expressed in public,
target setting may imply failure since the targets cannot win the support of the local
population. So the targets should be explained in detail, citing the pro and the contra
aspects, especially if the project is a cross-cultural one.

3 Problem: The Orphaned Mine at Djebel Ressas
in Tunisia as an Unsolved Issue of Sustainable Land
and Soil Management

For local populations, orphaned mines after coal, metals, oil shale, and other
extracting, are a universal problem all over the world, in different cultures [14, p. 76].

As primary effects, if the underground or open cast mining is stopped, aban-
doned mines can cause unstable underground structures or a heightened exposure of
minerals releasing chemicals, for example.

As secondary effects, deforestation, erosion and groundwater contamination from
isolating metals can follow, among others. As a tertiary effect, areas near open-cast
mines can become inhabitable.

For example, as mining often affects the groundwater levels via pumping, the
stopping of the mining activities does not only restore the former groundwater levels.
It may also create an artificial hydrogeological situation where the underground
aquifers are even destroyed. Even if the site remediation addresses the groundwater
levels’ restoration, the water quality could be deteriorated by heavy metals and other
pollutants such as radioactive substances.

For agriculture and human habitats, the availability of fresh, unpolluted water is
a key issue. The semi arid climate limits the water availability in the MENA area, so
water issues will be among the top priorities for future challenges.

In Tunisia, approx. 30 km SE of Tunis and circa 10 km SE of Mornag City (36°
36′ 21′′ N, 10° 20′ 10′′ E), the Djebel (or Jebel) Ressas Mine جبلالرصاص is located.

4 Definition of Quality Targets: Qualitative
and Quantitative Approach

Specific to the site and its soil are the following chemical elements [15] that can be
quantified in the flue dust and in the soil: Pb, Cd [16], and Zn, Cu [17], as well as
As [15, p. 2981]. Another challenge is the contamination of drinking water [16, 18]
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and of water reservoirs used for agricultural irrigation, for example in case of the
one southwest of Djebel Ressas [18].

Many of the contemporary studies show a concern for human health and plant
health via heavy metals contaminated soil [19], and via the spread of flue dust by
the locally strong wind but do not mention fauna health except two examples: The
earthworm Eisenia andrei is used as a sentinel animal for soil contamination and is
tested for genotoxic responses to heavy metals exposure in case of Pb, Cd, Zn, and
Cu [17, 20]. Then, chicken raised around Djebel Ressas accumulate heavy metals,
which then enter the human food chain (cf. [21]). These chicken were tested for
heavy metals, too [22].

As a recent Polish study shows, wasps which also live in Tunisia such as Polistes
nimpha (PaperWasp) can be used as a biomarker for biomonitoring, too (Mielczarek
and Wojciechowicz-Żytko [23], who cite it as Polistes nimphus).

The actual measured air concentrations of PM 10 (Particulate Matter ≤10 µm),
for Pb and Cd exceed maximum WHO levels [16] and pose a serious health thread
for the local population [17, 24]. The major exposure paths can be inhalation and
ingestion. The latter one is mainly defined by eating deep-rooting vegetables for
example.

The air quality around Djebel Ressas had been bio monitored using the Opuntia
ficus-indica, Figuier de Barbarie, a cactus [25].

Caused by the contaminated water and the spread of flue dust by the wind, the
media water, air, and soil are affected. Most studies about Djebel Ressas focus on the
human exposure to heavy metals, mainly on the exposure paths. Since results from
local residents’ blood samples are still missing, these would be a desirable outcome
of future medical studies (cf. [26]), for a more fine-tuned targeting (see Table 3).

Looking at the effects and consequences, there are both qualitative andquantitative
ones. So in order to remedy the consequences, the targets that can be set may also
either encompass quality or quantity. They could be divided into environmental,
social and economic quality targets:

So one possible quantitative approach for a quality target is to limit the human
exposure to heavymetals to levels well belowWHO limits (cf. [26]). This would also
benefit plant and animal health. There is still an anthropocentric focus inmost studies,
however, which is only slightly broadened by this study’s proposed indicator species.
For a proposed qualitative approach, the author proposes a bundle of measures to
limit the spread of heavy metals into the soil by wind and affluent surface waters.
For this purpose, the results from a literature research are summarized in Table 3: In
order to formulate quality targets for orphaned mines under a sustainable land and
soil management, would it be a good starting point to determine the quality of the
undisturbed soil at the Djebel Ressas site “before the mining era”?
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Table 3 Examples of environmental, social, and economic quality targets and indicators

Quality target (objective) Quality standard Quality indicator

Environmental and social: limit
the exposure to Pb, Cd, Zn, Cu,
and As for humans, flora, and
fauna e.g. by
phytoremediation, living
fences, and drainage system in
the former mining areas

Observe WHO limits and/or
Tunisian limits for agricultural
soils and products, cf. Norme
tunisienne/Tunisian Standard
NT 106.02 [11]

Let adopted fauna grow on
land after site remediation,
and quantitatively measure
PM 10 concentrations; create
subjective human well being
of local population (cf. [26])

Environmental: (Re)-Introduce
monkeys to the Djebel Ressas
mountain after site
remediation, as an indicator
species for mountain habitat
quality

Observe national laws for
nature [7, 8, 27] reserves that
offer sanctuaries for wildlife

Macaca sylvanus, Barbary
macaque/ape, or magot),
Polistes nimpha (Paper Wasp)
[23] can also be used for bio
monitoring (cf. [28, 29]),
besides earthworms [17, 20]

Environmental and economic:
Plant live fences to trap flue
dust spread by the wind,
adopted fauna for
phytoremediation, steepen
terraced slopes of the
abandoned mine inwards to
control the flow of rain water,
apply animal manure to
terraces, mining waste dumps

Apply best practices for site
remediation [24, pp. 131–134,
30, 31, pp. 1–5, 32, pp. 41–51]‚
affecting primarily the
abandoned mountain top to the
north that is no longer mined
As a second step, to remedy
the cement plant’s site to the
south could be a future option,
but only after the end of all
local excavation activites

For example:
Can scientists identify plants
adopted to the specific site
and the specified purpose?
[33, p. 312, 34, pp. 75–77]
Do the altered terraces release
less heavy metals than
before?

Social and economic:
Conduct a site remediation
around the village so that
inhabitants can safely grow
even deep-rooting vegetables

WHO limits for heavy metals,
and international standards for
earth worm lab tests:
ISO/DIS 23611-1:2016 [35]:
Soil quality—sampling of soil
invertebrates—Part 1:
Hand-sorting and extraction of
earthworms; ISO
11268-1:2012 [36], ISO
11268-2:2012 [37], ISO
11268-3:2014 [38], ISO/DIS
23611-1:2016 [35]—cf. VDI
[39]; as well as ISO
17512-1:2008 [40]

Eisenia andrei and
deep-rooting flora can be used
as objects for laboratory tests:
Boughattas et al. [17, 20]
ISO 11268-1:2012 [36]
ISO 11268-2:2012 [37]
ISO 11268-3:2014 [38]
ISO 17512-1:2008 [40]
ISO/DIS 23611-1:2016 [35]
cf. [39] for a parallel water
monitoring, species such as
Caenorhabditis elegans
(Nematoda) can be suitable,
too [41], also see ISO/DIS
23611-1:2016 [35]

Economic and environmental:
use of mining residues as
material for road construction
(except for areas with drinking
water wells or irrigation water
reservoirs, for example)

cf. Tunisian Standard NT
106-02 [11] and German
Industrial Standard DIN
4301:2009-06 “Ferrous and
non-ferrous slag for civil
engineering”

For marker organisms and
further standards for bio
monitoring: see text above

(continued)



320 C. Dietsche

Table 3 (continued)

Quality target (objective) Quality standard Quality indicator

Economic: allow growth of
extractive activities south of the
village, also promote growth of
eco tourism (e.g. via Macaca
sylvanus as an attraction)

Local regulations, national
laws

For example, does the
remediation lead to an
economic growth by increase
in income per time? Does it
lead to an increase in local
enterprise taxes, among other
economic factors such as a
growth in tourism?

5 Scope for Design: Can There Be a Practical Benefit
of Applying Quality Targets to the Brownfield Site
Remediation of an Orphaned Mine?

If the main problem seems to be the flue dust and mining waste deposits (cf. [1]), do
their heavy metals contents allow them, for example.

• to be removed safely from the former mining village, while protecting local water
reservoirs (environmental sub-targets)?

• and to be re-used as material for cement or road construction (economic sub-
target)?

• that once the topsoil is exchanged with less contaminated soil, after a proper
site remediation, that their area can safely be used for gardening, using even
deep-rooting vegetables (social sub-target)?

If all of these questions can be answered with “Yes” as “Pro” arguments at best,
there can be a clear benefit of applying realistic quality targets for orphaned mines’
brownfield site. For its remediation, the main limiting factors are the costs, as “Con-
tra” arguments. So the targets should be re-adopted during the site remediation. For
example, a practical solution can be to allow a stronger release of heavy metals
after the remediation compared with the original planning targets. One of the main
questions to be answered in this respect is:

Can some of the mining waste as dumped next to the village be re-used in road
construction by applying state-of-the-art environmental impact assessmentmethods?
Management both used for spatial planning and road construction should look for
areas that are not near aquifers, rivers or wells for drinking water, to avoid the further
spread of heavy metals.

Another suitable alternative can be to centralize the mining waste dumps near the
village of Djebel Ressas from three main ones to just one. This can well be achieved
by planting a living fence with trees, bushes, and by installing dead fences made of
cut wood from treed and bushes around the village first [42].

Another top priority is to move the mining waste to one central spot. This
method can be combined without the re-use of some of the dumped waste for road
construction, or with any re-use as allowed by the Tunisian laws and standards.
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Iteb Boughattas, one of the researchers who had researched onDjebel Ressas [17],
has remarked to the author: In comparing Tunisia and Germany, the centralizing of
the mining waste dumps from both underground and open-cast copper mining in
the Mansfelder Land area in Eastern Germany was the key remediation measure
applied there. The three centralized dumps had been secured then, approximately
within ten years after the mining activities had been stopped, to avoid the further
spread of contaminated dust by the wind. This can be verified visually by looking
at map data from the southeast of Hettstedt, Germany, at the geographic location of
51° 37′ 25.87′′ N, 11° 32′ 1.35′′ E (coordinates system: WGS84), available online
[last accessed on 2020-07-18] under https://www.openstreetmap.org/?mlat=51.623
852&mlon=11.533708&zoom=11#map=14/51.6239/11.5337.

Here is one peculiar situation typical for Eastern Germany. The speedy site reme-
diation within ten years was one of the national and regional priority measures after
Germany’s reunification in 1990 and cannot be generalized as a common method for
other German sites. Many of these inWestern Germany still remain in their orphaned
state as abandomed around the same time as Djebel Ressas. So commonly said, many
sites all over Germany resembles Djebel Ressas very much.

6 Solution: What We Can Do to Reach All Three
Dimensions of Sustainable Development via the Use
of Quality Targets?

If there are economically and socially beneficial effects of a site clearing and a soil
remediation, e.g. by employing a local workforce to reduce health-threatening local
contamination on site, we can set targets to reach all three dimensions of a sustainable
development: the social, economic, and environmental ones:

The study identifies some top priority sites in and around the village, and in some
area in the shape of a box, marked dark green, on the mountain top between the green
and the yellow line in Fig. 2. The green areas show mining waste dumps that have
not been centralized or covered yet. Incidentially, they are right next to the houses
in the village (cf. Fig. 1).

The quality objectives Obj. 1 to Obj. 5 sum up the remediation measures and
roughly correlate with social, economic, and ecological dimensions of a possible
site remediation project. A dam on the bottom left hand site shows how delicately
close both former and present mining areas are to the dam reservoir “W”. There is
a recent extractive plant in the light brown area south of the peak (with the summit
at 750 m) that excavates rock for construction purposes. So any site remediation
may have a direct impact on water that is being retained in the reservoir “Barrage El
hamma”, apparently used for agricultural purposes.

See Table 4 for an overview of the chemical elements. In brief, the project should
immobilize Pb, Cd, Zn, Cu, and As by the following means:

https://www.openstreetmap.org/%3Fmlat%3D51.623852%26mlon%3D11.533708%26zoom%3D11%23map%3D14/51.6239/11.5337
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Fig. 1 Geographic localization of Djebel Ressas Village, modified, originally taken from [15].
Copyright © Editions I’Harmattan, 2009. Legend: The environmental target to centralize or cover
up at the three major mining dumps DI, DII, and DIII (see [15], Illustration 1) could be a first step.
The mines, now orphaned, date back to Roman times. Throughout the nineteenth/early twentieth
century until the 1950s [43, pp. 1–2] during the French colonial rule [44], Pb–Zn–Cd had been
mined (cf. [6]) near the mountain peak (summit in ), as one of the first two mines of their kind
in Tunisia [45]. A village related to the orphaned mine still exists. Gravel and rock extraction
for building and road construction, continues southeast of the peak. A Tunisian-Turkish-Danish
consortium was formed in 2010 to set up and run a cement plant with a production capacity of 5800
tons/day clinker [46] next to the water reservoir. Its location southwest of the summit can be seen
in . Ghorbel et al. [16] described the main problem caused by flue dust spread from the remaining
mine dumps and from the former mines: “Pb and Cd concentrations exceededWHO guidelines”, cf.
[12, 15]. Boughattas et al. [17, 20] observed high Zn–Cu concentrations in earth worms, as marker
organisms for potential human health risks of the village people [3, 4, 12, 15, 16] and occupational
hazards for the plant workers. So if the degraded soil’s situation is compared with other degrading
factors, could there be a possible remedy (cf. [33, p. 310])?

• Objective 1: Plant living fences (green line) with bushes and trees. Control the
spread into the village of Djebel Ressas, and into a larger settlement towards the
mountain’s Northeast, and monitor it—p.ex. via biomarkers. Apply phytoextrac-
tion, phytostabilization of the affected soil by adapted plants: For that purpose,
lucerne/alfalfa, Medicago sativa, could be used [30]

• Phytoremediation: “Roots take up metals from contaminated soils and transport
the metals to stems and leaves. Leaves accumulate metals and are harvested to
prevent (a) soil recontamination” [58]

• Objective 2: Inward sloping terraces should be installed to control the surface
water during the rainy months of the year.
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Fig. 2 Quality objectives for site remediation at Djebel Ressas—the left half of the satellite photo
roughly covers Fig. 1—scaled photo (taken by ESA 2019 [47] on 2019-Apr-29). Legend: The
village is shown northeast of the water reservoir “W” and east of the summit (750 m). The grey
area around the village is identical with the major mining dumps DI, DII, and DIIIas in Fig. 1.
This is where the remediation could start. The green line suggests the areas where living fences can
be planted. The grey areas show where mining dumps can be centralized, or where the disturbed
surface can be sealed next to the ancient mines. The yellow line suggests some alteration of the
slopes so that the rain water does not carry away easily the polluted soil or small rock particles.

• Objective 3: The aim is to stabilize the deposit area and avoid the spread of flue
dust and contaminated soil by surface water [59, pp. 3019–3021, 3026]. In some
instances, for example if manure is added, again, lucerne/alfalfa plants can help
stabilize the mining dump deposits.

• Objective 4: In order to avoid the spread of heavy metals into the water reservoir
“W” southwest of the mountain range, a drainage system should be connected
with the slopes from Objective 2.

• Objective 5: Exchange the top soil in areas where people grow vegetables. One
key measure is to centralize, adjacent to the former mining area, the three mining
waste “dump and deposit areas” DI, DII and DIII as shown in Fig. 1 to just one
dump site. Most likely, this would be site DI or also some area in the southern
part of DII on the village’s border, as this is the site far away from most of the
inhabitants’ houses. Top priority would be the complete remediation of site DIII
west of the village, as it borders the inhabited area directly [16]

• Objective 6: To employ the local residents for the remediation work whenever
possible would ideally create jobs in and around Djebel Ressas.
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Table 4 Well adopted plants from Northern Africa, Tunisia for site remediation

Metal Species as relevant for Djebel Ressas in Tunisia (Source)

Pb, Lead Opuntia ficus-indica, Figuier de Barbarie [25], can mainly be used for
biomonitoring
Coronilla juncea and Globularia alypum [48]
Rosmarinus officinalis/Salvia rosmarinus, Rosemary [49]
Chrysopogon zizanioides, Vetiver grass [43, 50]
Atriplex halimus, Mediterranean saltbush [51]
Brassica juncea, Brown Mustard [52, p. 898, 53]
Vallisneria americana, Tape Grass [53, p. 898], not found on land, suitability
for fresh water reservoirs to be confirmed
Medicago sativa, lucerne or alfalfa [30]; Helianthus annuus, Sunflower [50]

Cd, Cadmium Coronilla juncea and Globularia alypum [48]
Rosmarinus officinalis [49]
Atriplex halimus, Mediterranean saltbush [51]
Silene colorata, Cloven-petalled campion [43]
Vallisneria spiralis, Eel grass, not found on land, suitability for fresh water
reservoirs to be confirmed [53, p. 891]
Bidens pilosa, a daisy species [54, p. 2]
Solanum nigrum, black nightshade or blackberry nightshade [54, pp. 1–2],
which can be poisonous both for humans and for macaques, however

Zn, Zinc Coronilla juncea and Globularia alypum [48]
Helianthus giganteus, giant sunflower, andMedicago sativa, alfalfa [55]
Rosmarinus officinalis [49]
Atriplex halimus, Mediterranean saltbush [51]
Rumex bucephalophorus, also known as horned, red, or ruby dock [43]

Cu, Copper Coronilla juncea and Globularia alypum [48]
Helianthus annuus, Sunflower [53, p. 898]

As, Arsenic Coronilla juncea and Globularia alypum [48]
Helianthus giganteus, giant sunflower, andMedicago sativa, alfalfa [55]
Pteris vittata, Chinese brake/Chinese ladder brake/ladder brake (neither
typical nor endemic in Tunisia), cf. Hakeem et al. [56], see in detail:
Hasanuzzaman et al. [57]

7 Conclusions

For a post-mining site remediation [14, 31, 32] finding and application of environ-
mental quality targets [17] is feasible and can bemodelled after projects like “Saumon
2020” or its predecessor “Saumon 2000” [27], for example:

Resettle an almost extinct species in an area where it had been living in the past
[28, 29]. For some of the areas in Tunisia,Macaca sylvanus, Barbary macaque/ape,
or magot, can be a native candidate. It is suitable for bio monitoring [27], to track the
heavy metals contents. Biomass samples can be taken via fur samples or via biopsies
(cf. [17] for earth worms).

Redevelop the current nature reserve around the Djebel Ressas mountain top into
an area in which Macaca sylvanus is to be resettled into a habitat suitable for that
species [29]. That can be implemented if the growing cement works still allow such
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a measure. As the summit of Djebel Ressas, see Fig. 1, is right below 800 m, the
minimum height of a habitable area is barely met. The Barbary macaque mostly lives
in areas above 700 m [29]. For phytoextraction, phytostabilization of the affected
soil by adapted plants [58], lucerne/alfalfa could be used ([30], also see Table 4).
However, as the Barbary macaque needs trees such as in “high cedar forests (Cedrus
atlantica), cedar/holm oak (Quercus ilex) mixtures, pure holm oak forests and cliffs
and gorges dominated by scrub vegetation.”, the fauna must be adopted [29]: The
dietary habits of the ape species need to be considered: “Its diet is primarily composed
of cedar (Cedrus atlantica) and the oak (Quercus sp.), which make up over 50% of
its total intake. It eats fruits (33% of its intake), tree leaves (16%), and other plant
parts (24%)” [29].

The local population should be fenced, in a pleasurable and natural way by trees
and bushes [42], from the mining deposits’ flue dusts (compare [15–17, 20, 30]) so
that the exposure to heavymetals via inhalation and ingestion is closer to international
WHO levels than under the current conditions [15, 16]. Also, under a site remediation
scheme, jobs in local projects can be created to ensure high acceptance levels among
the inhabitants of Djebel Ressas village and the surrounding area.

8 Recommendations

A site remediation project around Djebel Ressas village should ideally satisfy all
three aspects of sustainable development as defined by the Rio AGENDA 21 [9]:

1. Economic factors:
Local jobs can be created by tearing down the remains of the old mining facil-
ities and by centralising the mining waste deposits from three dumps to just
one, as immediate, short-term measures. By planting a living fence around the
village and the mountain can employ even more people on a smaller, long term
scale. The sales of polluted soil for a controlled use in road construction, see
NT 106-02(1989), cf. DIN 4301:2009-06 “Ferrous and non-ferrous slag for
civil engineering” (cf. [29]), outside areas with aquifer and groundwater wells
could generate profit for the project. All in all, one must ensure a high level of
acceptance among the locals.

2. Social factors:
By diminishing direct exposure paths, that is inhalation of heavymetals flue dust
unsettled by the wind, and the eating of polluted vegetables and fruits, the health
hazards for the local population can be reduced. The former mining facilities
must be demolished and the mining waste deposits be removed, via an exchange
of the top soil with less polluted one so people can safely grow vegetables that
are not deep rooting. The site remediation can thereby create short andmid-term
employment and has a long-term benefit for the village populace.
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3. Environmental factors:
By planting lucerne/alfalfa plants on site of the former mining waste dumps,
by creating a drainage system that stops polluted water from entering the water
reservoir southwest of the village, the spread of heavy metals can be slowed
down. The reintroduction of the Barbary macaque could be the long-term envi-
ronmental quality target. For this purpose, heavy metals-tolerant, well adopted
flora (cf. [34, 60]) and moreover trees that are suitable for feeding the macaques
can be planted.

9 Buzz Words

Table 5 summarize a number of terms that often occur in the context of phytoreme-
diation.

Table 5 Buzz Words within site remediation using plants

Buzz word Quick explanation

Bioleaching “Biohydrometallurgy uses the metabolism of microorganisms to dissolve
minerals and bring the metals into aqueous solution in the course of metal
extraction or to remove metals from water in the course of water purification
or metal extraction, e.g. by mineral formation or by means of complexing.”
[61, cf. 62]

Phytoremediation “Roots take up metals from contaminated soils and transport the metals to
stems and leaves. Leaves accumulate metals and are harvested to prevent (a)
soil recontamination” [58, p. 9]. Phytoremediation can be a framework term
for phytoextraction and phytoharvesting in the context of brownfield site
remediation [33], p. 310)

Phytoextraction Special well adopted flora can
• either extract heavy metals that are found in the soil and that are to be
removed for site remediation purposes

• or extract metals and other substances that can be useful for further
processing, for example for industrial purposes. Some sources [24, 34, 58]
describe this method as some sort of mining in a broader sense

Regardless its purpose, phytoextraction describes the use of well-adopted
flora in order to obtain solid matter out of other solid matter. It is also called
Phytomining if used in a more industrial scale style, or agromining, by
using special plants that hyperaccumulate [34] heavy metals in their bio
mass [33, 60]
Also, metals can be extracted by bioleaching

Phytostabilization When conducting a brownfield site remediation, a stabilization of the
affected soil can be reached by using certain suitably adapted plants, for
example in areas where there is a pollution with heavy metals. These would
be stabilized by the roots and by the incorporation into the plants’ biomass.
The phytoextraction by harvesting these plants can lead to a successful
phytoremediation

(continued)
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Table 5 (continued)

Buzz word Quick explanation

Well adopted flora This describes a group of heavy metals tolerant plants that grow in areas
with a high level of heavy metals in the soil, either because of natural
reasons or man-made disturbances of the ground (cf. [19])
For example, in some German mining areas, metallophytes ([34], p. 76, 83)
may such as
• the botanical class of Violetum calaminariae, dominated by Viola
calaminaria

• metallicolous vegetation (Armerietum halleri), mainly formed by Silene
vulgaris var. Humilis,Minuartiaverna ssp. Hercynica, and Armeria
maritime ssp. Halleri

Further studies are needed to confirm the existence of similar plant societies
in Tunisia [43], or of other species that can be used for phytoremediation
[58]
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The Agricultural Landscape of Sahel
Bizertin: A Heritage in Peril

Sondès Zaier and Saida Hammami

Abstract The present work focuses on illustrating the environmental consequences
of the development of urbanization on the agrarian landscape of the Tunisian coast.
It will be initially to show how this landscape is singular and evaluate in a second
time the impact of rapid urbanization on the transformation of coastal agricultural
space. Until they become a territory coveted by vacationers. The small towns of the
sahel Bizertin have evolved in a very slow way because they are enclosed between
the sea on the one hand and hills or mountain of one other. That developed an original
form of appropriation of farmlands in the form of small plots of land dedicated to the
cultivation of cereals, the arboriculture, the truck farming and the small breeding.
The originality of this system comes on the one hand, to its vicinity with the mouth
Oued Medjerda, the country’s most important waterway but with a peasant genius
that h as developed a natural environmentwhose formation and evolution are a unique
case in Tunisia. This is necessary to know, a culture that has largely contributed to
shaping the landscape of this region, which, in view of its practices, will have given
this region a character and an identity. These singular landscapes today suffer from
the new pressure exerted on the land by the vacationers who chose this area as a
new seaside place. The resulting pressure of urbanization will only aggravate the
deterioration of this agrarian system and therefore cause degradation of the coastal
landscape in the region. We are now entitled to ask about its future. It will then be
necessary, inevitably, to de-encrypt this mixed landscape to identify the values and
to determine the management strategies and its conservation and to find the means
of adapting it to contexts in permanent evolution.
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1 Introduction

The knowledge of landscapes as a value has become very distinctive and topical in the
last decades. The landscapewith harmonious and consistent relations between human
activity and preserved nature is an essential competitive advantage. A recognisable
outstanding landscape presents above all the identity of a certain area at different
levels. The treatment of the landscape also depends on the attitude of society towards
it, thus influencing the state and image of landscapes and the quality of our life [1].

The recognition of the agrarian landscapes of the Bizerte Sahel region must
be reflected in its characteristic climatic conditions, its ecosystems and its typical
vegetation. The climate and the terrain influence the diversity of the coastal land-
scapes. Geological diversity and diversity of landforms create a wide variety of land
use, spatial orientation, and hydrology. In the Bizerte Sahel agriculture has largely
contributed to shaping the landscape of Ghar El Melh [2]. Through its practices, it
has given this region, known for its agrarian landscapes, a character and an identity.
This region, today, its farmland is declining, especially on the banks of the lagoon.
This regression leads to a decrease in agricultural surfaces and an irreversible change
in its exceptional landscape [3].

The chapter aims to show the singularity of agrarian landscapes of the Sahel
of Bizerte and to evaluate the landscape and environmental consequences of the
development of the resort in the countryside.

2 The Sahel Bizertin: A New Contemporary Resort Area

2.1 Presentation of the Site

The Sahel of Bizerte is located about 60 km north of the capital Tunis.
It is a coastline stretching over 36 km, ranging from Ghar el Melh to Cap Zebib

and passing through RAF-RAF, Renin, Ras Jebel and Chott Memi (Bani Ata) and
Metline (Fig. 1).

The region lies at the end of the Atlas mountain range, offering a variety of
landscapes: Lagoon Coast to Ghar El Melh followed by fine sand beaches and rocky
shores to the south, all bordering a narrow strip limited by a mountainous terrain to
the north [4]. The coastline of the Sahel of Bizerte is a unit of remarkable landscapes
scarred by the know-how of peasants of Andalusian origin. The landscape is marked
by a rocky spur and especially by the oued Medjerda, who created a Lake enclosed
by an arrow natural [4]. The artificial boom, drawn by the peasants, delimits a lagoon
which each acre of land is cultivated uniquely. This natural site and rural landscapes,
reflecting the Andalusian traditions are currently threatened by the phenomenon of
development of the secondary residence and that of the orbiting of the cities of the
Northeast small and medium at 30–40 and 60–70 km from Tunis [5]. This chapter
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Fig. 1 Map of the region of Tunis and Bizerte, the various localities of the Bizerte Sahel

presents how the territory of the Sahel of Bizerte is unique, and provides a heritage
to protect and then exposes the pressure exerted on this territory.

2.2 The Seaside Boom and Urban Development of the Bizerte
Sahel

The saturation of the beaches of the Gulf of Tunis and the degradation of the tunisois
coast caused, during the seventies, the emergence of new categories of landowners.
Tunis elite buy land in near coastal communities of Tunis seeking agricultural profits,
speculative game but especially looking for new places of the resort away from the
saturated Tonisian beaches.

The transformation of the resorts on the outskirts of Tunis in places of permanent
habitat had so pushed the demand for second homes to new sites, which sometimes
escape any intervention by the public authorities [6]. The first form of the attraction
of the Sahel of Bizerte is related to the presence of a sandy coast still a virgin
[2]. All historical centres were established at least 1 km from the coast according
to a traditional Tunisian cities organization, which always takes place in the little
fertile and sometimes elevated sectors [7, 8]. The shore was reserved for agriculture
because the land is very fertile [9]. The image of a peaceful region with wide beaches
began to spread at the beginning of the century last thanks to the multiple stories [10]
describing this area and representations that have been made especially by Roubtzoff
paintings dating from the beginning of the century.

The first cottagers were those who, fleeing beaches saturated Tunis, have discov-
ered that the Sahel of Bizerte site ideal relay through the diversity of its landscapes,
the quality of its beaches and the sea. This first advantage linked to the natural
elements, was facilitated by a second linked to the development of the road network.
Geographic implantation of different bathing areas followed the nature of the busy
coast [11, 12]. In other words, a simple observation of an aerial photograph of the
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Fig. 2 Schematic representation of the urban development of the four localities of the Sahel bizertin

region shows that homes appear—feel there where there is a sandy coast and go
where there appears a rocky coast (Fig. 2).

In theMiddle, the townofRas Jebel, growing in the direction of the sea to theChott
Memi Beach, left the city of Raf–Raf with development of two seaside districts: one
at Raf–Raf Beach and the other at Ain Martin, who joined the seaside neighborhood
of Sounine. Finally on the right, the city of Metline who also sees the birth of a
seaside neighborhood through a sandy coast. Seaside urbanization expands to the
time near the beaches avoiding the cliffs and rocky coasts.

If this phenomenon of the resort is spontaneous, that the reorganization of the
entire region of Bizerte in metropolization of greater Tunis area is programmed. As
the master plan for development of the National territory: “The central objective is
firstly to succeed themetropolization” and themaster plan for and use planning of the
great Tunis (SDAT), which says “metropolisation would defer on peripheral cities
some of the growth and public investment”.

3 The Traditional Agricultural Landscapes of the Sahel
Bizertin (Identity)

The Sahel of Bizerte is rich in heritage and landscape identity reflecting the evolution
of the human occupation of the territory. The heritage value of the landscape ismainly
due to the time some. It gives an account of the mode of development of that time
which based on various elements: the fragmented agricultural rural, village, the port
and the fortresses kernels Street frame. Land of the permanent agricultural zone on
the edge of the lagoon and the terraces watching, even today, the Andalusian cutting
originated at the beginning of the seventeenth century [13]. Farmland, the ranks and
upgrades make a frame adapted to the morphology and geography ground on which
is based the development of smaller village centers. Gradually, small communities
formed leading to the creation of municipalities.
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To study the singularity of this agricultural system and the landscapes that result,
we choose two localities based on the administrative page discovered:

• The community of Ras Jebal: In this community, the choosing place the Raf–Raf
city.

• The community of Ghar El Melh who the city of Ghar El Melh will be a support
of analyse.

3.1 The Gattays of Ghar El Melh

Ghar El Melh, formerly known as Porto Farina, is a coastal north of the Tunisia,
living the fishing, agriculture and known for its historic site and its beach village. It
is located at the bottom of the lagoon bearing his name [3]. The lagoon is a body
of water of 30 km2. It consists of the basin of Ghar El Melh, Sebkhet El Ouafi and
Sebkhet Sidi Ali El Mekki isolated by a coastal boom and relayed bymarshy Islands.
Powered by the flooding of the ouedMedjerda, the large body of water is dominated,
on the side North by the jbel Ennadhour. Two arrows bound the central part of the
lagoon: an artificial to the West and the other natural East. Between the Lake and the
mountains spread agricultural land. These small parcels receive different cultures:
grain, arboriculture, gardening and small livestock. Enclosed between the sea on
the one hand and the mountain on the other hand, the city extends about 500 m
wide. These two natural limits are that the land has a very high value. What has also
developed an original form of appropriation of farmland and worked in different
ways by farmers.

Thanks to the patient work of amendment of the salty soils and freshwater runoff
collection (Fig. 3). The slopes are landscaped terraces of arboreal culture. The edges
of the lagoon grown in gardens market gardeners, while on the arrow artificial,
formed by a daily intake of baskets of Earth, residents, Andalusian origin, won
a polder protected hedgerows of Palms where the crops are protected by media
carefully aligned reeds. This old complementarity between agricultural and fishing
association shows a remarkable ability to organize the space.

The originality of this system is on the one hand, its proximity to the mouth of the
Wadi Medjerda, the largest rivers of the country and on the other hand, the peasant
genius who was able to highlight a natural mid-rise whose training and evolution are
a case unique in Tunisia [14].

Installation of the Andalusians in the region at the beginning of the seventeenth
century and later decline and shutdown of the race are the origin of a very intensive
earned both local operation on the mountain and the sea. “The Andalusian science of
gardening” more enriched in the nineteenth century in contact with Maltese immi-
grantswho developed the construction of terraces of cultures and continued to expand
arable land at the expense of the lagoon of Ghar El Melh and the old arrow Edhrea
and El Gattaya [15]. Very low, the banks of the lagoon of Ghar El Melh are almost
all bordered by marshy spaces sometimes very extensive. It is especially the north-
eastern sector of the lagoon that attracts the most attention with the gardening system
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Fig. 3 Carefully worked
agricultural parcels, today
threatened with
disappearance at the urging
of the cottagers on land to
build

that there is practiced: a multitude of tiny farms, gardens very carefully soul swum
called the Gattayas (Fig. 4).

The Gattayas show today a unique knowledge to the ecosystem of Ghar El Melh.
These spaces of culture attest to an old tradition, which operates a deep knowledge of
the behaviour of the freshwater in the coastal andmarine environment for agricultural
purposes. The surface of farms is conquered with contributions of land spread and
regularized to a carefully calculated altitude. The obtained soil must have a thickness
such that the roots of the plants that are growing can escape salt water but benefit

Fig. 4 The singularity of the place: the lagoon in gardens by fishermen-peasants, March 2016
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Fig. 5 Aerial view of the organization of the Gattayas

from the movement of fresh water from the water table. Located a few Decimeters
of depth, this tablecloth is subjected to a vertical swinging in connection with the
variations in the level of the Lake as a result of a semi-diurnal tide and 20 cm of
amplitude. Cultivated plants benefit of moisture from the ground or even naturally
irrigated, down, twice a day.

This “meticulous gardening”, on the edge of the lagoon, is at the origin of a
unique landscape of gardens, tiny, very neat and sometimes lost in the middle of the
marshes [10]. Farmers cultivate all types of vegetables on nearly 8885 hectares in
total.Also, the borders ofLake and coastal beltswasfilled and covered sanddesalinise
and fertilising elements including organic fertilisers; These new lands gained at the
expense of the sea have been subsequently used as gardens (Fig. 5). V. Guerin, who
visited the city in 1860, maintains us “these rich and laughing orchardsextending
on the edge of the Lake and at the foot of the mountain, and even the coastal belts,
gardens planted of olive trees, fig trees, almond trees and several other trees” [16].

3.2 The Planted Terraces of Raf–Raf and the Mixed Cultures
of Sounine

The site occupied by the city of Raf–Raf is characterized by a topography that is
diverse, including hills and narrow Plains. The historic core of the town occupies a
slope of a hill overlooking the sea unlike the other localities of bizertin Sahel that turns
its back to the sea. The traditional Center of the city is connected to Headquarters
Raf–Raf Beach by an old road that goes down to the sea and following a steep slope.
This topography is, according to Mourad Ben Jaloun, one of the factors that don’t
have much favored the development of human installation on the seafront, despite
the existence of a former group of habitation in the area called Dhar-Ayed [3]. The
reason also according to Pierre Signoles abreast than Tunisian ancient cities are often
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Fig. 6 The sides worked in terraces to Raf Raf to Sahel Bizertin

little fertile land. In this way and since the slopes leading down to the sea were very
fertile, they were reserved for agricultural activities.

Raf–Raf is characterized by precarious of terroirs specializing in viticulture. She
is known for itsMuscat grapes produced by of extensive vineyards planted in terraces
(Fig. 6). These vineyards, which have Mediterranean fame, formed a Crown around
the historical core of the city extending to the shore of the sea [17]. This culture on
the terrace was probably developed by Andalusian immigrants [18].

Between the Lake and the mountains stretch—transversely from the ground—
dependent agricultural land in the city. Plots are parallel to the contour lines structures
and receive diversified cultures: gardening, arboriculture, grain and small livestock.
The action continues toman since the eighteenth century, to extend surfaces cultivated
at the expense of the mountain, has shaped the landscape around the town. Thus, the
land was torn off in the mountains, by his side terraced landscaping, creating cultures
in floor performed by built-in stone retaining walls. These cultures extend up to a
level high enough on the side and are mostly arboreal plantations.

TheBay ofRafRaf ismade of reliefs lowand scenery to the fields sometimes open,
sometimes closed, but always carefully and intensely cultivated. Agriculture benefits
from the presence of a shallow water table and several hillside dams. Gardens all
around each town are trussed intensive cultures both dry (olive trees, almond trees, fig
trees,…) and irrigated (gardening). However, each region natural conditions allowed
a certain specialization of terroirs: potatoes in Ghar el Melh, olive trees in El Alia,
citrus Sounine and vines of the table to Raf raf (Figs. 7 and 8).
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Fig. 7 The Bay of Raf Raf carefully and intensely cultivated

Fig. 8 The Sahel bizertin gardens: the cutting geometry of small plots cultivated with care. Picture
The Atlas of Tunisia

4 Deterioration of the Agrarian System and Degradation
of the Coastal Landscape Generated

This specific agricultural territory becomes part of the area ofMetropolitan solidarity
of Tunis where the farmer controls less and less agricultural activity and where the
nibbling of the agricultural space is achieved through the diversion of land to the
urban speculation more remunerative [19]. Among the problems of the villagers in
the Sahel of Bizerte, the estate subdivision of parcels is a challenge illustrated by
the report of the size of the population to the agricultural land, in Ghar El Melh,
for example, each has only 0.5 ha. If this little island of land has still to be divided
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between the heirs, it is clear that the new generation leaves the land. Urban expansion
is especially carried out at the expense of farmland by permanent snacking. Also,
development of land speculation resulted in the expansion of abandoned land. Small
farmers who hold the microparcelles, especially in close to the beach, to abandon
their activities pending a lucrative sale.

Today several agricultural parcels are missing and have been replaced by homes.
Cultures in terraces leading down to a long fringe of the beach are coming out
say despite the situation of this space outside the municipal scope. These very
steep inaccessible terraces to the classic mechanization were long worked by hand.
Today, there are few farmers who maintain these terraces manually. The spatial
expansion of the resort, which now continues at a high pace, generates more and
more environmental problems (Ministry of Equipment, Housing and Territorial
Development/DGAT/Urbaconsult-URAM-BRAMMAH [20], study of the Master
Plan of Greater Tunis, final report, January (the source is in French)). This growth
has touched all side that has experienced an accelerated development concentrated
on the coastal strip, which led to profound changes in the landscape and a nibble of
farmland. This damage is amplified by the advance of second homes. The extension
is done on fertile farmland to urbanization. One of the major problems in this region
also concerns the excessive fragmentation of properties related to the dominance
of private ownership. Although agricultural land often remains the property of the
same family, the excessive land fragmentation causes many problems in agricultural
activity in the region of the regulatory construction.

5 Discussion

Farmers in the Sahel of Biezrte suffer today the new pressure exerted on their land by
beachgoers who chose this location as a new seaside place. The pressure of urban-
ization resulting will worsen the situation of the deterioration of the agrarian system
and therefore cause the degradation of the coastal landscape in the region. Today,
we are entitled to wonder about its future. Urban sprawl throughout the Sahel of
Bizerte especially carried out at the expense of farmland by permanent snacking.
Also, development of land speculation resulted in the expansion of abandoned land.
Small farmers who hold the can, especially in close to the beach, to abandon their
activities pending a lucrative sale. The locality of Ghar ElMelh knows in the summer
an increase considered-able in the number of its inhabitants more than 30,000 people
flowing daily to the seaside neighborhood according to local estimates. The impor-
tant extension of 1′ built-up area is 1′ origin of the pollution of the environment and
including the beach and the forest. Also, groundwater from shallow waters suffers
from over-exploitation of renewable resources [6]. The I-safe have been adopted in
the planning regulations, which are added to older protections on the coast, to those
of the so-called national law “law coastline” as well as the protection of a large
part of Sidi Ali El Mekki in respect of sensitive areas. Despite these measures, the
construction of secondary residence continues and local authorities resign themselves
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to let. The extension of the urbanization in Ghar El Melh and regression of coastal
farmland translates a urban duplication and a linear stretch of beachfront buildings.
This phenomenon tends to the standardization of coastal landscapes and causes an
intensification of coastal space that is gaining more and more the hinterland. Indeed,
the proliferation of homes does not grow only Ghar El Melh. In nearby locations,
the phenomenon began since the years eighty. A Raf–Raf, the precarious balance
that characterized the operating system has been broken following the demise of the
terroirs specializing in viticulture. The extension of the resorts is still spontaneously
resulting in serious degradation of the quality of public space. Thus, urban expansion
on the coast occurred also at the expense of farmland, which pushed many farmers,
who hold the microparcelles to abandon their activities pending a lucrative sale.
The consequences of no action to preserve the sustainability of natural resources
and sustainability of regional agriculture would be serious as well at the local level,
regional and national levels. The projection of the current trend shows that the degra-
dation of soils, of vegetation cover in hydro infrastructure and availability reduction
of irrigation water would be such as production systems can no longer continue to
exist and farms can no longer withstand the regression of the ac-agricultural activities
and because of the decline in their income. Thus, the situation in the medium and
long term would be characterized by a worsening of the risk of non-sustainability of
farming with inevitable repercussions at economic and social level.

6 Conclusions

Throughout this article, we have shown that the interest of the agricultural landscapes
of the Sahel of Bizerte is not limited to the fact that they offer a remarkable aesthetic
beauty. We have also been able to show that the key to the preservation of an agro-
biodiversity an overall meaning and present a valuable cultural heritage, but they also
provide sustainable multiple solutions related to work, to food and to the well-being
of farmers.

Although in most countries of the world, modernity has been characterized by
process of cultural homogenization and economic, in many rural areas specific
cultural groups are still associated with a geographical context and social in which
there are special forms of agriculture. Dynamic conservation of these sites and their
cultural identity may be the starting point for territorial development and social and
cultural renewal.

Agriculture in small towns can participate today in the construction of a sustain-
able city if it ensures “good, healthy, sufficient and sustainable food” [21] and it
participates in improving the environment. Life as well as adaptation to climate
change through the practice of ecological principles and can thus become a tech-
nical solution that reduces the effect of “heat islands” [22]. The generalization of the
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concept of sustainable city can thus generate an update of the city-agriculture links
which must imperatively involve the local communities [23].

Recommendations
It is essential today to involve the local community in local government.With the new
direction taken by the Tunisian government in 2018, promoting decentralization, it
is necessary to involve the population for a participatory approach.

The local government to support by the participation of the population can prove
the solution for the future and the safeguarding of the agricultural lands of Ghar El
Melh.
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The Urban Tree: A Key Element
for the Sustainable Development
of Tunisian Cities

Ikram Saïdane

Abstract In Tunisia, until the nineteenth century, the tree had a purely nourishing
role and was mainly found in the orchards outside the medina walls. In the large
Tunisian cities, the urban tree was born with the extension of the European city
(during theFrenchprotectorate) in the alignments of trees of themain avenues but also
in the public gardens and parks of the time. The ornamental tree was thus introduced
and symbolized urban aesthetics, hygienism and modernity, concepts in vogue at
that time. It was only thirty years after the independence of Tunisia (1956) that a
“green policy” based on new concepts emerged: the environment and the sustainable
development. The tree is at the heart of this environmental motivation and green
spaces have been created to protect flora and fauna, especially urban and peri-urban
forests, to combat pollution and to increase the ratio of green spaces. The Tunisian
State has sought to stimulate a dynamic of sustainable development by implementing
a series of institutional measures and specific programs encouraging the creation
of green spaces such as the National Urban Parks Program or the Ville- garden.
The present work will therefore aim to demonstrate the way in which the Tunisian
Government has implemented a green policy through the study of the method of
programming green spaces but also through themajor projects. These projects carried
out, to make the most of the place of nature in the urban environment in order to
envisage a sustainable development of the Tunisian cities.

Keywords Green spaces · Urban tree · Sustainable development

1 Introduction

In recent decades, Tunisian cities have undergone a major metamorphosis in the
areas of urban expansion and population growth. The relevant indicators showed that
nearly 70% of the total population currently lives in cities [1], in addition to the great
incessant development of urbanized perimeters to the detriment of agricultural and
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silvicultural zones and ecosystems. It should be noted that these changes in demog-
raphy, urbanization and lifestyles in general had a direct impact on the management
of urban areas in general and on the quality of life in particular. A number of programs
and projects aiming to improve the quality of life in urban and rural areas, have been
developed by the Tunisian Ministry of the Environment and implemented. We can
cite the program of the promotion of urban aesthetics (green spaces, urban parks,
environmental boulevards, boulevards of the earth, strategic routes and entrances of
cities …), besides the program of assistance to the preparation and implementation
of Agenda 21 and urban development strategies.

Green spaces are an essential element for the aesthetics, setting and quality of
life of a city. They help to ventilate the cities and must be considered as the lungs
of the city. They are places of relaxation, walk, rest, games for the youngest, sports
fields for all ages. They also have a significant impact on health, as many studies
have shown: they create “oases of better health around them,” according to published
research in the Journal of Epidemiology and Community Health [2]. These green
spaces are actively a specific part of Tunisian environmental protection programs.

This chapter will focus on demonstrating the role of the tree, a living component
of green spaces in the construction of sustainable cities. To do this, it was necessary
to return to the role of the tree in the city, a role that merges with the three pillars of
sustainable development because of its benefits for the territory, for man and society.
Then, it was about to see the short history of the introduction of the tree in urban
areas in Tunisia and especially in the city of Tunis. The tree that was having a food
role only, is having now an ecological, an ornamental role and even a symbolic
one. We will see that this interest for the tree in an urban environment manifested
itself during the period of the French protectorate parallel to the expansion of the
city according to an imported model. Since then, and with the increasing spatial
influence of Tunisian cities, there has been a real awareness of public authorities
of the ecological and social importance of green spaces. This concern resulted in
the establishment of a series of programs for the promotion and realization of green
spaces. We will focus specifically on the National Program of Urban Parks (NPUP),
a program still in progress and which claimed the creation of 100 parks throughout
the Tunisian territory. We will draw conclusions as to their presence in sufficient
numbers and their judicious distribution in the city.

2 Tree and Sustainable Development

The benefits of the presence of the plant in the city is no longer to be proven. They
can be divided under the three pillars of sustainable development. For man, they
concern health and well-being, social link and identity. For the environment and
natural balances, it is about biodiversity, thermal regulation, air quality, water flow
and soil protection. Finally, for the economy, it conributes to building valuation,
valorisation of plant products, urban agriculture and attractiveness of the territory
[3].
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2.1 Benefits for Man

Formen, access to green spaces and nature in the city contributes directly to the health
of residents and wellness [4]. Regardless of why trees provide so many benefits by
reducing stress, promoting physical activity, improving the living environment and
the state of health felt particularly for the sensitive populations that are children and
elderly people from popular backgrounds [5]. This is nevertheless highly dependent
on the quality of the site, its level of maintenance and its connection to the rest of
the city [6]. This is the reason why some associations work for the creation or the
improvement of therapeutic gardens in medico-social establishments [7]. Through
their frequentation and the activities that take place there, green spaces reinforce
social cohesion locally. Public green spaces create opportunities for contact between
people from diverse social and ethnic backgrounds. These interactions are all ways to
participate in the life of the community and develop a sense of friendliness. Commu-
nity commitment is decisive for the involvement of the population in development
choices, in dialogue and consultation [8]. Several authors speak of the role of green
spaces in social cohesion and some rely on field surveys. Those who do, recog-
nize that green spaces potentially offer more opportunities for social interaction than
any other space, thanks to their ease of access and their characteristics. Commu-
nity attachment seems reinforced by the presence of quality green spaces near dense
residential areas [9]

2.2 Benefits to the Environment

For natural balances, especially for biodiversity, green islands, urban parks,
connected within a multifunctional green network, have an essential role in the
conservation of biodiversity. Recent scientific work carried out in France as part
of the Urban greenway study, has shown the importance for urban biodiversity to
reconnect parks with each other to create multifunctional frames that respond to
environmental and social issues [10]. The second consequence on the environment
is thermal regulation since it is proven, that the presence of vegetation in the city,
reduces the urban effect and contributes to better energy efficiency of buildings. The
presence of trees around a building increases the overall roughness of the surface,
reducing wind speed and his penetration force. This effect reduces hot air in build-
ings in summer and cold air in winter, and allows for increased energy efficiency
[11]. One of the strongest arguments of nature in town today is certainly the effect of
vegetation on the local climate. Trees can reduce the temperature of a street by 2° and
in a context of climate change, this role takes an obvious interest and creates an urban
microclimate. The quality of urban air is largely influenced by the presence of plants
in the city [12]. Air quality is a major concern in urban areas in order to protect public
health and the environment. Several studies show that vegetation filters atmospheric
particles (including PM2.5) and absorbs pollutants (proven in particular for NO2 and
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SO2). Parks, green roofs, urban woods, etc. represent as many permeable surfaces,
offering points of temporary retention, slowing of the flow, and even infiltration of
rainwater reducing the environmental risks, in particular the floods and the erosion
of grounds [13]. An urban area dedicated to green spaces and vegetation is a form
of guarantee of soil preservation against its artificialization, the loss of its physical
properties, and its ecosystem functions or services (hydraulic functions, purification,
support of life). The presence of a vegetative cover protects it from erosion and settle-
ment caused by the impact of the precipitations and their flow. The root system of
vegetation in the city creates a real protection architecture in the soil, which makes
it possible to structure and prevent it even more against erosion.

2.3 Benefits to the Economy

From the economic point of view, the public and private urban green spaces favored
by the users lead to real estate gains for the housing located nearby as would the view
on a pleasant landscape or a waterfront. The proximity of a green space increases the
price of land [14]. The intensity of this phenomenon is very variable from one city
to another or even from one park to another. The quality of the living environment
and more generally of the urban environment is likely to contribute to the social
and economic development of the territory and increase its attractiveness. Parks and
gardens are frequented by residents, but also by locals and visitors. Sustainable urban
tourism is growing, and is seen as a “constant opportunity for the conservation of
biological and social diversity, job creation and the improvement of the quality of
life”. This form of cultural tourism combines the attraction for gardens and nature
spaces with the discovery of the city like architecture or culture. All the plant devel-
opments contribute to the image of the city, to the general atmosphere, to its beauty,
to its attractiveness. A prestigious park can be a reason to visit [15].

3 Introduction of the Urbain Tree in Tunisian Cities

3.1 The Tree in the Medinas

It was from the introduction of the French protectorate at the end of the nineteenth
century that the urban tree took a significant place in the city. This does not mean
that the tree was not present in the medina, but it was rare to see it in the narrow
streets of it. At the time of colonization, this urban model would be confronted, with
the introduction of the protectorate, to a new imaginary and new practices related to
aesthetic and economic values that were not those of the medina. The tree was inside
the patios of the Arab houses and the essences corresponded to species belonging
to the sacred because quoted in the Koran or utility because one wanted to join the
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useful to the pleasant one [16]. However, the tree was not as rare as one might think
in the life of the Tunisians of old. It was widely used in swani (large orchards and
vegetable gardens on the outskirts of the city) in which some of the Tunisians went
regularly. Indeed, the agricultural fields around Tunis, consisting of an olive tree
and other fruit trees, surrounded the city. There were also trees in the gardens of
aristocratic residences and holiday homes in the Beyli, outside the medina: in the
palaces of Bardo and Manouba and the summer residences of Marsa [17].

3.2 The Tree in the European City

Indeed, it was during the colonial era that the first public green spaces in Tunisia
were created and which accompanied the construction of the European city of Tunis
established outside the ramparts of the medina [18]. They had to convey the image of
a modern city that had nothing to envy to that of French cities. The most convincing
examples would undoubtedly be the belvedere park created in 1899 and the Habib
Bourguiba avenue promenade built in 1881. Thiswalkway (at the time called ‘Avenue
de laMarine’ in 1881 and ‘Jules Ferry’ in 1900), hosted thefirst alignment trees (Ficus
nitida) to contribute to the construction of the city center at the end of nineteenth
century. This quadruple alignment of the Ficus with an architectural size curtain
was arranged to bring the perspective from the gate of France (today Bab Bhar) to
the port. Ficus plantations have played an attractive role, shading certainly but also
amenity. These plantations have led to the affirmation of the notion of public space,
visual perspective and monumentality (Fig. 1).

In the European city of Tunis, alignment trees have helped to mark avenues and
streets by creating urban spaces [19]. Several squares appeared such as the square
of the station located in the present place of Barcelona, the square of the Qasba,
currently Place of the government. However, the tree in the urban park appeared first
at the Belvedere Park first made in the late nineteenth century. This park was a place
of attraction, rich in a wide variety of ornamental species. The Belvedere Park was

Fig. 1 Avenue Jules Ferry
1920. La tunisie illustrée,
Revue illustrée de
vulgarisation tunisienne, éd.
Imprimerie Weber, 1921
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created as a recreational and attractive space for a city that was lacking. This park
was a place for walking and meeting but also in a hygienist concern, providing shade
and freshness for a city known for its hot climate. It was designed in the English style
of landscape gardening with woods, streams and clearings and the plant species that
inhabited it were exotic and passed through the test garden where the different plants
from different colonies. This park is now in the heart of the capital and has undergone
several changes and the landscape concern has given way to environmental concerns,
health and education and is home to several unique species that exist nowhere else
in Tunisia [20].

Tunisia, and particularly Tunis, inherited, at the end of the period of the French
protectorate (1881–1956), a new urbanistic landscape model according to the occi-
dental model in opposition to that of the medina and its suburbs. Since then, and with
the increasing spatial influence of Tunisian cities, there has been a real awareness
of the Tunisian public authorities of the ecological and social importance of green
spaces, their presence in sufficient numbers and their judicious distribution in the
city as evidenced by the green policy implemented by the Tunisian State.

4 The Tunisian Green Policy

4.1 The Legislative and Institutional Framework

Since its creation, the ministry in charge of the environment reflects the commit-
ment of the country on the path of sustainable progress to initiate and establish an
environmental culture. It aims to propose the general policy of the State in the fields
of the protection of the environment, safeguarding nature, promoting the quality
of life and establishing the foundations of sustainable development in the State’s
general and sectoral policies. It is responsible for developing a national strategy for
sustainable development, defining measures to adapt the methods of planning and
management of the structures and institutions of the State to the foundations of the
mode of sustainable development. It is also the Ministry of the Environment that
conducts prospective studies on the environment and its relationship with economic
and social development, in order to help guide general and sectoral policies.

The protection of the environment in Tunisia is ensured by a rather significant
legal arsenal which reflects on the one hand, a political will mindful of the problems
related to the management of natural resources and confirms, on the other hand
the commitment of the country to use rationally and durably the heritage of future
generations.

Since the independence, several codes and laws relating to the protection of
certain elements of the environment have emerged, for example the Forestry Code
(1966, then recast in 1988), the Water Code (1975), the urban planning code (1979
reorganized in 1994), the law for the protection of agricultural land.



The Urban Tree: A Key Element for the Sustainable … 353

The rhythm of legislative and regulatory measures relating to the protection of the
environment has been strengthened since 1988, when the first public institution for
the protection of the environment was created, theNational Agency for the Protection
of the Environment (ANPE).

During the last two decades, several public institutions acting in the field of the
environment were successively set up, such as the Agency for protection and devel-
opment of the coast (APAL) created by the law no. 95-72 of 24 July 1995, the Inter-
national Center for Environmental Technologies of Tunis (CITET) created by law no.
96-25 of 25 March 1996. It should also be noted that, in parallel with these projects
and programs, the Ministry has sought to involve and guide stakeholders in inte-
grating the environment into the various development programs and projects (Portail
de l’environnement: Le développement durable, www.environnement.gov.tn/ [21]).

4.2 Specific Programs

The notion of sustainable development appeared in Tunisian political discourses and
real environmental policy was born, this is visible through themultiplication of green
space creation programs [22]. In terms of programming, green spaces are projected
according to two approaches: an urban planning approach that takes shape with the
different urbanism documents, and a project approach with the specific programs
devoted to the development of green spaces [23]. The urban planning documents
in Tunisia are presented at different scales: the National Spatial Planning Scheme
(SDAT) sets the development guidelines on a national scale whereas the Master Plan
of Development (SDA) is elaborated at the Scale of governorates. Urban planning
is done at the scale of the town and gives rise to urban development plans (PAU).
Finally, subdivision plans are developed at the neighborhood scale andmust conform
to plan specifications. According to the Territorial Planning and Town Planning Code
(CATU), the open spaces or wooded areas as well as the urban or natural landscapes
to be maintained or created must appear on the SDA cartographic documents.

According to the same document, the development of green areas, public parks
and natural areas should be included in the program plan, which constitutes the
achievement of the SDA, as well as all programs related to basic infrastructure, major
equipment and services and the development and enhancement of archaeological and
historical sites. The PAUs, documents of urban planning and regulation of the use
of soils made by the local communities, are the principal regulatory framework in
which the zones with the vocation of green space are delimited. Any zone can not
have another type of occupation. The change of the regulatory role of green space
can only take place through a presidential decree as stipulated in the CATU (1994).
In practice, all existing green spaces in the city are either programmed and realized
from the PAU, or integrated into these documents during their revision, for those
programmed and realized after the approval of the PAU or in the framework of
operations subdivisions.

http://www.environnement.gov.tn/
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The PAUs are the main documents from which it is possible to determine the
location of all green spaces in the city. They thus make it possible to define the
system of green spaces, in the absence of specific planning.

Green space programming is also done through specific programs generated by
the Ministry of the Environment such as the National Urban Parks Program (PNPU)
and the Garden Cities Program. The PNPUwas launched in the early 1990s to form a
“green policy” that aims to achieve a hundred parks throughout the Tunisian territory.

It has a twofold objective: to provide major cities in the country with urban parks,
equipment intended to improve the living environment of city dwellers, but also to
safeguard peri-urban forests. The National Project Cleanliness and Environmental
Esthetics (PNPEE), is a project carried out with the support of the National Agency
for Environmental Protection (ANPE). Among other actions, he attributes to cities
that fulfila number of criteria, the label city-garden. It can thus be considered as
generating green spaces because it encourages the municipalities to build public
gardens on their territory. To qualify for the garden-city label, the candidate city
must, among other criteria, have a minimum of 14 m2 of green space per inhabitant,
have at least five major green spaces including an urban park and a boulevard de la
environment and at least three well-developed main well-developed arteries. As part
of the promotion of the urban aesthetics of Tunisian cities, two other programs have
been launched, namely the national program of the Boulevards de l’Environnement
in each municipality and the national program for the creation of Boulevards de
la Terre in each municipality seat of the governorate. The green space promotion
program is added to the list listed above in order to increase the green space ratio,
which is still considered too low. Other urban and environmental planning tools are
added to this list and we can cite the green plan that aims to implement a policy of
preservation and enhancement of “natural spaces” and to reinforce the presence of
nature in the city.

4.3 The National Urban Parks Program

I will, however, focus on theNational Urban Parks Program because it is still ongoing
today. This program aimed to create 100 urban parks with the goal of preserving
nature and natural resources. Since its launch, this program has been placed under
the responsibility of the Ministry of the Environment and Spatial Planning. It led
to the creation of 39 parks scattered throughout the Tunisian territory. It is also the
program that most expresses the voluntarist policy of the Tunisian State to preserve
the green heritage and particularly the urban and peri-urban forests that constitute
socio-cultural and economic issues.

These natural spaces present opportunities to improve the ecological environment
of the city, to safeguard the natural wealth and to offer city dwellers recreational, rest,
relaxation, education, culture, approaching nature. Their existence, their evolution
through the power relations between city/nature and man/nature defining three types
of ecological, socio-cultural and economic issues, having an impact:
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• At the level of the environmental sector (ecological, the ratio of green spaces,
environmental education of the citizen and its approximation of nature)

• At the level of other sectors (integration of space-forest/city, urban development,
employment, tourism and recreation, health, education.

• At the level of the microsite itself (improvement—redeployment of the site,
promotion-attractiveness and viability once developed)

The ultimate objective of this program should be the strict protection of urban
and peri-urban forests against any kind of degradation, the stopping of any urban
invasion and waste dumping inside these areas, the improvement of aesthetics but
also the contribution to the establishment of sustainable cities.

5 A Case to Study: The Park of Sidi Bou Saïd

The urban parks, concretized by the National Urban Parks Program (PNPU), have
taken on an environmental vocation and are managed summarily while keeping the
forest vocation of the site to the maximum and consequently this limits the plant
biodiversity. Nevertheless the Sidi Bou Saïd Park, also called “El Abrachia” and
carried out in 2004 according to the same program stands out and is a good case study
because it obeys the main objectives and this in view its location, the vegetation it
contains and also the social practices related.

5.1 A Strategic Location in the Heart of the Village of Sidi
Bou Saïd

The park is located in Sidi Bou Said, a small coastal town in the North Suburbs
of Tunis. Sidi Bou Saïd is a village in Tunisia steeped in history and culture. It
was the place of passage or retreat of artists and painters, Sidi Bou Saïd implanted
on a hill, overlooking the Mediterranean Sea, the Gulf of Tunis, the ancient city
of Carthage and its archaeological remains. The village originated in the retreat of
the eponymous Sufi saint who was in search of meditation. The white and blue
colors of its architecture have been adopted by the Tunisian population under the
influence of Baron Erlanger, musicologist and painter who also settled in the village.
Powerfully publicized, these two colors have become emblematic of the village
marking a well-established landscape identity (Fig. 2).
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Fig. 2 Geographic situation of Sidi Bou Said’s park

5.2 An Ecological Continuity with the Surrounding Spaces

The Sidi Bou Saïd Park, is a green infrastructure within an urban area strongly
marked by the presence of natural spaces, including forests and green spaces of
different natures but richly planted. Indeed, near the park of Sidi Bou Saïd, we find
the park of Carthage also created in 2004, the American cemetery open to the public
side of Carthage (see Fig. 3). The Essaada Park atMarsa is also nearby. It was realized
in 2002 on the garden of an old Beylical palace become the seat of the municipality.
These “pieces of nature” are linked together by axes planted so that contact with
“nature” is never lost. This constitutes the very foundations of a well-constituted
urban greenway.

5.3 Integration with the Surrounding Urban Area

The park of Sidi Bou Saïd, is in a low-density urban fabric made up of residential
districts,University Institutes like thePreparatory Institute of Scientific andTechnical
Studies and the National School of Architecture and Urbanism as well as a primary
school. The park is easily accessible thanks to a hierarchical road network since it
overlooks the Avenue du 14 janvier, on the road to the Archbishop’s Palace and a
secondary road on the side of the primary school on the east side. It should also be
noted that the park has three entrances,which proves its connection to the surrounding
urban area (Fig. 4).
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Fig. 3 Continuaty of the park with the green spaces

Fig. 4 Sidi Bou Said Park’s environment

5.4 A Modern Landscape Reflection

Unlike other parks designed as part of the PNPU that have benefited from a summary
development, the Sidi BouSaid parkwas the subject of a development study entrusted
to the Tunisian landscape designer Jalel Abdelkefi. Landscape thinking is contem-
porary and in line with international landscape practices. The style of landscape
gardening is mixed and oscillates between regular forms (at the level of the plots
at the level of the entrances) and circular shapes entangled in the rest of the park
(Fig. 5).
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Fig. 5 Ground plan of Sidi Bou Said’s park. Turki and Zaafrane Zhioua [23]. Analyse de la répar-
tition spatiale de l´aménagement des espaces verts programmés par les documents d´urbanisme
dans le Grand Tunis

The latter generate curved perspectives inviting the progressive discovery of the
park. Note, however, the existence of a straight perspective in the long driveway
to Andalusian coffee. The park is spread over 31 ha in a pine forest, including
15 ha designed to accommodate visitors. It consists of small squares, a gazebo, an
arboretum, a playground, a fitness trail, a green theater, a lake and a picnic area.
Vegetation biodiversity shows a rich Mediterranean palette, it is possible to find
coherence between the distribution of vegetation and the choice of species with the
theme of sub-spaces: for example, a plot of bitter orange trees for the Andalusian
coffee park. Sidi Bou Saïd, a pine forest for the health trail of the same park (Fig. 6).

Fig. 6 a, b Planted pathways in Sidi Bou Said’s park
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5.5 Social Interaction Opportunities

The park of Sidi Bou Said is a green space connected to the city, open to the public
and offering aesthetic and functional spaces (although it has experienced the last
five years a relative deterioration of the materials of its equipment). It is a space
welcoming all social categories and all ages and has a steady attendance. Strong
benefits are associatedwith access to the Sidi Bou Saïd Park and themassive presence
of plants and areas suitable for relaxation or the practice of various recreational and
sports activities. The organization of events, educational and/or participatory actions
in the Sidi Bou Said park, testifies to a certain level of satisfaction of the users and
represents as many opportunities of meetings and exchanges, also contributing to the
culture and environmental education.

6 Discussion

The urban parks built under the (PNPU), have taken an environmental vocation.
The developments were carried out in peri-urban forests and therefore outside the
city and are summarily arranged as if one wanted to keep the original aspect of
the site, as natural as possible. The works are generally carried out in two phases:
a portico of entry, often monumental as well as the beginning of a fence are first
edified, then a second phase which consists of arranging the interior of the park. In
most cases, only a small proportion of the site is developed, the rest being left in the
natural state, that is to say a treed wilderness. These spaces, which have been created
by the legislation of some specific programs, even if they are only summarily and
particularly adapted, are counted, over their entire area as a green space, and thus
contribute to achieving the objectives quickly fixed in terms of squaremeters of green
space per inhabitant. It can be said that Tunisian green policy sometimes tends to
operate more quantitatively than qualitatively. Some developed sites are peri-urban
forests and do not constitute local spaces to improve the living environment and the
introduction of plants in the city to form green lungs. As for the periurban forests,
we find mainly the original vegetation of the site, that is to say, most often, forest
species planted before or after the creation of the park which generates relatively low
biodiversity for these spaces. The most common species in these parks are: acacia,
oleander, pine or olive tree. This has led to spaces with poor plant biodiversity that
contrast with the ecological and environmental vocation displayed by these parks.
However, this heritage remains fragile; it is not only a question of revealing it, of
putting it in value but also and especially ofmaking it lastwhat is not easy.However, it
should be noted that some public parks are sometimes places of incivility or increased
concern for users because of the presence of groups of marginal populations. Support
through consultation, appropriate mediation and awareness-raising among residents
often facilitate acceptance and social cohesion.
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7 Conclusions

Indeed, in Tunisia and in the largest Tunisian cities, green spaces were born with the
extension of the European city outside the medinas where this notion is totally illu-
sory. Tunisia has also become, over the years, an attractive tourist destination, since
then, the public authorities have tried to promote the creation of green spaces by
multiplying the national programs of the creation of urban parks (PNPU), develop-
ment of city entrances, creating boulevards of the environment in all Tunisian cities.
The creation of green spaces in urbanized areas has become a recurring message in
messages conveying an environmental policy, especially after adhering to theprecepts
of “sustainable development”. Green spaces have been rationalized as urban equip-
ment as well as cultural, sports or health facilities. They have been standardized in
the form of m2 per capita (the public authorities have set a minimum of 10 m2 green
space/inhabitant). This minimum standard was required for any new development
project. Tunisian green policy should be more in the direction of a green infrastruc-
ture aimed at restoring connections between existing natural spaces and improving
the ecological quality of the environment as a whole. For this, it may include several
natural components (protected areas, wetlands, forests, etc.) as well as multifunc-
tional areas in which priority is given to land uses that maintain or restore healthy
and diverse ecosystems. This could support the construction of “sustainable city”
while taking into account the preservation of biodiversity in current urban planning.
The notion of green grid appears as a way to take into account in the urban planning
the heterogeneity of the urban space by giving a sense of landscape and ecological to
the city. The objective of this study is to provide all the stakeholders concerned with
the keys to reflection and the arguments needed to restore the plant to its place in the
urban fabric and integrate the benefits that are linked to it in planning. The proposed
evaluation consists of three steps: knowledge of the territory, through the collection
of information; the promotion and enrichment of the dialogue with the cotoyens, via
the shared diagnosis; decision-making, through the identification of assets and levers
of action. The scientific literature shows that the role of the plant in the city can be
evaluated in many different ways. The main determinants of the benefits of the plant
can be organized into five transversal axes of study: Functional and aesthetic ameni-
ties, the accessibility of public green spaces, the quantity of vegetated surfaces, the
environmental regulation capacities and the ecological balances and continuities.

8 Recommendations

In Tunisia, development policies have for a long time, neglected environmental and
living environment issues. For the last two decades, theTunisian state tried to improve
comfort and attractiveness but also to warn about the vulnerability of the territory.

To answer this problem, we must be convinced that the very condition of sustain-
able urban development comes from the reconciliation between nature and the city.
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Unrecognized, the tree heritage is an active component of the city offering many
benefits and services: air conditioning of the city, participation in water manage-
ment, air and soil remediation, benefits on the psyche of urban … Faced with these
realities, we must be aware of this ally and promote the place of nature to consider
sustainable development of the city and of our lives. In this purpose, we need a
planning and a management tool able to gather all the actors of the territory whose
professions, actions or sensitivity are interfacing with the question of green spaces.
This could generate a support for shared knowledge and principles to build upon
to improve and harmonize practices ensuring sustainable and universally accepted
protection. To achieve this, we should not forget the civil society which, within the
framework of a participative democracy, has a crucial role to play in ensuring the
sustainability of the green spaces and their tree heritage making up the landscapes
of our cities.
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Interchange Between Agriculture
and Tourism in Hergla (Tunisia)
in the Context of Sustainability

Mohamed Hellal

Abstract Hergla is an old farming village, located on the eastern coast of Tunisia,
in the governorate of Sousse. The natural, agricultural and patrimonial assets at
Hergla would allow this typical village in the Sahel to develop a new type of tourism
up-to-date with the new international requirements in terms of sustainable tourism.
Although the integrated resorts project is suspended, the current tourismdevelopment
which is on the way seems to be soft. It is set up jointly with the development of
the residential and leisure sectors under the initiative of private investors. This urban
development is at the expense of agricultural land.Current urban control and planning
on the part of the public authorities seemmeager. Thus, the integrated resorts project
which is now on the agenda would be carried out at the expense of the coastal forest,
farmland and an already fragile coastal environment. Here, the state-led governance
to regularize stakeholders and role-players is contrary to the principles of sustainable
development.

Keywords Sustainable tourism · Agriculture · Environment · Heritage · Urban

1 Introduction

Hergla is an old farming village, located on the eastern coast. It is located to the
north of the integrated El Kantaoui Tourist Resorts, in the governorate of Sousse.
The success of the first integrated tourism resorts in Tunisia in El Kantaoui, set
up at the end of the 1970s, motivated the Tunisian state to invest more in tourism
development up north of the governorate of Sousse, in particular in Hergla. Faced
with the natural and cultural specificities of the site, the authorities are compelled to
adjust tourism spaces otherwise in response to new international standards in terms
of sustainable tourism. “The UN 2030 Agenda for Sustainable Development sets a
series of sustainable development goals (SDGs) “to end poverty, protect the planet
and ensure prosperity for all” by 2030. The Agenda influences tourism policy even
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though the Agenda resolution only mentions tourism three times. A “heterogeneous
constructionism” approach is adopted to examine the managerial ecology of tourism
and the SDGs. Managerial ecology involves the instrumental application of science
and economic utilitarian approaches and in the service of resource utilisation and
economic development” [1].

To achieve the principles of sustainable development, the Agendat initiate the
creation of new partnership relationships between the main actors involved in
this activity, in particular, the territorial actors, to forge the hope of developing
more responsible tourism in regard with our common heritage. Moreover, tourism
development is part of a global land management, which integrates local actors.

Originally, Hergla is a typical village of the Tunisian Sahel. It is distinguished
by its ruins, its typical urbanism, and its rural landscape. Although these assets
provide an opportunity to develop sustainable tourism, with the total absence and
withdrawal of the state, role-players, particularly private stakeholders, are turning it
into a lucrative business. We wonder here how the mechanisms of divergent interests
and the withdrawal of the state attempt once again, despite the previous experiences,
to destroy the ecology and the heritage of an area at the expense of the local popula-
tions and for the sole benefit of a purely market valuation of investors on a short-term
basis.

Let’s suppose the following hypothesis: the state governmentl to regularize the
stakeholderswith divergent interests in this projectwould be contrary to the principles
of sustainable development. Through our field studies, particularly through our direct
observations and interviews, wewould be able to confirm or disprove this hypothesis.

2 Potentials and Vulnerabilities of Hergla’s Resources

2.1 The Situation and Heritage Potential of Hergla

The town of Hergla has 7423 inhabitants according to the population census of
2014. It constitutes a Sahelian village, a “buffer” which marks the northern limit of
the social Sahel, where its village agglomerations are inhabited by populations that
resemble in their habits the townspeople of the region, and the southern limit of the
nomadic territory [2].

Hergla is located in the middle of a tombolo and in a coastal sandspit, about 6 km
long, carved in the cliff by the sea (Fig. 1). The nucleus of the city developed on the
site of the ancient Horrea Coelia. This was a Phoenician port which was prosperous
during the Roman period, as testified by the “Horrea”, which are warehouses of
cereals meant for export. The ruins scattered between the buildings also testify to the
Byzantine presence in the region.

During the Muslim period, Hergla became a small religious center organized
around the tomb of the “Sidi Bou Mendil” Shrine or Mausoleum. The main mosque



Interchange Between Agriculture and Tourism … 365

Fig. 1 Geographic localization of the agglomeration ofHergla in relation to its natural environment.
Source Google Earth, 2020

in the city bears its name. Here, the population is somewhat conservative and its
character is closer to that of a village than of a city.

Although Hergla is today a small town, it still ranks as rural. In 2017, in the
delegation of Hergla, exist find 8572 ha arable, 4305 no arable and 1277 ha in
course. In addition, there are no irrigated agricultural perimeters. The rural landscape
is marked by the presence of olive trees and palms. If the olive trees are productive,
then the palm trees are rather a decoration, especially in the coastal zones.

In terms of production, in 2017, 1300 tons of cereals and 2700 tons of olive
oil were produced. Moreover, in Hergla there are 3 oil mills with a transformation
capacity of 1000 ton/24 h.

On the urban level, the present agglomeration has a radio-centric structure. The
urban network ofHergla, which is stuck between the fields of olive groves and the sea,
still preserves the old core despite the effects of modernity. In the past, the traditional
structures of the “Dar Aarbi” type, which did not exceed the heights of an olive tree,
were in harmony with the rural landscape. These houses are always built with the
same materials: limestone for the external structure, stoneware for the walls of the
doors and the vaults as well as lime to bleach the walls and the roofs. The plans of the
houses do not reflect the origin and the social class of the owner but rather respond
to the needs of the rural and urban life of the inhabitants of Hergla. The skifa, the
reception space, and the patio, which are main components of the typical house, are
useful for domestic activities that are related to the rural life of this population that
works in agriculture and handicrafts.

The situation of the agglomeration in relation to the water spots gives it the
character of a Hergla peninsula; The sea to the east, the sebkha of Aassa Djriba to
the north, the sebkha Halk Elmejel to the west and the south. This natural situation is
partly responsible for its relative distance from major roads. It spared Hergla and its
coastline from the great urban and tourist changes that characterized the great urban
poles of the Sahel. However, the rural landscape, the remarkable architectural stamp
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Fig. 2 Marabout in Hergla.
Source Photographed by M.
Hellal, July 2008

(Fig. 2) and the ancient vestiges, which give certain originality to this agglomeration,
can make it a rich tourist spot. However, the mobilization of its assets for sustainable
tourism development is not without constraints.

2.2 Sensitivity of the Coastal Environment
and the Archaeological Sites

The village of Hergla is distinguished by its natural landscapemarked by olive groves
surrounding it and by its virgin beach, protected by the Madfoun Forest.1 However,
“at present, the coastline of theMadfoun Forest is showing signs of deterioration that
are sometimes significant, particularly in its southern margin…The speed of erosion
accelerated catastrophically especially after the establishment of the Hergla Fishing
Harbor in 1982” [3].

Concerning the southern coast of the city, it is at present undergoing great degra-
dation; the development of the fishing harbor is responsible for its degradation [4].
Thus, the cliff to the south of the harbor which is in permanent recession presents a
great danger not only for the road but also for the constructions and the summer visi-
tors who bathe at its foot. Furthermore, the retreats of the coast threaten the historical
sites which constitute riches to exploit in the development of the tourism sector. To
the north of the fishing harbor, “at the southern exit of the urban agglomeration of
Hergla, the sea is attacking the ruins of the old city Hora Caelia. Further south, the
front of the cliffs truncates, at different points, other ruins as well as the remains of
ancient lime kilns [5]”.

1 It was planted in the 1960s. It presents itself as a green strip parallel to the beach. The purpose
of afforestation of the site was to fix the coastal dune. It is made up mainly of acacias, eucalyptus,
pines and shelters a varied fauna composed of wild boars, hares, red partridges, and hoops among
others.
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Due to the urban extension and the natural sense of Hergla’s immediate environ-
ment caused by the lack of protection andmaintenance, many archaeological sites are
in danger. In a national inventory carried out in 1987 covering Hergla region, there
were 41 sites which “contain ruins, many of which have disappeared today, and
there are only a few walls, cisterns, columns, carved stones, and pieces of pottery left
…” (Annabi, in Fehri [6]). Mendres, which contains large carved stones and pottery
pieces as well as a Roman road engulfed by the sediments of Sebkha Halk el Menjel,
is among the sites in danger. In fact, the only site that is currently the object of exca-
vations is the one located to the south of the city. There are several vestiges: cereal
reservoirs covered by colored mosaics and a residential area consisting of several
houses and basins covered by mosaics as well.

The intervention on the Roman quarter is not comprehensive, and it concerns only
one part due to the lack of funding. According to the person in charge of the site,
the intervention in the site aims only for maintenance. Indeed, maintenance is costly
(weeding, restoration) seeing that the ruins previously cleared up are now in degrada-
tion. This person explains the complexity of the excavation sites and the importance
of the site: “The proximity of the sea makes the task complicated especially with the
harmful effects of salt on the texture of the materials. Our main target is to keep the
authenticity of the site without bringing massive interventions. In reality, the Roman
house which has already been cleared up and which dates back to the third century
AD has specific components: mosaics, thermal baths, private port. It can be a tourist
attraction without the excavation being finished. Anyway, we are not obliged to show
everything to tourists.”.

Finally, while natural and patrimonial heritages represent assets, their fragility is
a constraint in terms of sustainable tourism development. This type of tourism must
develop in interaction with pre-existing economic activities, including agriculture.

2.3 The Evolution of the Socio-economic System in Hergla
and Its Implications on the Urban Environment

The traditional local economy of Hergla is diversified and consists of woven press
baskets’ crafts2 based on alfa and pottery as well as fishing and olive growing.
For a long time, the population originally has been living from the product of the
home-made woven press baskets for use in the oil mills, which constitutes a certain
economic and social balance by the redistribution between the populations of the
induced wealth of the olive trees.

However, for at least two decades, the traditional activities of Hergla seem to go
through a serious crisis. In fact, agricultural activity continues to decline because of
urban development on arable land. So, traditional alfa weaving is going bankrupt due
mainly to competition from nylon baskets in the 1990s and mechanical oil presses
imported from Italy and Turkey during the 2000s. Moreover, the supply of alfa from

2 An interview realised with the site manager in June 2010.
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the regions of the interior has become random, insofar as these steppe territories are
influenced by the advance of the desert. Also, dry land crop degradation is caused
by the fragmentation of the property and the continued salinization of soils.

Hergla remained, until then, away from the Tunisian tourist area. Several causes
are at the root of this exclusion; the conservatism of the Herglians who have been
fiercely opposing this type of imported activity [7], the situation of Hergla on a
secondary road … Previously, there was only one access to Hergla via The National
Road No. 1. In fact, between Hergla and Sousse there was only one track that crossed
Chott Meriem, passing through the Husseinite Bridge, which was transformed into
a road after the floods of 1969. This realization enabled a relative opening-up of
Hergla. The construction of the El Kantaoui Marina in 1979 and the opening of
several hotels in this new resorts attracted many young people from the village to
work there.

The gradual involvement of the inhabitants of Hergla in the tourist activity has
contributed to the improvement of the standard of living through a fairly regular
additional income from tourism. Simultaneously, the residential sector is beginning
to develop inHergla. The authenticity of the village and the quality of its beach attract
mostly Sahelians to build second homes. Thus, this residential activity is combined
with another type of leisure: cafés, restaurants … Moreover, there are many people
who went to Hergla for a visit and who decided later to rent or to build a house. That
is why at the southern entrance of the village we notice an urban boom.

The new urban network that extends southwest does not respect the local archi-
tectural style. Faced with the realization of the imported-style villas, which do not
go hand in hand with its heritage and its identity bases that make its reputation, the
village is gradually losing its architectural trait. In reality, the municipality is the first
actor responsible for the urban management and conservation of the urban heritage
of the agglomeration. Therefore, it assumes responsibility for the degradation that
reaches the Medina-style tissue of the agglomeration. However, to build in the old
core of Hergla, one must have the permission of the National Institute of Heritage.

Concerning the degradation at the level of the old core of the agglomeration
of Hergla, the architect town planner of the municipality of Hergla does not hide
that “there are several difficulties in managing the ancient urban network of the
town of Hergla. Indeed, where some citizens improvise a withdrawal to benefit from
a better aeration of their habitats, yet the alleyways make the originality of the
medina”.3 He also highlights the difficulty of enforcing the urban planning by the
law. In fact, “in Hergla, as everywhere in Tunisia, obtaining the authorization to
build is not systematically a regulatory constraint. So, even after the obtaining of
the authorization of the plan, we often manage, during construction, to circumvent
the law. The application of urban planning regulations is particularly difficult for the
well-to-do people who always try to import a foreign architectural style. However,
Hergla has its specificities and colors: white for the walls, blue for the windows,
doors and all the external accessories of the houses”.4

3 Interview conducted in June 2018.
4 Idem.
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On the ground, the urban change, which takes place through the facades of the
houses, becomes an object of distinction and pride. The multiplication of styles of
construction in inadequacy with the old urban network is an indication of a “crisis
of identity”, since the agglomeration is increasingly invested by the “foreigners”.
However, the authenticity of the city makes its tourist attractiveness.

Hergla suffered a change of the local economic and social system.The old commu-
nity system, which is based on agriculture and handicrafts, is beginning to give way
to a new system based on services (residences, leisure activity areas) that is carried
by “foreign” actors. Thus, in the future, the development of tourist activity could
participate in the evolution of this system.

3 The Attempts and Constraints to Realize a New
Integrated Tourist Resorts in Hergla in Relation
to the Sensitivity of the Site

3.1 The Stakes of the Hergla Integrated Resorts

In 1979, the first integrated resort in Tunisia was inaugurated in El Kantaoui (13,600
beds). It was intended to be an innovation in tourism development. It is organized
around a marina and offers multiple choices of accommodation (hotel, residences
…) [8]. The success of this project and the growing demand for residential and hotel
lots prompted the Tunisian authorities to invest more under the same concept and to
start a similar resort project at Hergla. This tourist project would be a few kilometers
from the new Enfidha International Airport, already inaugurated in October 2009,
with a capacity of 5 million passengers per year.

Officially, at the end of 1990, 13 new integrated tourism resorts were planned
in Tunisia, 4 of which were planned in the Gulf of Hammamet; Hergla, Salloum I,
Salloum II and Yasmine-Hammamet (already realized). The SDAT (Master Plan for
the Development of the Tunisian Territory) of 1997, which confirms these achieve-
ments, projects that each of these resorts will have a golf course and a marina to
culminate in a national chain of these facilities which would allow the development
of recreational and golf products.

For the development of the resort between the town of Hergla and the Medfoun
Forest, the Hergla Tourist Promotion Company was created. This company named
after the decree of December 31, 2004: Hergla Study and Development Company
(SEDH). It was created by the North of Sousse Study and Development Company
(SEDSN), which has already promoted El Kantaoui, the municipality of Hergla and
some Tunisian banks.5

5 The initial social capital is 250,000 which immediately soared up to 500,000 for the financing of
the studies. However, during the 1990s, the project was delayed in favor of the South-Hammamet
tourist area.
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The Hergla site offers, in addition to the seaside product (sand, sun, sea), cultural
and landscape potentials that allow the diversification of the product and therefore the
introduction of a new qualitative dimension for Tunisian tourism. In this space, there
are two sensitive environmental components that are included in the development
project of the tourist resorts, namely the 100-ha El Medfoun Forest along the beach
and the 1300-ha Assa Djriba Salt Lake. However, the sensitive nature of the project’s
reception area gives a particular dimension to this new integrated resort.

The trend of sustainable tourism has contributed to the renewed reading of the
“integrated resort” concept, which now places greater emphasis on the environmental
dimension. Today, an integrated resort is one that integrates effectively with its urban,
economic, social and natural environments. To this end, the projectmust be integrated
with the rural landscape, which would be decor, and the agricultural activity.

The Tunisian state retains a lesson from the experience of Yasmine-Hammamet.
The project of this resort, decided by a decree in 1989, can illustrate how leaving
the private sector in tourist development without effective state control and without
coordination between the concerned actors can lead to harmful consequences for the
natural environment and the sector in general. Indeed, in this project, the state has
withdrawn itself from the realization of the most expensive equipment, the marina
by choosing to entrust it to an Italian promoter, Marinveste, who will benefit from the
gains of such an infrastructure. This investor who designed the port and its marina,
and for reasons that can be estimated mainly financially (maximum profitability on
investment), increased residential and port capacity by up to 720 rings, enlarging the
project by illegal encroachment on the maritime public domain.

The subsequent withdrawal of Marinevest from the completion of the project is
replaced by the creation of the new SEAMHS (The South of Hammamet Marina
Study and Development Company) for the realization of the project according to the
initial design and the results of inherited studies without ever updating them. As a
result, this orientation has obviously had immediate effects on the environment: the
natural movement of algae and sand from the north to the south is prevented by the
dikes to the extent that we notice a very unpleasant accumulation of these algae on
the beaches of the tourist resort double damaged by sand erosion from the south coast
beyond the marina. In fact, the problem of the sea functionality and environment,
from which Yasmine-Hammamet suffers, is due to the disengagement of the state
and the non-involvement of the territorial actors in the project. Local actors who drew
attention to these problems under integration of the latter project with the natural and
urban environment of the tourism project were excluded from the planning of the
resort. As a result, the resort did not meet sustainable tourism standards. However,
these shortcomings added insult to injury to the already existing ones related to urban
choices in the resort, which ultimately resulted in a saturated tourist area during the
summer season and abandoned by tourists during the rest of the year [9].

The experience of Yasmine-Hammamet provides an eloquent example of the
importance of the natural environment in the success of tourism investments. Such a
statement prompts tourism managers to give importance to the natural environment
in the future for Hergla resort; especially since it is located in a sensitive area which
has given rise to two Master Plans.
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3.2 The Salloum-Hergla Sustainable Development Master
Plan and the Bouficha Development Master Plan,
Enfidha and Hergla

This prospective document, carried out in 1997, is decided after the programming
of 4 integrated resorts in the Gulf of Hammamet; Yasmine-Hammamet, Salloum I,
Salloum II, and Hergla. It assist in the adoption of management choices that will
allow a coherent and well-thought territory development while favoring the aspect
of environmental sensitivity as well as potential for agricultural preservation or for
heritage (archaeological, urban interest …).

This SDA encourages the preservation of the major components of this sensitive
system and its specificity. Indeed, “the presence of the many salt lakes “sebkhas”
identified on the site and the Madfoun Forest (…) play an important role in the
phenomenon of “virgin space”, which characterizes this zone (in relation to the
Tunisian coast)” [10, p. 31]. It also calls for the preservation of the heritage qualities
and its valorization: “if the ancient remains are hardly visible, they are nonetheless
very important or even unique” (idem). It emphasizes the importance of the urban
specificity of the old Hergla. For this “it is advisable to have a program of safeguard
and rehabilitation” (idem).Moreover, the concern for sustainability “is, therefore, the
source of delimitation of the perimeter of safeguarding and prohibition of ecological
sites” (idem). The SDA proposes conciliation, however difficult, between the delim-
itation and the safeguard of the zones of interest on the one hand and its integration
with the tourist project on the other hand.

In 2006, the state updated the SDA of the Salloum-Hergla sensitive area by the
SDABouficha, Enfidha andHergla to look for a framework of coherence of themajor
projects programmed in the Gulf of Hammamet, especiallay the deep water port, the
logistical zone in Enfidha, and Enfidha Airport, which are close to the future tourism
project of Hergla. The SDA is justified by the socio-economic upheavals. That these
projects will undoubtedly entail, the multiplication of water and other public services
needs, the welcome and the housing of the employees who are of such a magnitude
that, they require a global thinking on the future of this region and its management
principles [11].

Moreover, Hergla is of particular importance because it is the oldest human
implantation in the study area, which requires special attention to integrate it with
the other programmed projects, especially that it is “The object of more or less happy
transformations” [11]. The SDA encourages taking into consideration the archaeo-
logical wealth, paying particular attention to excavation and preservation, especially
as these sites are situated on the southern coast, which is threatened by coastal erosion
attacks.

The SDA points out “a significant degree of vulnerability that characterizes the
village ofHergla as far as ChottMeriem” [11]. This finding suggests that it is “of great
importance in so far as it implies certain care in the planning of coastal developments”
[11]. However, he sees that “the realization of any development, even” light, “on the
Medfoun Forest would prove very quickly fatal for the balance of the latter. The
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SDA warns that” this risk is all the more serious when it comes to the possibility of
digging the salt lake. Indeed, the artificial lake that would be developed will increase
the salinity of the soils and thus jeopardize the plant species of the forest. Moreover,
the opening of the salt lake on the sea will disrupt the sedimentary equilibrium and
subsequently the erosion of the littoral [11].

Finally, the SDA puts a condition for the proper implementation of its proposed
measures “without risk for sustainable development unless very strong coordination
between all the technical partners is established in an official way” [11].

3.3 The Planning and Governance of the Hergla Integrated
Resort Project

At the time of its decision by decree in 1989, the project of the tourist resort integrated
into Hergla was marked by certain gigantism; It had 30,000 beds in its initial version
and was to cover 1200 ha. However, the SDA of the Salloum-Hergla sensitive area
imposes a reduction and the accommodation capacity is reduced to around 13,000
beds, on the basis of an average density of 80 beds per ha. Cette orientation explique
le choix de développer un concept de “haut standing” et de “jardin” de station.6 The
program of the project aims to complement the regional offer to attenuate its strong
seasonality and the creation of a new image by new tourist segments by “opposing
the concept of Hammamet South (high-density areas exclusively reserved for seaside
bathers) and preferring more integrated and more personalized areas” (Idem).

After its incorporation, the Hergla Study and Development Company carried out
a Detailed Planning Plan (PAD) associated with a Feasibility Study and an Impact
Study.

Through the PAD, a project has been programmed with a total area of 1200 ha, of
which 800 ha are devoted to green spaces. It provides a resort with hotels, a residential
area, entertainment facilities, a forest massif, a golf course … which are organized
around a pole (marina, island, esplanade) that will be arranged at the Aassa Djriba
Salt Lake. Through this program, we sought a certain complementarities between
the programmed animation equipment and integration of the project with its natural
and urban environment. The golf course, which is programmed to be located north
of the resort, has a direct view over the lake and the sea. At the southern end of the
development plan is amarina of 350 knots and around themarinawhich presents itself
as the culmination of themain boulevard of the resort. All themore, “the architectural
expression of the marina should be inspired by the regional architectural vocabulary”
[12, p. 4]. Thus, to confirm the lake-like character, an island is located in themiddle of
the lake composed of a reconstituted ancient village which would delimit the marina
and ensure a pedestrian promenade towards the forest.

The project impact study accompanying this TBP did not hide the fact that “the
impact on the environment is not negligible since it upsets the whole of an ecosystem

6 Municipality of Hergla and DIRASSET (Design Office), p. 5, 2008.
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(…).Other effects are reported, such as the possible damage of the forestmassif.” [13,
p. 54]. Faced with these negative impacts, the study is limited to a few compensatory
measures and the recommendation of more specific studies. It seems that certain
choices of development are imposed by the state; economic concerns and the need
to create jobs are strongly present in the project’s program. In such a way that the
impact assessment, in view of the negative consequences of the project, considers that
“these effects may seem insignificant in comparison with the formidable economic
and social development that the project will bring about” (Idem).

By the time the SEDH seeks to increase its capital and purchase the rest of the
lands belonging to the private sector with the help of AFT (Tourism Estate Agency)
in order to realize the tourist resort, the Emirati group Emaar7 enters online. This
foreign promoter proposes to invest in the site with a cash of about 2.54 million
dinars. The realization of this new resort of Hergla illustrates a great disengagement
of the state since the site would be given in this case in a concession to the Emirati
promoter to realize and manage the project.

In the model presented by the Emirati promoter, the project is based, in broad
outlines, on the PAD ordered by the SEDH; But it is more focused on real estate, on
the aquatic development and on a maximum rationalization of space. Emaar plans
to build a marina and around it a “Marina of Ksours”, an 18-hole golf course, a
residential complex of 1300 villas and 3350 apartments, a thalassotherapy resort,
restaurants, and only 3 hotel units with a capacity of 1200 rooms. This program,
which focuses on real estate to ensure maximum profitability, also aims to build for
the first time in Tunisia hotels of categories of more than five stars (luxury tourism);
the objective is to attract a spendthrift clientele.

This grandiose project was canceled, without the media in Tunisia giving the
slightest explanation. Following the Tunisian revolution (2010–2011) and the flight
of President Ben Ali to Saudi Arabia, the media have emerged from their slumber.
The electronic newspaper (Invest in Tunisia) explained that the wife and brother-in-
law of the deposed president, BelhassenTrabelsi, were behind this cancellation. In
fact, the Emirati investor was not able to start his project without giving an important
commission to the Trabelsi family. At the end of the Ben Ali era, BelhassenTrabelsi
was in the habit of acting as an intermediary between the businessmen who wanted
to invest in Tunisia and the former president who, in principle, used to give the
permissions [14].

Finally, following the cancellation of the Emaar Project, what are the prospects
for tourism development in Hergla?

7 Emaar promoter Emaar, one of the world’s largest real estate groups. Emaar’s capital of 40 billion
dollars is held at 33%by the governorate ofDubai, 34%by the group’s foundations and the remainder
by shareholders on the stock exchange. Among the group achievements is the highest tower of the
world “Burj of Dubai” which is 750 m high.
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4 Prospects for Sustainable Tourism Development
in Relation to Urban, Agriculture and Environment
in Hergla

4.1 Prospects for Tourism Development in Relation
to Agriculture

Even if the project of its integrated tourist resort is suspended, for several years, the
tourist activity continues to develop in Hergla. Under the initiative of several actors,
a “soft tourism”, is developing in parallel with residential and leisure activities, in the
agglomeration of Hergla. Since the 1980s, the Hergla site has been twinned with El
Kantaoui restorts for tourist excursions organized by a few travel agencies; The first
is an example of a typical Sahel village and the second is a reconstruction of Tunisian
urban and architectural heritage. Thus, the tourist guides like the Routard incite to
visit this traditional village. The authenticity of the village, which has encountered
difficulties in growing because of its geographical location as an almost island and
the conservatism of the Herglians by their attachment to the traditional activities,
make its tourist attraction. Even if there are no hotel units in Hergla, there are 3 guest
houses, which make advertisements for their rooms on electronic reservation sites.
In reality, these units do not have the status of “Guest Houses”, which corresponds
to the specifications of the Ministry of Tourism of Tunisia, but rather they sell “guest
rooms”. According to our interviews carried out on August 3, 2017, within the
municipality of Hergla, the owners of these units pay only the ordinary taxes on
housing. Thus, two new promoters have already filed their applications with the
Ministry of Tourism and the municipality of Hergla to open two real guest houses
(cf. Fig. 3). Here, it is not a capital investment, as it was already in the Tunisian
tourist areas, but rather a development of new tourism, which is an alternative to
mass tourism. These are small accommodation units, which fit into the urban and
community network of Hergla. Thus, these small constructions fit perfectly with the
rural landscape of Hergla. In terms of integration with agricultural activities, these
guest houses are distributed local dishes based on olive oil and other local products.

It is a new type of tourism that is beginning to enter the village without disrupting
the foundations of the local economy. This type of “sustainable tourism” attempts to
integrate into existing economic activities, such as handicrafts. The weaving of the
alfa turns towards other designs especially touristic: the manufacture of decorative
objects and souvenirs for tourists, umbrellas for restaurants and hotels, etc. Little by
little, the village converts itself into touristic and para-touristic services. Today, there
are more than 12 cafés, some of which are touristic, 9 restaurant-cafés and several
handicraft shops based on alfa and local pottery. The residential sector is developing
in parallel with activities related to tourism and leisure.

Since the 1980s, the well-off Sahelians, mostly immigrants in Europe, have begun
to build luxurious villas in Hergla. In the Sahelian perception, Hergla is the “Sidi
Bou Said of the Sahel” and has the most virgin beach in the region, since it is in



Interchange Between Agriculture and Tourism … 375

Fig. 3 Guest house in
Hergla “Dar Khadija”.
Source https://www.tripadvis
or.fr/, November 2020

front of the Medfoun Forest. The number of second homes is constantly evolving.
Private and public real estate investment is booming to meet the demand of summer
visitors. At the southern entrance of the city, there is a forest of buildings, which is,
unfortunately, in disharmony with the old urban network of the city. This is the AFH
district (Housing & Estate Agency), which is a public operator that provides land to
individuals or developers for constructing buildings.

TheAFH“Corniche-Hergla”HousingProject, covering an area of 40.6 ha, devotes
11.25 ha for the individual houses, 4.19 ha for the collective houses 4.8 ha for the
equipment, 5.23 for the equipment and the housing and 15.1 ha for the roads (see
Fig. 4).

The new districts of AFH and Ennouzha, which lie south of Hergla, are home
to foreign residents. The latter are either tenants on a weekly basis or purchasers of
the housing. According to our interviews with the commune of Hergla, alone in the

Fig. 4 The AFH “Corniche-Hergla” Housing Project. Source Photographed by M. Hellal,
November 2019

https://www.tripadvisor.fr/
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district of the AFH, there are 54 foreign owners, of several nationalities, but mainly
European. These residents occupy their residencesmainly during the summer season.

In recent years, we have been noticing the purchase of traditional houses in the
ancient network of the city by foreigners, especially French and Italians. In search of
expatriation, these foreigners buy these authentic “dars”. Thus, they do restoration
work, and they adapt them to their needs in comfort. According to the financial
service of the municipality of Hergla, there are 12 dars bought by foreigners, who
reside in them for a good time of the year.

The development of the residential sector, in parallel with the leisure and tourism
activities, participated in the urban development of the city. This urbanization is at
the expense of agricultural land. This complicates the urban management of the city,
as long as the rural landscape and the natural environment are Hergla’s assets.

4.2 Urban and Environmental Management of Hergla
in Relation to the Development of Tourist and Residential
Activities

Hergla was erected as a commune on 26 April 1966. Hergla’s first development plan
was approved by Decree No. 41/67 of 10 January 1976. It was first revised and
validated by Decree No. 1042/90 of 8 January 1990 and a second one approved by a
decree of the Governorate of Sousse on 14 February 2003. However, the last revision
of the PAU, covering an area of 337 ha decided by the decree of 9 November 2007,
is not still completed. It is since the aediles awaiting the approval, especially that the
city needs a document of urbanism in accordance with the regulation. The revision
of the urban development plan aims at the best management of the growth of the city
and the harmonization of operational planning projects (of housing and tourism)with
the rest of the urban network that already has its architectural and urban specificities.

The blocking of this last revision of the PAU is explained by the competition
between the private actors and the institutional actors on agricultural and lagoon
fields. The former try to convert them into constructible land and the latter wish
to keep them. These lands, which are naturally non-constructible, now constitute a
territory invaded by the anarchic habitat. This sprawl is mainly done at the expense of
productive agricultural land and the DPH (Public Hydraulic Domain) which together
constitute the landscape that specifies Hergla. To this end, we note that the economic
and urban dynamics have been faster than the reflex of the public authorities who
have to anticipate this evolution.

The Urban Planning and Development Department of the municipality of Hergla
manages the urban area through a provisional plan which does not have any legal
basis. For example, the para-hotel project “Hergla Diamant” (see Fig. 5) was autho-
rized in an area planned for this type of construction in the new PAU, but which is
not yet approved. Thus, there are different zones, which have a relation to the tourist
activity: a hotel accommodation area and a tourist entertainment area. The blocking
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Fig. 5 The para-hotel project “Hergla Diamant.” Source M. Hellal, November 2019

of the PAU and the lack of coordination between the municipality of Hergla and
the Tourist Estate Agency (AFT), which is directly responsible for the land and the
allocation of lots to tourist promoters, didn’t allow a planned tourism development.

The idea to build a tourist resort resurfaces, once again, by the creation of a PIF
(Perimeter of Land Intervention) decided by decree No. 2765 dated 31/12/2014.
This new perimeter of an integrated tourist resort project covers part of the coastal
El Madfoun Forest, the Assa Jribas Salt Lake and private land, and the procedures
for their expropriation have already started. But here we wonder what the relation-
ship between this tourism project and the principles of sustainable development is,
especially if we know that the Madfoun Forest becomes an essential component of
a coastal environment that is already sensitive. We recall here that the fishing port,
realized in the 1980s, is responsible for the dilemma of coastal erosion in Hergla.

The problem of coastal erosion is not specific to Hergla, but it affects the northern
coast of Sousse Region,8 which is important for its tourist development. This is why
the APAL (Coastal Protection and Development Agency) has embarked on a major
project for the development and protection of the shoreline coastal erosion at the cost
of 137 million TD. The project is funded by the state budget at 25% and by a 75%
of a German grant. It is organized into 3 lots: Hergla, Chott Meriem, and Hammam
Sousse. As for the Hergla lot, which is of most interest to us, the construction site,
is set up between 2014 and 2017 and has several interventions:

• reassignment of the existing riding area at El Madfoun over 430 m by the addition
of a carapace;

• construction of a riding area of 485 m at the foot of the El Montazah Cliff;

8 The Sousse Region extends beyond the perimeter of the commune of Sousse to integrate the
neighboring agglomerations: Hammam-Sousse, Chott Mariem, Akouda, etc.
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• set up green hedges on 400 in the Madfoun Forest for the rehabilitation of the
dunes.

• construction of a submerged breakwater of 150 m, in front of theMadfoun Beach.

However, we wonder whether these coastal protection operations, which are
carried out independently from the tourist resort project, are sufficient to ensure
sustainable development?

In any case, the Hergla “destination” is forced to adapt to the new trends of the
tourism product in the world, which gives an important role to the natural envi-
ronment. In fact, tourism is experiencing a new sustainable revolution [15], after
those linked to the industrial revolution and the evolution of transport. Every day
it gains new adepts (tourists) all over the world and new practices. This means that
tourist spots evolve naturally in time and in relation to new trends. Thus, the new
tourism spaces are constrained to be adapted to these changes in demand and the
new requirements in terms of sustainable tourism.

5 Discussion

Hergla,which is of rural origin, has natural and heritage assets that distinguish it in the
Tunisian Sahel. Over time, a socio-economic system has been established in relation
to the natural resources of this territory. Here, there is the opportunity to develop
tourism spaces in different ways in response to new international requirements in
terms of sustainable tourism.

Although these achievements provide the opportunity to develop sustainable
tourism, here, in the face of the state’s disengagement, role-players, especially private
ones, are turning to lucrative projects. Nevertheless, the strategic studies are against
this type of planned tourism,which is at the expense of an already fragile natural envi-
ronment. Although the integrated resort project has not yet been implemented, the
current tourist development seems different from the mass tourism so far developed
in Tunisia. It is being implemented in parallel with the development of the residential
and leisure sectors under the initiative of private actors, without any control or urban
planning from the public authorities. Thus, the integrated resort project, which is
back, would be carried out on a new perimeter at the expense of the forest and a
fragile coastal environment and farmland.

Here, we confirm the hypothesis that the state-led governance to regularize the
stakes of players with divergent interests in this project would be contrary to the
principles of sustainable development.
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6 Conclusions

TheHergla site, through its landscape and local cultural, is quite potential for tourism
development. Faced with the disengagement of the State and the weakness of local
actors, the rise of private actors can lead to tourism development not in compliance
with the principles of sustainable development. This observation inspires us to work
more on governance and new perspectives of tourism planning, in Tunisia in general.

7 Recommendations

The management of a sustainable tourism offer in a fragile and rural territory such as
that of Hergla cannot be done without good coordination between actors concerned.
For that very reason we are proposing the achievement of the regional pattern of
development of tourism integrating of all these actors.
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Climate Factors Affecting Sustainable
Human and Tourism Comfort in Aswan
Governorate

Islam M. Jaber , El-Sayed E. Omran, and Wedad A. A. Omar

Abstract Human-biometeorology methods can be used to assess human atmo-
spheric effects. The most significant factor for tourism among the efficient human-
biometeorological complexes is the thermal effective complex. The study of the
climatic characteristics aims to identify the different elements of the climate (e.g.,
temperature, relative humidity, and evaporation) and the contribution of various
climate elements in the study of the natural factors affecting tourism based on the
monthly and annual climatic conditions (Aswan). This chapter tried to address these
problems in part by examining in detail how climate variables in Aswan Governorate
affect sustainable tourism convenience. Several key findings emerged from an eval-
uation of the current studies. First outcome linked to the annual heat balance rate in
the governorate of Aswan, indicating a particular heat loss trend in all governorate
centers of Aswan reaching a moderate level (− 255.2 kcal/h) in the governorate of
Aswan. Summer records the lowest annual rate of heat loss at 166.3 kcal/h during
the year at seasonal level, while winter records the largest heat dissipation (− 255.2
kcal/h) in Aswan throughout the year. Second finding is the application of Adolf
equation to the study region, showing elevated sweating rates in Aswan during the
summer day at 761 g per hour, which implies fatigue. Although it is less efficient
in humans than in the moist region, the elevated sweat rates during the summer. At
187 g/h, the quantity of sweat in the winter, which implies not feeling bad, makes
Aswan an attractive area for winter tourism and recreation. The third finding is the
application of Tom’s human feeling equation, which shows that the research region
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fallswithin the individual’s comfort zonewhere the coefficient is less than 21. Finally,
the findings can help generate a better understanding of how weather events and heat
regimes impact the behavior of tourism by integrating outcomes from this research
and initiating future studies focusing on such problems.

Keywords Aswan · Climate elements · Tourism · Thermal comfort ·
Bioclimatology · Sustainable development

1 Introduction

Tourism has become one of the world’s most notable industries and is the main driver
for many countries’ economies around the world. Development of tourism should
be sustainable, but the issue of how this can be achieved remains the subject of
discussion. Sustainable tourism is the application of sustainable development ideas
to the tourism sector, that is, tourism that meets the needs of the present genera-
tion without compromising the ability of future generations to meet their own needs
[1]. MENA region lacks sustainable tourism despite the huge natural and aestheti-
cally pleasing tourist attractions scattered across the region [2]. The MENA region
nations should discover measuring tools that could demonstrate their well-being
(tourism) comparative benefits. This is what we are striving to do in the situation
of MENA countries where we will attempt to define and determine the most appro-
priate aspects through sustainable development to construct an indicator that would
influence growth. Tourism and the environment are very closely related as tourism
depends on the quality of the natural environment. Environmental quality is the main
attraction for tourists. Most tourists today are vulnerable to polluted conditions or
environmental degradation. Tourism has constantly altered as a living system. This
shift has influenced tourism, and it has resulted in quite varied methods. Some of
these new approaches are social responsibility, health, sustainability of resources,
tourism alternatives, new touristic attractions, etc.

This research related to Human Bioclimatology, which deals with the study and
analysis of the impact of climate on human comfort. Themost important ofwhich is to
determine the most appropriate ranges in terms of climate elements for human body.
Especiallywith regard to the elements of temperature and relative humidity,which are
playing a key role in determining the requirements of human satisfaction. This branch
is one of themost recent bioclimatology, which is themost recent andmost important
of Applied Climatology. These applied branches of climate science emphasize two
important principles: First is the principle of Dualism, which dominatesmostmodern
geographic studies, and second is the application side. The best benefit of any science
is the service of humanity in general and the community in particular. Climate is
the most important natural geographical factor affecting human life in general and
particular their health and comfort. Its impact is not limited to one person but to
all human beings without exception. Although each element of climate has direct
and indirect effects on human comfort either inside building or outside, however, the
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temperature of air and relative humidity deserve a special pause. They are the most
effective climatic elements in influencing human comfort.

The tourism industry, which is mainly an outdoor economy, can be particularly
vulnerable to climate andweather effects [3].Weather and climate variables can affect
seasonal tourist arrivals, affecting financial activity’s sustainability [4]. Thermal
comfort describes the human satisfaction perception of the thermal environment.
It relates to a number of circumstances that are comfortable for the majority of indi-
viduals. There are many areas and places with multiple tourist attractions; but they
lack good climate, which reduces their importance [5]. The elements of the climate
are important in determining the season and duration of the season. Boniface and
Cooper [6] emphasize the importance of the natural climate despite climate can be
controlled through cooling and air conditioning systems. Climate and its various
components influences, directly on the human body and its social and psycholog-
ical life. Because the place chosen by the tourist must have adequate climatic and
environmental conditions for his movements and needs, which is different from the
place where he lives, therefore, the elements of climate are one of the most important
natural geographical components on which tourism is based.

Although the ideal climate for tourist recreation does not exist anywhere in the
world, the atmosphere of the Aswan region in the winter is marked by moderation,
making it acceptable to tourists. Most of the previous studies were about the phys-
iological climate in Egypt or the relation between climate and tourist movement in
Egypt as a whole (country level), and not in a small city because accurate data are
difficult to find at large scale. This study has a key focus on assessing climate factors
affecting sustainable human and tourism comfort at a large scale. So the objective of
this chapter is to address some of the climate elements in the Aswan Province, and
its suitability for human comfort, and the reflection on tourism activity. This study
seeks to achieve the following specific objectives:

1. Analyze the temperature and relative humidity to understand the levels of
comfort of the human being.

2. Linking climate elements with human comfort using biometrics and climatic
standards.

3. Identifyways ofmeasuring the thermal comfort of a human being and determine
its best.

4. Determining the levels of human thermal comfort in Aswan during the months
and seasons of the year.

5. Identify the best areas for human and Tourism comfort in the study area.

This chapter holds much promise and potential for environmental sustainability in
MENA Regions. This chapter addresses the question of how science and technology
can be mobilized to make that promise come true.



384 I. M. Jaber et al.

2 Climate, Thermal Comfort and Tourism

Climate change is a significant and most often overlooked parameter in the weather-
to-mortality relationship. The rise in urban population and climate change have a
dramatic impact on human well-being and health, changes in the frequency and
intensity of weather occurrences, increases in surface temperatures and decreases in
drinking water available [7].

The tourism industry,which is primarily an outdoor economy, is especially suscep-
tible to the impacts of climate and weather [3]. Variables in weather and climate can
influence tourist arrivals in season, affecting the sustainability of economic activity
[4]. However, it is notable that during the summer months, extreme climatic circum-
stances pose an important danger to public health. The human body has no selective
sensors for the perception of individual climatic parameters, but can only detect (by
thermoreceptors) and provide a thermoregulatory reaction to the temperature (and
any modifications) of the skin and blood flow that passes through the hypothalamus.
However, these temperatures are affected by the integrated impact of all climatic
parameters that influence each other in some sort of interrelation. The thermal
complex involves meteorological variables such as air temperature, air humidity,
and wind velocity, as well as short and long wave radiation, which affects people in
indoor and outdoor environments thermo-physiologically.

Thermal comfort describes the human satisfaction perception of the thermal envi-
ronment. It relates to a number of circumstances that are comfortable for the majority
of individuals. In relation to wind circumstances, the skill in human comfort exam-
ines additional meteorological variables such as solar radiation, temperature, and
moisture in the atmosphere. Thus, thermal comfort is achieved. Pleasant wind and
thus elevated wind comfort is only one factor that contributes to an outdoor feeling
of well-being. Air humidity and temperature also play a significant role in human
comfort.

Improved knowledge of human responses to different environmental circum-
stances can assist the tourism industry to optimize both short-term tourist demand
and long-term climate change risk-adaptation planning by linking to a better compre-
hension of the interface between tourism and weather. Industries examine these
interactions and propose steps to enhance thermal comfort, and thus, residents and
passers-by are well-being. Overheating of urban areas in the coming years will be
a significant subject in urban planning due to climate change. So, it is possible to
apply human-biometeorology techniques to obtain responses about the relationships
between tourism and the atmosphere.

3 Materials and Methods

The data used in the performed analysis interpreting the climate components in
tourism and recreation concern mean daily values of air temperature, relative
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humidity, wind speed, and precipitation for the year 2018. The climate factors are
based on the General Meteorological Authority during the year 2018.

3.1 Study Area

The Geographical Location: The province of Aswan is located in the southern part
of the Arab Republic of Egypt, bordered from the north by governorate of Luxor,
from the south by the Republic of Sudan and from the east by the Red Sea Gover-
norate, and from the west by the New Valley Governorate (Fig. 1). The province
of Aswan occupies an estimated area of 60,923.2 km2. The Astronomical Location:
The province of Aswan lies between the latitudes of 25° 30′ 22 N and the longitudes
of 23° 30′ 31 E.

Many visitors visit Aswan every year, not only for the ancient Egyptian landmarks
like Philae and Abu Simbel, but also for the beauty of their landscape and cataracts.
Aswan’s cataracts are a wonderful place for birds migrating along the Nile and may
stop for food and rest at these places. Aswan also has many traditions, the most
famous of which are the Nubians. In terms of food, transport, agriculture and also
in terms of religious connection, they depended on the Nile. Agriculture in Aswan
is defined by a unique personality to the specific circumstances of natural variables
reflecting their impacts on the largesse determination of the kinds of a crop.

Words cannot be defined about the beauty of nature and the climate in Aswan.
Maybe this is the secret of this quiet city’s ability to challenge other winter resorts
in different areas of the globe, including endowed with its dry climate, adding to the
tourism effects of medical tourism, particularly for patients with kidney and respi-
ratory system, rheumatism, rheumatoid arthritis. Besides the intensity of ultraviolet
radiation reflected throughout the year from the mountains surrounding the city, and
the Nile Page, especially on the Elephantine and Isis islands.

Aswan provides a pleasant sunny weather and dry climate for most visitors. The
city’s climate is also known to have excellent relaxing and rejuvenating properties.
May and September are the best times to visit Aswan, summers are scorching, and
winter temperatures were known to achieve 27 during the day, with cold evenings.
The town stays dry throughout the year and gets an average rainfall of less than 1mm.
The summers are extremely hot, however, with average temperatures around 40 °C.

3.2 Research Approaches

A scientific study follows a research curriculum that outlines it. So this study based
on the geographical aspects of the physiological climate according to the following
research approaches:
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Fig. 1 The geographical and the astronomical location of the study area

1. Regional approach: Regional approach is one of the most important methods
of research in geography. On the basis of which the climatic characteristics
of temperature and relative humidity and their effects on human comfort were
addressed within a regional framework, which includes all the lands of Aswan
governorate.

2. Original approach: The geographic factors affecting air temperature and
humidity in Egypt, together with the study of the elements of air temperature
and relative humidity, were studied in an indigenous climate study.
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3. Objective approach: The effects of heat and relative humidity on human heat in
Aswan, both inside and outside buildings, will be examined objectively on the
basis of physiological climatology.

4. History approach:History approach used in the current study in tracking climatic
statistics over a certain period, in addition to tracking the historical (temporal)
development of temperature and humidity elements and their effects on human
comfort in Egypt during the study period.

The previous approaches outline the study, where the methods and means of
achieving and implementing these guidelines are based ondifferentmethods, namely:

1. Descriptive method: The study of traditional geography philosophy is based
on distribution, connection, and analysis between different geographical
phenomena. The description method is used in descriptive interpretation of
climate information and facts such as describing climatic conditions and their
relations in different regions of the country, which they also have effects on
thermal balance and comfort.

2. Statistical method: This method is to schedule and compile climate data to
extract climatological averages and rates in preparation for the process of repre-
senting such data. Then analyze them using various statistical parameters such
as the simple and multiple regression analysis equations.

3. Cartographic method: It is the translation of tables, climatic, statistical and
other data into computer-based forms of biological, graphics and maps, through
several cartographic programs to achieve the highest possible accuracy of maps
and forms.

4. Quantitative method: One of the most important methods of analyzing climate
data is a digital quantitative analysis and interpretation based on a set of
physiological climatic equations and arguments for establishing the correla-
tion between temperature and relative humidity on the one hand and human
convenience on the other. The most important of which are:

• Adulf’s equations of thermal balance day and night.
• Adolf’s equation for sweat.
• Tom’s “Thom” for thermal comfort (discomfort index).

3.3 Methodology

The study of the current climate characteristics of Aswan aims at addressing the
most important climatic elements, which effects directly on the human body and his
social and psychological life. These elements are represented Heat, Wind, Relative
humidity, Rain, and evaporation. To focus, this study includes Aswan governorate
in terms of studying the temperature of air and relative humidity, and in terms of
studying their effect on human comfort.
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3.3.1 Effect of Temperature and Relative Humidity on Human

On the one hand, the temperature is the main climate component on which all
other climatic elements depend on tourist attractions. It affects the human in terms
of psychological and physical comfort. The temperature range suitable for human
comfort and activity ranges between 18 and 25 °C. If the temperature is less than
18 °C or greater than 25 °C, it is a disability for human comfort [8]. On the other
hand, the relative humidity is one of the most important climatic factors affecting
the movement of tourism. Its height leads to an increase in the feeling of fatigue.
Its lowness leads to cold feeling, which hinders the exercise of tourist activities.
Humidity ranging from 40 to 60% is the most suitable for human comfort provided
that it does not exceed 30%, even if the weather is cold [9]. Air is considered dry
if it decreases relative humidity below 50%, while the air is considered to be the
average humidity if the relative humidity is between 50 and 70% [10]. The air is high
humidity if the ratio is more than 70%.

A sense of comfort is one of the many elements that attract people to recreation
areas. There are many places where there is no comfort, as in the areas of ice skating,
hot beaches, etc. In this regard, many quantitative studies have emerged to determine
the relationship between climate and its impact on humans, in terms of comfort or
distress; to determine the optimal picture of the best place for human comfort.

Relative humidity and temperature are used as indicators to measure human
comfort. As relative humidity decreases and temperature rises in these areas, there is
an opportunity to feel comfortable and to practice tourist activities. The temperature
is 29%, and the humidity is 50% [6]. Because the study area is in the hot region,
moisture is not a guide to the link between climate and human comfort. Therefore,
relative heat and humidity are an appropriate guide to illustrate this relationship.

Accordingly, some quantitative methods were used to study the effect of
temperature and relative humidity and its suitability for human comfort.

Discomfort Index of Tom. Tom used the Discomfort index to determine human
comfort by knowing the comfort and discomfort of the population in an area, given
the temperature of the air and relative humidity in that area, and calculating the
presumption of comfort with Eq. 1.

THI = T + (1 − 0.1 H) + (T − 14.5) (1)

where T is the temperature, °C; H = relative humidity, %.
Tom then concluded that when the value of this index is 21, it is not annoying

or comfortable. It is uncomfortable when it increases its value as being between 21
and 24. Some people feel uncomfortable when its value is 25 (50% of people feel
uncomfortable). When they reach 27, most people feel uncomfortable, and if they
reach 29, some people are exposed and disabled in some circles. Some laboratories
stop working, especially in the United States and Europe.

In light of the outcome of the Eq. 1, Tom has classified thermal comfort as follows
(Table 1).
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Table 1 Levels of climatic
comfort in the light of Tom’s
hypothesis

The output of the coefficient How comfortable climate is

Less than 10 Exhaustion due to coldness
(discomfort)

10–15 Average fatigue tends to cold
(discomfort)

15–18 Relative comfort tends to cold

18–21 Comfort

21–24 Relative comfort tends to heat

24–27 Average fatigue tends to heat
(discomfort)

27–29 Exhaustion due to heat
(discomfort)

More than 29 Hot stress

Adolph’s Equation for Sweating Rate. Other studies, such as the Adolph’s
equation, have been formulated. Adolph’s study of the body’s rate of secretion of
sweat, which is used as a measure of human discomfort or discomfort from weather
conditions (Eqs. 2 and 3). One of the most important criteria used to calculate how
comfortable or cramped a human body is water equilibrium and especially sweat.
Adolf has determined the rates of sweat in the desert conditions of a normal human
being (g/h) as follows:

Sweating rate,Day(g/h) = 720 + 41(T − 33)

For a person walking under the sun. (2)

Sweating rate,Night(g/h) = 400 + 39(T − 33)

For a person walking at night. (3)

where: T the temperature of the air.

3.3.2 Heat Equilibrium of Human Body in Aswan Governorate

Many laboratory experiments have been conducted to estimate the thermal equi-
librium values of the human body in different situations. In 2007, Adolf identified
approximate primary values for human body gain and heat loss, especially in dry and
dry areas. He concluded by formulating two Eqs. (4 and 5), one for thermal balance
by day and the other at night, as follows:

Thermal balance by day = 100 + 22(T − 33) (4)
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Thermal balance by night = 20 + 18(T − 33) (5)

3.3.3 Thermal Comfort and Physiological Equilibrium of Human Body
in Aswan in Light of Temperature and Humidity Elements

The physiological balance of the body is the main and most important condition
for thermal satisfaction of the human being, a process that has two dimensions: A
thermal balance and a water balance, which, if achieved, lead to a person’s feeling
of rest.

Human comfort has become a new term—which includes many synonyms and
various aspects of this comfort, the most important of which are: Thermal comfort
(physiology), physical comfort, and sound comfort, vibrations and shocks, visual
comfort, sensory comfort, patient comfort, psychological comfort… to other types
of comfort.

Human comfort depends not only on heat but also on other factors such as air
movement and humidity.Whereas relative humidity is 40%, the temperature of 24 °C
may be suitable for the human body while with a temperature of 24 °C and relative
humidity of 80%, man becomes less comfortable. Also, if air moves quickly, the
object loses its heat, and the human person feels cold. We must not forget that warm
air if its moisture is very low, is not suitable for humans as severe drought harms the
skin and causes it to crack it as well as dry the nose and throat and increases human
susceptibility to cold drops. However, the most suitable humidity is between 40 and
60%. The human body can be compared to the wet dust in terms of its effect on the
temperature of the atmosphere, and it has been found that the human person begins
to feel uncomfortable if the wet thermometer reaches the temperature of the 90 °C
[11].

In this study, methods of determining human comfort will be applied, thermal
comfort rates and comfort curves, using temperature and humidity coefficient for a
moment. Its choice is because it is one of the most widespread ways to determine
human comfort in the world. It also applies to the climatic conditions of Egypt, in
addition to giving it accurate figures for the rates of rest translated into categories to
divide the study area into regions for thermal comfort, in light of Tom’s setting of
his treatment.
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4 Results and Discussion

4.1 The Physiological Equilibrium of the Human Body
in Aswan in Light of the Elements of Temperature
and Humidity

4.1.1 Heat Equilibrium of Human Body in Aswan Governorate

Table 2 and Figs. 2 and 3 summarizeAdolf’s equation results for thermal equilibrium,
day.

The annual average for Adolf’s day-to-day equations in Aswan refers to the rela-
tivemoderation and thermal equilibrium as the average country level, with the annual
average of Aswan governorate for thermal equilibrium 132.8 kilocalories/hour. The
study of the results of the Adolf equation for thermal equilibrium in the day shows
that only one region of the annual average for thermal equilibrium is as follows:

It is located in all governorate centers, whose stations achieved positive values
kilocalories/hour, as the DrawCenter records the highest temperature-gain equations
of 188.66 kcal/h. The lowest heat gain values are 112.76 kgf/h in the center of Edfu.
At the season level, the summer season has the highest rates of heat gain during the
year, with a gain rate at Aswan governorate of 278.8 kcal/h.Winter marks the highest
year-round heat dissipation rate of − 99.98 kcal/h.

Table 3 and Figs. 4 and 5 summarized Adolf’s the results of the equation for
Thermal Equilibrium atNight. During the night, no gain or thermal balance values are
recorded during anyof the seasons (Table 3). The annual rate of heat balance inAswan
governorate indicates a general trend of heat loss in all Aswan governorate centers
reaching a moderate level in Aswan governorate − 255.2 kcal/h. There is a range of
heat dissipation values to − 237.58 kcal/h at the center of Abu Simbel. However, at
the Edfu, the value of heat dissipation is− 273.76 kcal/h. At the season level, summer
records the lowest quarterly rates of heat loss during the year at 166.3 kcal/h, while

Table 2 Evaluate the day heat balance according to the Adolf equation

Station Annual rate Winter season Spring season Summer season Autumn season

Aswan 133.44 − 72.26 150.6 295.8 159.4

Edfu 112.76 − 80.4 125.74 265.66 139.6

Kom Ombo 118.26 − 76 132.34 271.6 144.66

Nasr
El-Nouba

128.16 − 106.14 181.4 289.2 147.74

Abu Simbel 115.62 − 79.74 141.14 261.26 140.04

Draw 188.66 − 185.34 201.2 289.2 163.14

Average of the
governorate

132.8 − 99.98 155.4 278.8 149.1

Climate factors are based on the General Meteorological Authority during the year 2018
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Fig. 2 Annual rate, winter rate, spring rate, summer rate, and autumn rate of the heat balance of
the human body in Aswan day in the light of Adolf equation according to Table 2

winter records the highest heat dissipation equations in Aswan throughout the year
− 255.2 kcal/h.

4.1.2 Water Equilibrium of the Human Body in Aswan Governorate

Applying the two previous Adolf equations to the annual and quarterly air
temperature rates in Aswan, the following shows:

A. Rate of the sweat of a person walking under the sun in Aswan
Annual rates of sweat (Table 4) for people walking under the sun in Aswan indi-
cate that there are rates of sweating at all stations as the annual rate of sweating
reaches 368.5 g/h as the average county level. The Draw Center recorded the
highest annual rate of sweating of 470.2 g/h, while the Nasr Nubia Center
recorded the annual rate of sweating 27.4 g/h. In the summer season, the highest
annual rate of sweating is 594.3 g/h as the average county level, while thewinter
recorded the lowest annual rate of sweat 82.2 g/h (Figs. 6, 7, 8 and 9).
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Fig. 3 The annual rate of body secretion of sweat at night, gm/h based on the Adolf equation
according to Table 2

B. Rate of sweating for a person walking at night in Aswan
Annual rates of sweating for people walking at night in Aswan indicate that
there are rates of sweating at all stations as the annual rate of sweating reaches
65.6 g/h as the average county level. The Draw Center has recorded the highest
rates of sweating (162.43 g/h), while the Nasr El-Nouba Center recorded the
annual sweating rates − 258.78 g/h. In the summer season, the highest annual
rate of sweating is 280.4 g/h as the average county level, while the winter
recorded the lowest annual rate of sweating − 206.7 g/h.

By applying these equations to the study area, Table 4 was prepared to show the
relationship between the average and the maximum temperature and the rate of the
body’s secretion of sweat.
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Table 3 Evaluate the heat balance at night according to the Adolf equation

Station Annual rate Winter season Spring season Summer season Autumn season

Aswan − 258.46 − 121 61.4 180.2 68.6

Edfu − 273.76 − 127.6 41 155.6 52.4

Kom Ombo − 265.48 − 124 46.4 160.4 56.6

Nasr
El-Nouba

− 247.48 − 148.6 86.6 174.8 59

Abu Simbel − 237.58 − 127 53.6 152 52.76

Draw − 248.74 − 213.4 102.8 174.8 71.6

Average of the
governorate

− 255.2 − 143.6 65.3 166.3 60.2

Climate factors are based on the General Meteorological Authority during the year 2018

Fig. 4 Annual rate, winter rate, spring rate, summer rate, and autumn rate of the heat balance of
the human body in Aswan day in the light of Adolf equation according to Table 3
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Fig. 5 Annual rates of perspiration for a person walking under the sun in the light of the Adolf
equation for sweating

It is noted that high sweating rates in the summer day, at 761 g/h in Aswan, which
means fatigue, but the body resists this increase by adjusting the weather conditions,
using the means of cooling and air conditioning. Although the high rates of sweat
during the summer, it is less effective on humans than in the wet region. Dry air
increases evaporation from the human body, smoothing the temperature of the body,
unlike air in the wet region. The amount of sweat in the winter at 187 g/h, which
means not feeling bad, makes Aswan an area of attraction for winter tourism and
recreation. This indicates the existence of a positive relationship between them. This
method is defective because it is limited to the element of heat, and the rest of the
climate is neglected.
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Table 4 Results of applying the Adolf equation for sweating day and night

Station Sweating
rate (g/h)

Winter
season

Spring
season

Summer
season

Autumn
season

Annual rate

Aswan Under the
sun

105 480.8 761 520.5 466.83

At night − 185 172.5 439 210.2 159.2

Edfu Under the
sun

46.2 404.3 677.63 456.2 396.1

At night − 240.9 99.7 359.7 149.1 91.9

Kom Ombo Under the
sun

62.6 422.1 669.78 396.1 410.45

At night − 225.3 116.6 352.23 91.9 105.5

Nasr El-Nouba Under the
sun

5.2 85.9 20.267 − 1.6 27.4

At night − 279.9 − 203.2 − 265.6 − 286.4 − 258.78

Abu Simbel Under the
sun

87.2 461.7 710.43 499.9 439.8

At night − 201.9 154.3 390.9 190.7 133.5

Draw Under the
sun

187 551.9 726.83 506.8 470.2

At night − 107 240.1 406.5 197.2 162.43

Average of the
governorate

Under the
sun

82.2 401.1 594.3 396.3 368.5

At night − 206.7 96.7 280.4 92.1 65.6

Climate factors are based on the General Meteorological Authority during the year 2018

4.2 The Thermal Comfort of a Human Body in Aswan
in Light of the Elements of Temperature and Humidity

Table 5 and Fig. 10 show the results of the application of Tom’s equation to Aswan.
By applying Tom’s equation to Aswan, it became clear that the annual rate of climate
comfort levels in light of Tom’s presumption is 32.8 (hot stress), and indicates that
the levels of comfort in Aswan are limited to two levels of eight set by Tom. They
range from relative comfort that tends to cool in some areas to heat stress in others.

A. The relative comfort region that tends to cool (15–18). The province is located
in one station and represents the central Nasr El-Nouba, where 16.1 is recorded.

B. Hot exhaustion region (more than 29). This region represents the rest of Aswan
governorate’s stations, namely the DrawCenter, AswanCenter, the Abu Simbel
Center, the Kom Ombo Center, and the Edfu Center at rest rates of 37.8, 37.6,
36.3, 34.9, and 34.1, respectively.

Table 5 shows the state of human feeling comfortable in Aswan according to the
coefficient of Tom. By applying the “Tom” scale to the study area, it is clear that the
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Fig. 6 Annual rate, winter rate, spring rate, summer rate, and autumn rate of perspiration for a
person walking under the sun in the light of the Adolf equation for sweating in Aswan day in the
light of Adolf equation according to Table 4

study area falls within the comfort zone of individuals, where the coefficient is less
than 21. The results of Tom cannot be considered realistic and correct, as the study
of man is confined to his home while ignoring other factors of the climate.

5 Conclusions and Future Direction

To better comprehend how tourism populations can becomemore resilient to climate
change, society must first know better how tourists today are affected by weather
and climate variables. This study attempted to tackle these issues in part by exam-
ining in detail how climate factors affecting sustainable tourism comfort in Aswan
Governorate. Several main results arose on the basis of an assessment of the present
research.
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Fig. 7 Annual rates of perspiration for a person walking in the night in the light of the Adolf
equation for sweating

1. The issue of the effect of heat and humidity on human well-being in Aswan
Governorate in general, as reflected in this study, is still considered new to the
Egyptian Geographic Library.

2. The importance of the topic of human well-being in Aswan governorate, where
there are climatic differences effects on human well-being.

3. The development of meteorology in Aswan governorate and the availability of
modern climate data for different climate elements throughout the year, thus
enabling the use and adaptation of such data to serve geographical research.

The results can assist create better knowledge of how weather events and heat
regimes affect tourism conduct by incorporating results from this study and initiating
future studies with a focus on such issues. In the short term, such results can assist to
better educate people and tourists about locations of participation. In a longer time
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Fig. 8 Annual rate,winter rate, spring rate, summer rate, and autumn rate of perspiration for a person
walking in the night in the light of the Adolf equation for sweating in Aswan night according to
Table 4

frame, a better knowledge of the reaction of tourism to outdoor heat circumstances
and variations in reactions across different places can serve as a basis for a more
precise future modeling of attendance-response. Such a framework can only assist
enhance our assessment of the prospective effect of wider climate change on tourism
and contribute to amore strict and resilient planning of long-term tourism.Ultimately,
this can enhance profits.

Mass tourism is a thing of the past for the tourist countries thatwish to develop their
tourism in a well-considered way. The 2030 Agenda for Sustainable Development,
along with the 17 Sustainable Development Goals (SDGs), calls on all stakeholders
to act in collaborative partnerships. Among the SDGs, tourism is featured as a target
in Goals 8, Goal 12, and 14. For this reason, tourist countries, including Egypt, need
to develop a new model of tourism that should also be based on so-called alternative
tourism. Tourism has been turning more and more towards new concepts. We are no
longer talking about seaside tourism alone but also about other concepts. Alternative
tourism is a generic concept encompassing various forms of tourism, such as cultural
tourism, Ecotourism, agro-tourism, rural tourism, agritourism, and green tourism.
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Fig. 9 Annual rate of heat balance of the human body in Aswan day in the night of Adolf equation

1. Identify the climatic characteristics of the air temperature and relative humidity
elements in Aswan in great detail and depth because the relative humidity
element did not receive a detailed independent study.

2. The need to select and apply some of the global climate equations, models,
and curves to Aswan governorate that have not been applied before in the
physiological climate studies on Aswan to modeling and classification.

3. Identify the boundaries of the physiological balance and comfort of the human
body in Aswan throughout the year.
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Fig. 10 Annual rate of climatic comfort with Tom’s hypothesis
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the findings to the United Nations (UN) 2030 Agenda for Sustainable Development
guidelines. The 2030 Agenda serves as a framework for both Egypt and the EU and
as a standard for international comparison. The United Nations framework, Egyp-
tian as well as EU legislation, respectively, have been analysed with the Qualitative
Data Analysis Software ATLAS.ti. Results show a graphical representation of our
analysis including overlaps and gaps between the United Nations guidelines and
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1 Introduction

The world today is facing an uncertain future. How do we deal with climate change
and the destruction of the environment, growing population and migration? People
and governments often do not seem to know how to adequately tackle some of
these challenges, not even talking about all of them. The term “sustainability” is
omnipresent, especially when it comes to environmental issues, but how can it be
applied to governance? There is indeed need for action and therefore guidance might
play a central role. “The world’s best plan to build a better world for people and our
planet by 2030”, is how the United Nations (UN) advertise their 2030 Agenda for
Sustainable Development [1]. It has been adopted by all UN member states in 2015.
The Sustainable Development Goals (SDGs) included in this agenda are a call for
action by all countries—“to promote prosperity while protecting the environment”.
They consist of 17 goals and 169 targets and the progress towards their achievement
is being reviewed annually [1]. The SDGs build upon the 2015 Agenda and the
Millennium Development Goals (MDGs) and now try to combine the economic,
social and environmental aspects of sustainable development [2].

Everyone and every country contribute to today´s challenges and the achievement
of the 2030 Agenda. For example, “the way we produce and consume food is causing
major environmental and human health issues. Transforming the agri-food system
has become a priority for achieving the Sustainable Development Goals. Food must
be produced, distributed, consumed and disposed of in ways that optimize resource
use, minimize greenhouse gas emissions, avoid chemicals that harm ecosystems or
human health, and stop further loss of biodiversity”, states the United Nations Envi-
ronment Programme (United Nations Environment Programme, 2019). Agricultural
transformation is believed to be vital for achieving a sustainable future and being
able to contribute to the achievement of several SDGs [3]. Agriculture uses a lot
of lands—37% of the total land area are being used for agriculture worldwide [4]
70% of all freshwater withdrawals go to agriculture for irrigation [3] and many more
resources are involved. Thus, it is certainly true, that agriculture can cause damages
and induce negative impacts. On the other hand, however, agriculture produces what
we all need for living: food. It employed 27% of the world´s population in 2016 [4]
and is thus the main source of income for a lot of people worldwide.

In the European Union (EU), 39% of the total land area was being used for
agriculture in 2016, yet only 4.2% of the population worked in the agricultural sector
at the same time (eurostat. 2018). In 2017, agriculture contributed to just 1.7% of the
gross domestic product (GDP).

InEgypt however, agriculture is the largest employer providing income-generating
activities to more than 30% of the workforce [5]. The agricultural sector plays a
central role in the Egyptian economy as it accounts for 14.5% of the GDP [5]. At the
same time, the estimated land under agricultural use consists of only about 2.5% of
the country´s total area (24,960 km2 of 1 million km2).
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For the provision of food and employment of people, agriculture relies on water,
functioning ecosystems, resources and land. Therefore, the protection of ecosys-
tems and water is vital for agricultural production. Particularly since the Millennium
Ecosystem Assessment (MEA) in 2005, initiated by the UN, acknowledged that the
earth´s ecosystems are degrading, mostly since the middle of the twentieth century
[6]. This happened mainly due to growing demands for food, timber, freshwater or
fuel [6] In the year 2000, the MDGs involved environmental sustainability (MDG 7)
in their agenda: reversing the loss of environmental resources, reducing biodiversity
loss, expanding access to safe drinking water and sanitation—and the world agreed
on contributing to that [7].

Today, however, the SDGs—building upon the MDGs—are the relevant global
goals and framework we want to focus on. This study will first evaluate what the
UN claim in their 2030 Agenda, concerning ecosystems and water. Then we shall
investigate whether Egypt and the EU have introduced this agenda in their legislation
since the year 2000, esp. with regards to ecosystems and water. The aim is to find
an answer to the following questions: was there new legislation introduced for water
and ecosystem conservation since the launch of the MDGs and now the SDGs in
both Egypt and the EU? What aspects of the UN 2030 Agenda are already enacted
in national polices?

For the ecosystem part, the focus is on several agri-environmental laws to see, if
and in what way Egypt and the EU policies involve agriculture in the protection of
ecosystems since the year 2000. For the water section, the focus lies on the overall
water legislation since 2000 tofindout howwater is protected, not onlywith regards to
agriculture but from all sources. For this purpose we first give an overview of the UN
2015 Agenda, 2030 Agenda, theMDGs and SDGs as well as their approach to global
governance. Finally, we critically analyze Egyptian and EU legislation regarding the
subject matter. We then outline current developments concerning ecosystems and
water worldwide, with a special focus on the current state and problems in Egypt
and in the EU.

The UN framework, Egyptian and EU laws have been analyzed with the Qual-
itative Data Analysis Software ATLAS. The analysis is detailed in the subsequent
sections of this studywhich include review literature aswell as results. The evaluation
and discussion build the final part of the study.

2 Literature Review

In the following, the United Nations framework will be described, followed by an
overview of water and ecosystem governance in Egypt and the EU. Thereafter, water
and ecosystem developments worldwide, in Egypt and in the EU will be outlined.
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2.1 United Nations Framework

The first part of the study deals with the United Nations approach to global goal
setting—both the 2015 and the 2030 Agenda—as well as their approach to water
and ecosystem development.

2.1.1 Millennium Development Goals - 2015 Agenda

In September 2000, the United Nations Millennium Declaration was adopted in
New York Eight time-bound targets—with a deadline of 2015—were deduced, to
be known as the Millennium Development Goals: Eradicating extreme poverty and
hunger (Goal 1), achieving universal primary education (Goal 2), promoting gender
equality and empower women (Goal 3), reducing childmortality (Goal 4), improving
maternal health (Goal 5), combating HIV/AIDS, malaria and other diseases (Goal 6),
ensuring environmental sustainability (Goal 7) and developing a global partnership
for development (Goal 8) For assessing progress, relevant indicators were selected
and regular report on the progress, based on data on the selected indicators, was given
by the Secretary-General [8].

In 2015, the final MDGs report was published, giving an overview of the achieve-
ments and addressing the still existing gaps between targets and reality [2]. Former
UN Secretary-General Ban Ki-moon resumes: “Experiences and evidence from the
efforts to achieve theMDGs demonstrate that we knowwhat to do.We need to tackle
root causes and do more to integrate the economic, social and environmental dimen-
sions of sustainable development. The emerging post-2015 development agenda,
including the set of Sustainable Development Goals, strives to reflect these lessons”.

Since the first, second, and third United Nations development decades (the 1960s,
1970s, and 1980s) various development goals have been set, but there was still an
innovation to the MDGs: They were adopted by an unprecedented assembly of the
world’s heads of state and they put human development at the center of the global
development agenda Also, theMDGs defined concrete goals that could bemonitored
and were therefore accountable and measurable In addition, development outcomes
as well as inputs from rich countries were addressed [9].

While theUNclearly see the connection betweenMDGs and progress [2] and “it is
widely believed that the MDGs mobilized action” (Fukuda-Parr S. From the Millen-
nium Development Goals to the Sustainable Development Goals: shifts in purpose,
concept, and politics of global goal setting for development. Gender & Development
(2016). Some researchers argue: even though since launching the MDGs there has
evidently been fast progress in the improvement of the quality of life in developing
countries, it can´t be clearly stated in how much the MDGs contributed to this trend
[10]. In terms of their extent, the MDGs are being criticized because they did not
address the root causes of poverty [11]. In addition their targets were judged to be
under-ambitious or irrelevant to current challenges, leaving out the most important
issues of today: e.g. inequality, climate change and migration [11].
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2.1.2 Sustainable Development Goals—2030 Agenda

15 years after launching theMDGs, the UNmember states adopted the 2030 Agenda
for SustainableDevelopment in September 2015, the core part of it are the 17 Sustain-
able Development Goals (SDGs)—time bound like the MDGs with a deadline of
2030 [1]. At the United Nations Conference on Sustainable Development (Rio +
20) in Rio de Janeiro, Brazil, in June 2012, UN member states decided to initiate
the development of a set of SDGs to build upon the MDGs and to establish the UN
High-level Political Forum on Sustainable Development [1]. While the MDGs were
mainly elaborated within the UN Secretariat itself, about 70 governments and repre-
sentatives of civil society were involved in the development of the SDGs [12]. After
a negotiation process, the 2030 Agenda for Sustainable Development was adopted in
September 2015 [1]. The annual High-level Political Forum on Sustainable Devel-
opment is now the central UN platform for the follow-up and review of the SDGs
[1].

In the publication Transforming our World: The 2030 Agenda for Sustainable
Development the UN defines sustainable development as having three dimensions:
economic growth, social inclusion and environmental protection. The 17 SDGs are
displayed, each of them including several targets, leading to 169 targets as a whole:
No poverty (Goal 1), zero hunger (Goal 2), good health and well-being (Goal 3),
quality education (Goal 4), gender equality (Goal 5), clean water and sanitation
(Goal 6), affordable and clean energy (Goal 7), decent work and economic growth
(Goal 8), industry, innovation and infrastructure (Goal 9), reduced inequalities (Goal
10), sustainable cities and communities (Goal 11), responsible consumption and
production (Goal 12), climate action (Goal 13), life below water (Goal 14), life on
land (Goal 15), peace, justice and strong institutions (Goal 16), partnerships for the
goals (Goal 17) [13]. The global indicator framework for the SDGs is defined in the
Resolution adopted by the General Assembly in July 2017 [14].

In contrast to the MDGs and their particular relevance for developing countries,
the SDGs and their targets apply to every country (Fukuda-Parr S. From the Millen-
nium Development Goals to the Sustainable Development Goals: shifts in purpose,
concept, and politics of global goal setting for development.). TheMDGs focused on
poverty alleviation through meeting basic needs whilst the 2030 Agenda is broader
in scope, including more goals and targets, and incorporates the economic, social
and environmental side [11].

2.1.3 Sustainable Development Goals—The Way of Implementation

According to [12] the SDGs can be regarded as a new way of global governance that
bases on non-legally binding goals. Governments do not have to follow any legal
obligation to transfer the SDGs into national law, as opposed to e.g. legally binding
treaties. Governance through goals rests upon fragile institutional agreements at
the intergovernmental level and also permits much leeway to countries in terms of
interpretation and implementation of the goals [12]. Fukuda-Parr [11] argues that
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there is the possibility of neglecting some of the most transformative goals and
targets through selectivity and simplification of the goals and through the national
adaptation process. This could also be induced by the fact that the SDGs contain
169 targets, not all of them being measurable but instead complex concepts [11].
However, [12] emphasize the potential of the SDGs and the absence of alternatives
that respond to today’s challenges.

2.1.4 Approaches to Water and Ecosystems

According to the World Water Development Report 2015, “water flows through the
three pillars of sustainable development—economic, social and environmental.Water
resources, and the essential services they provide, are among the keys to achieving
poverty reduction, inclusive growth, public health, food security, lives of dignity
for all and long-lasting harmony with earth’s essential ecosystems” [15]. The UN
identifies water as being at the core for achieving sustainable development as it is
essential for the function of ecosystems and also ensures economic development
[15].

The UN has already addressed water issues in the 2015 Agenda with goal 7
(ensuring environmental sustainability): “Halve, by 2015, the proportion of the popu-
lation without sustainable access to safe drinking water and basic sanitation” (target
7.C) (United Nations, 2015) The UN reports that the target has been met concerning
drinking water but missed when it comes to sanitation [2]. In contrast however, [16]
perceives that the drinking water target has never been met and the success has been
overestimated given that the indicator framework was not well-chosen and didn’t
consider e.g. water quality or affordability [16]. In the World Water Development
Report 2015, the UN also reflects the fact that no specific targets for sustainable
water resources management, water quality, wastewater treatment or for maintaining
ecosystems were included in the MDGs [15].

In March 2019, the UN General Assembly declared 2021–2030 to be the UN
Decade on Ecosystem Restauration—calling for global action to reverse the degra-
dation of ecosystems, necessary for achieving the SDGs (United Nations Environ-
ment Programme. New UN Decade on Ecosystem Restoration offers unparalleled
opportunity for job creation, food security and addressing climate change. 2019).
Throughout the MDGs, the UN addressed the reduction of biodiversity loss (target
7.B: “Reduce biodiversity loss, achieving, by 2010, a significant reduction in the
rate of loss”) [7], but ecosystems themselves were not mentioned in the Millennium
Declaration [17].

To build up upon the MDGs, in the 2030 Agenda, the UN emphasizes the impor-
tance of environmental protection and continue, or rather strengthen, their focus on
water and ecosystems. Goal 6 (clean water and sanitation—ensure availability and
sustainablemanagement of water and sanitation for all) is entirely devoted towater. It
aims at achieving access to drinkingwater (6.1) and sanitation (6.2), improvingwater
quality and recycling (6.3), increasingwater-use efficiency, addressingwater scarcity
(6.4), implementing integrated water resources management (6.5) and protecting
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water-related ecosystems (6.6). Also, the UN urges that the release of all wastes and
chemicals to water should be reduced (12.4). Goal 14 (life below water—conserve
and sustainably use the oceans, seas and marine resources for sustainable devel-
opment) aims at preventing and reducing marine pollution (14.1) and sustainably
managing and protecting marine and coastal ecosystems (14.2). Goal 15 (life on
land—protect, restore and promote sustainable use of terrestrial ecosystems, sustain-
ably manage forests, combat desertification, and halt and reverse land degradation
and halt biodiversity loss) contains the target of the conservation and sustainable use
of terrestrial and inland freshwater ecosystems (15.1). In addition, the SDGs aim on
the sustainable management of forests (15.2), the achievement of a land degradation-
neutral world (15.3), the conservation of mountain ecosystems (15.4) and the protec-
tion of natural habitats and biodiversity (15.5). Also, the UN addresses the necessity
of the utilization of genetic resources (15.6), the conservation of protected species
(15.7), the introduction of invasive species (15.8) and integrating ecosystem and
biodiversity values into development and strategies (15.9) [13].

In Transforming Food and Agriculture to Achieve the SDGs, the Food and
Agriculture Organization of the UN (FAO) describes key policies and practices
for engaging agriculture in achieving the SDGs. They suggest conserving genetic
resources for agriculture to preserve biodiversity, applying integrated pest manage-
ment and setting payments for providing ecosystem services. In addition, water and
soil should be managed in a sustainable way, fertilization should be judicious [3].

Integrated pest management (IPM) is being strongly promoted by the FAO and
is their preferred approach to crop protection as well as pesticide risk reduction in
the face of sustainable agricultural intensification [5]. Typically, the IPM approach
only uses pesticides when prevention measures and non-chemical methods did not
succeed and the use of pesticides is economically justified. Thus, pesticides are used
in the minimum possible amount and with least side effects on the environment,
humans and non-target organisms [5].

Payments for ecosystem services (PES) aim atprotecting and conserving
ecosystem services [18]. Farmers can voluntarily decide to go with production prac-
tices that positively affect ecosystem services and receive payments for that, for
example from the government [18]. The FAO itself identifies some difficulties of
their implementation, for example valuing ecosystem services in a monetary way
or identifying the actions that are providing ecosystem services as they are very
complex systems [18]. In literature, PES programs have been criticized because
“capitalist markets cannot be the answer to their ecological contradictions” [19] and
have been judged as “commodity fetishism” [20]. While others emphasize also their
potential, especially if payments are not the only approach but one amongst others
and critically thought of before implementation [21]. For low-income landholders in
developing countries, ecosystem service markets and systems were found to present
many potential opportuniti Klicken oder tippen Sie hier, um Text einzugeben. es and
to contribute to poverty alleviation at the global level [21].
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Governance of Water and Ecosystems

The subsequent section describes Egyptian and EU legislation concerning water and
ecosystems.

2.1.5 Legislation in Egypt

The Ministry of Environment, together with the Egyptian Environmental Affairs
Agency (EEAA), are the institutions responsible for governing the environment in
Egypt [22]. They are responsible for protecting the environment, defining policies
and preparing laws [22].

Themain institutional body for governingwater resources in Egypt is theMinistry
of Water Resources and Irrigation (MWRI) [23]. It has the legal responsibility of
protecting water resources and ensuring water quality Water Resources and Agricul-
ture in Egypt. Also, other ministries are connected to the Egyptian water manage-
ment, especially the Ministry of Agriculture and Land Reclamation (MALR) given
that agriculture is the number one consumer of water [23].

In 1983, the Nature Protection Law 102/1983 was implemented (Arab Republic
of Egypt. Nature Protection law, 2019). Law No. 4 was implemented in 1994 and
amended in 2009, being Egypt’s overall law for the protection of the environment
(Arab Republic of Egypt. Law 4 for the Protection of the Environment Amended
by Law 9/2009.) In 2017, Decree No. 974 of 2017 was introduced, concerning
the registration, handling and use of pesticides (Arab Republic of Egypt. Decree
No. 974/2017. 2017). The Decrees No. 225/2004 and No. 1423/1990 are related to
fertilizer application [24].

To regulate irrigation, water distribution, establishment and maintenance, and the
groundwater process in the Nile region, Law No. 12/1984 was established in 1984
[23]. To further protect the river Nile, its canals and water passages, law No. 48/1982
was introduced addressing water pollution Decree No. 92/2013 is an amendment
to law No. 48/1982 and concerns the issuance of permits for disposing of liquid
wastes in the water passages of the Nile as long as certain requirements are being
met [23]. Decree No. 99/2000 and Decree No. 603/2002 concern the reuse of treated
wastewater in agriculture [25].

Tayie and Negm [23] argue that the MWRI does not “display major concern”
regarding the quality of water even though this is one of its core responsibilities.
Also, they state that not enough attempts have been made when it comes to water
efficiency and productivity [23]. However, MWRI started to pay great attention to
these issues.

2.1.6 Legislation in the EU

In the EU, three main institutions are involved in legislation: the European Parlia-
ment, the Council of the European Union and the European Commission [26]. While
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regulations are binding legal acts and must be applied entirely among the member
countries, directives set out goals thatmust be achieved across theEU [26]. Therefore,
themember countries have to set up their legislation in order tomeet the requirements
[26]. In the EU, several laws for the protection of the environment and water exist.
A selection is presented below:

For the protection of the environment and ecosystems, the Council Directive
92/43/EEC on the conservation of natural habitats and of wild fauna and flora [27]
and the Directive 2009/147/EC on the conservation of wild birds set up standards for
establishing conservation and protection areas in Europe, the so-called Natura 2000
network [28]. At this point, however, the focus lies more on agri-environmental laws.

The Common Agricultural Policy (CAP) of the EU consists of financial support
for farmers [29]. Entailed in the so-called “second pillar”, the Regulation (EU) No
1305/2013 on support for rural development includes agri-environment schemes
(AES),which are payments for voluntary agri-environment commitments [29]. These
were first introduced in the 1980s and are a compulsory part for member countries
since 1992 [29]. They exist in addition to the so-called “first pillar” with its cross-
compliance requirements, being the basic part of environmental requirements that
farmers must meet in order to get CAP funding [29]. Batáry et al. [30] argue that
AES must be easy to implement, possible on a large scale, and attractive to farmers.
They also judge AES to be expensive and need to be carefully designed and targeted
to make a difference [30].

For pesticides, a legislative package was introduced in 2009, consisting of Direc-
tive 2009/128/EC establishing a framework for Community Action to achieve the
sustainable use of pesticides, Regulation 2009/1107/EC concerning the placing of
plant protection products on the market, Directive 2009/127/EC with regard to
machinery for pesticide application and Regulation 2009/1185/EC concerning statis-
tics on pesticides [31]. The legislation concerning the sustainable use of pesticides
is regarded as significantly driving IPM in the EU. European legislation “calls for
the rapid and widespread mainstreaming of IPM” [31].

EUwater legislation is rather comprehensive.Directive 2000/60/EC establishing a
framework for Community Action was established in 2000, including the protection
of water bodies, their related ecosystems and sustainable use of water [32]. This
Directive is also being called Water Framework Directive (WFD) and is the most
substantial part of the EU water legislation [33].

In 1991, Directive 91/271/ECwas introduced, concerning urban wastewater treat-
ment, to protect the environment from wastewater, originating also from industries
[34]. In the same year, Council Directive 91/676/EEC was established, concerning
the protection of waters against pollution caused by nitrates from agricultural
sources [35]. In 1998, Council Directive 98/83/EC set standards for drinking water
[36]. Directive 2006/7/EC concerning the management of bathing water quality
strengthens the rules of theWFDand supplements it onwater protection andmanage-
ment [37]. Directive 2006/118/EC on the protection of groundwater against pollu-
tion and deterioration is related to the WFD and sets out measures for protecting the
groundwater from pollution [38]. Directive 2005/35/EC addresses marine pollution
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caused by ships [39]. In May 2018, the European Commission proposed a regulation
on minimum requirements for water reuse that has not entered into force yet [40].

Researchers have long perceived the WFD’s approach to be innovative and a role
model for other water policies worldwide [41]. As the Directive’s goals were not
met by its deadline in 2015 and the improvement of water status is being slower than
intended, stronger policy integration across different sectors is needed and imple-
mentation weaknesses need to be eliminated [41]. Voulvoulis et al. [42] also argue
that current implementation efforts need to be reviewed or revised for reaching the
potential of the WFD among the EU members. They designate the WFD as the most
ambitious piece of EU environment legislation so far [42].

2.2 Water and Ecosystem Developments

This part of the study deals with water and ecosystems and their services in rela-
tion to agriculture—worldwide, in the EU and Egypt. Also, it describes current
developments and threats.

2.2.1 Water and Ecosystems Around the Globe

Unsustainable development pathways and governance affect water quality and avail-
ability worldwide. Demands for freshwater are growing—the global water demand
is going to increase by 55% until 2050—as projected by the UN, influenced by
population growth, urbanization, industrialization and increases in production and
consumption [15]. At the same time, these processes also lead to the pollution of
waters and the reduction of its accessibility. Increasing demand would likely induce
competition and conflicts. Already, negative impacts on the most vulnerable people
and ecosystems can be identified [15].

Climate change has large impacts on several aspects of the hydrological cycle—
leading to the increase of extremes—and therefore makes the management and use
of water resources more difficult [43].

Whilst groundwater plays an important role in water supply, an estimated 20% of
the world’s groundwater bodies is being over-exploited contributing to land subsi-
dence and saltwater intrusion [15]. Especially around mega-cities and intensely used
agricultural areas, groundwater levels are decreasing while providing 43% of all
water used for irrigation in agriculture [15]. Not only growing water demand but
also water pollution affects water availability.

How our water resources are being managed also has an impact on the world´s
ecosystems. Polluted or contaminated waters can degrade connected ecosystems
while residues of nutrients from fertilization lead to the eutrophication of water-
related ecosystem [15]. These ecosystems provide essential services and contribute
to water purification or flood control [15]. Ecosystems and biodiversity also provide
services, that are essential for agriculture e.g. pollination, healthy soils and nutrient
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cycling, biological control of pests or diseases, provisioning as well as regulating
services –food, bioenergy, and carbon storage [44].

Processes within agricultural systems, however, can affect ecosystem services
and lead to disservices like pesticide poisoning, water pollution and loss of biodiver-
sity [44]. A positive or negative influences on ecosystem services depends on how
agroecosystems are being managed [44] For example, ecosystem services like pest
control provided by natural enemies have widely been replaced by pesticides which
has degenerated the capacity of agro ecosystems to provide pest control [6]. In some
systems however, applying IPM enhances pest control provided by natural enemies
[6].

Worldwide, fertilizer consumption is still growing since 2000 and projected to
rise further [45]. However, nitrogen use efficiency for cereal production is only
about 33 percent while the remaining percentage is leached or emitted in the form
of greenhouse gases [3] and potentially degrade the ecosystem.

The Millennium Ecosystems Assessment, initiated by the UN in 2005, found
that more than 60% of ecosystem services under consideration are being degraded
or transformed worldwide. The major changes occurred since the middle of the
twentieth century to meet the growing demand for food, freshwater, timber, fibre and
fuel [6]. Such degradation and losses are mostly irreversible [6].

In the face of such trend, by the year 2050, agricultural food production will still
need to increase by about 60% globally and by ca. 100% in developing countries
[15]. Whereas, water and intact ecosystems are essential for this development.

2.2.2 Water and Ecosystems in Egypt

Egypt is located in a semi-arid climate zone characterized by hot dry summers and
mildwinters with very little rainfall [46]. Annual rainfall ranges between amaximum
of about 200 mm along the northern coast to a minimum of nearly zero in the south
[5]. However, the average rainfall per year is only about 10 mm [47].The majority
of the country is desert land whileSinai obtains more rainfall than the other desert
areas leading to numerous wells and oases in this region [5]. The Nile Valley and
Delta account for about 4 percent of the total country area [5]. According to [47],
“nearly 95% of the freshwater requirements in Egypt are covered by the River Nile.
Moreover, any development (i.e., agriculture, industrial, cultural) mainly depends on
the availability of Nile water”. As a result, about 95% of Egypt´s population lives in
the Nile Valley and Delta [5]. The population is estimated to reach about 100 million
by 2025 and 140 million by 2050 [47]. In the near future, Egypt’s per capita share
of water is estimated to be reduced by half even without considering the impact of
climate change [46].

In Egypt, the main water consumer is the agricultural sector, accounting for the
use of about 85% of the available freshwater and returns about 25% to the system
via drainage and deep percolation [47]. Drainage water often does not fulfill the
required quality and contains dissolved salts and residues of pesticides and fertilizer.
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This, together with industrial and domestic wastewater, contributesto the growing
pollution of the Nile [48].

In case of water resources, Egypt has a fixed amount of water supply of ca. 57
Billion Cubic Meters (BCM) per year, of which 97% comes from the River Nile
and the rest from precipitation and underground water [49] On the demand side,
it is estimated that 72 BCM per year is required with 80% going for agriculture
[49]. Excess demand is accommodated by tapping groundwater (6 BCM) and non-
renewable aquifers (1 BCM), plus reuse of agricultural drainage water (about 7.5
BCM) and treated municipal and industrial wastewater (variously estimated at 0.7–3
BCM) [49]

There is already a gap between Egypt´s freshwater resources and its demand [47].
This gap is likely to grow as Egypt´s water requirements increase not only due to
population growth and higher living standards, but also due to agricultural expansions
[47]. Furthermore, there are uncertainties related to the main water resource, Nile
River (see—The Nile Water Agreement with Sudan provided by the Aswan High
Dam), due to shifts in the regional politics [47]. In the unstable political period from
2011 to 2014, Egyptian negotiation of its water rights with Sudan and Ethiopia in
the face of the Ethiopian Renaissance Dam was not successful [23].

Also, climate change makes the management and use of water resources more
difficult [43] The rise of temperature associated with climate change will likely
lead to increasing evaporative losses from the Nile River [46]. In addition to that,
higher temperatures also increase agricultural water demands [46]. Thus, ground-
water exploitation is undoubtedly on a rise [47]. In numerous parts of the country
extensive water extraction does not pay enough regards to the recharging capacities
of aquifers [47].

As conventional water resources are limited, usage of unconventional water
resources, like treated wastewater and drainage water or desalinated water is an
important approach to increase available water resources [50].). In achieving this
goal, the infrastructure for wastewater treatment needs to be expanded according to
[51]. Currently, untreated or partially treated wastewater is used for agricultural irri-
gation at some places with possible negative impacts on the environment and human
health [51].

As earlier mentioned, the arable land accounts for a small percentage of the
whole country´s area in Egypt. The ecosystem of the Nile Delta´s coastal zone is an
important aspect of agricultural production and is affected by human interventions
and land-use changes [52]. These developments cause seawater intrusion, erosion as
well as possible disappearance of natural ecosystems in that area [52]. Major land-
use changes in the western Nile Delta were due to transforming barren land into
agricultural land resulting in land degradation [53]. Whereas, climate change will
also have an impact on the Nile Delta. Sea level rise will affect water quality and lead
to groundwater salination leading to a projected loss of arable land and damaging of
natural habitats [54].
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2.2.3 Water and Ecosystems in the EU

While Egypt consists of mostly deserts, the EU’s 28 (United Kingdom included)
member countries are partly located in the moist mid-latitudes and partly in the most
subtropical mid-latitudes, i.e. theMediterranean area (Schultz and Ökozonen, 2008).
Throughout these climate zones have at least 6 humid months per [55]. In Germany,
the average annual precipitation is 700mm, inNorway 1400mm, in Portugal 850mm
and Greece 650 mm [5] Cyprus, Bulgaria and Malta are countries confronted with
water stress in Europe [56].

Projected rising temperatures and changes in precipitation patterns [57] can be a
challenge for agriculture also in Europe. The above-average hot and dry summer of
2018 has already led to poor yields across the EU. In Germany, cereal yields were
about 20% lower than previous three year´s average [58]. While in Germany and
Norway, the main water consumer is industry, in Portugal and Greece, most water is
being used for agricultural purposes [5].

According to the European Commission, 60% of all surface water bodies did not
achieve good ecological status as defined in EU´s water legislation [40]. While 38%
of all surfacewater bodies and35%of the area of groundwater bodies have been found
to be affected by diffuse source pollution i.e. pollution resulting from many sources
[59]. This pollution is as a result of agricultural emissions of nutrients—nitrogen
and phosphorus and chemicals—pesticides [59]. Thus, the pollution of ground water
can be linked to agriculture and drainage of peat lands especially in northern Europe
[33].

There are also declining groundwater levels in southern Europe (Spain and
Greece) due to extraction for irrigation [33]. Water withdrawals for public, agri-
cultural and industrial supply are the main reasons for failing to achieve the required
quantitative status [59]. Overall, 89% of the area of groundwater bodies achieve EU
requirements [59].

Presently, treated urban wastewater that is being reused is less than 0.5% of the
amount of annual freshwater withdrawals across the EU [40]. While Cyprus reuses
more than 90% of its wastewater and Malta 60%, Greece, Italy and Spain reuse
between 5 and 12% of their wastewater [40]. The UN state that the significant poten-
tial for wastewater reuse in EU is inter alia restricted by missing standards and safety
concerns [15]. The potential for water reuse in Europe, however, is very high and a
significant number of water reuse projects are in an advanced planning phase [60].

In the EU, more than half of the landscape is under agricultural use, thus, ecosys-
tems in Europe depend on agricultural management but also show on going declines
[30]. According to Kløve et al. [33] amajor threat to ecosystem in the EU is the use of
fertilizer and pesticides in agriculture. This pollutes the groundwater which essen-
tially contributes to various terrestrial and aquatic ecosystems [33]. Furthermore,
changes in land-use practices and water withdrawals are endangering the ecosystem
[33].
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3 Material and Methods

In this section of the study literature as well as law documents were analyzed. In
addition, we describe how the software ATLAS was used for the elaboration and
depiction of own results.

3.1 Literature

The literature search for this study was conducted with google scholar and Scopus.
UN documents have been derived from the UN website or related websites, e.g.
FAO. The 2030 Agenda for Sustainable Development is the overall framework and
serves as a blueprint for both the Egypt and EU in the fields of water and ecosystems.
Concerning ecosystems and ecosystem services, the publication Transforming Food
and Agriculture to achieve the SDGs by the FAO, was reviewed inter alia, how to
involve agriculture in the protection of ecosystems according to the 2030 Agenda.
Soil and genetic resources as well as targets 6.1 and 6.2 concerning drinking water
and sanitation were not included in the research as they are outside the scope of this
study.

The selection of relevant Egyptian and EU laws was contained by the criterion
that they must not have been implemented before the year 2000. The aim was to
find legal acts, i.e. laws or decrees, directives and regulations or their amendments,
implemented to tackle issues related to water and ecosystems at the turn of the
millennium. For water, we took into account laws that do not necessarily address
water use in agriculture alone but other sectors. For ecosystems, however, only legal
acts which are directly linked to agriculture have been selected.

The EU laws were received from the EUR-Lex website (https://eur-lex.europa.
eu/homepage.html). The webpage contains all EU treaties, legal acts, international
agreements and other related documents. These documents are available in English,
as well as in all member state´s languages.

It was more difficult to find and retrieve the relevant Egyptian laws on-line. The
Ministry of Environment’s website (http://www.eeaa.gov.eg/en-us/home.aspx) was
accessible and available in English. The Ministry of Agriculture and Land Reclama-
tion’s website (http://www.agr-egypt.gov.eg) could not be accessed. The Ministry of
Water Resources and Irrigation´s website (https://www.mwri.gov.eg/en/index.php/
ministry-8#) could be accessed in English but did not respond to inquiries. Thus, for
Egyptian legislation, it was necessary to use summaries of legislation.

https://eur-lex.europa.eu/homepage.html
http://www.eeaa.gov.eg/en-us/home.aspx
http://www.agr-egypt.gov.eg
https://www.mwri.gov.eg/en/index.php/ministry-8%23
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3.2 ATLAS.ti—Coding Strategy

ATLAS is a Qualitative Data Analysis-Software and a tool for detecting and summa-
rizing relevant information in vast data sets. The software can be downloaded online
on the ATLAS website (atlasti.com) of which version ATLAS s7.5.7 was used for
the study. With ATLAS it was possible to create a suitable basis for comparing the
UN framework and/or guideline with Egyptian and EU law. The software also allows
a graphical presentation of the final analysis.

In this section, the process of working on this chapter with ATLAS is being
described. To begin working with ATLAS, it is necessary to import documents
to the so-called Hermeneutic Unit (HU). The HU is the whole research plat form
and consists of imported documents, selected quotations and assigned codes. The
imported documents are the Primary Documents (PD). These documents can be
organized in the Primary Doc Manager i.e. renamed or re-grouped. For this study,
the documents have been imported to ATLAS and grouped to the three PD Families
“United Nations framework”, “EU laws” and “Egyptian laws”.

Relevant sections of the documents concerning water and ecosystems were high-
lighted and quoted. These quotations were then organized in the Quotation Manager.
To every quotation, one or more codes have been assigned. The codes capture the
idea of the quotation. As coding is a form of qualitative and therefore subjective anal-
ysis, a coding strategy was developed in the coding process. This coding strategy and
process is described in Table 1 or transparency and comprehension. The codes are
then organized in the Code Manager after which the analysis of the documents was

Table 1 Coding Strategy for the UN framework and/or guideline for water and ecosystems

Code Assigned to

For water

Improving/maintaining water quality Quotations about minimizing or preventing
water pollution and contamination, maintaining
or improving water quality

Efficient/sustainable water use/abstraction Quotations about ensuring water productivity
and water-efficient and/or sustainable use, about
sustainable withdrawals and abstraction

Water recycling and reuse Quotations about ensuring reuse and recycling
of water through e.g. wastewater treatment

For ecosystems

Payments for agri-environment commitments Quotations about realising payments for
agri-environment commitments by farmers

Promoting integrated pest management Quotations about promoting integrated pest
management

Adjusting fertilization Quotations about judicious fertilizer use and
adjusting fertilization measures
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done. The results of the analysis are represented in graphic form using the Network
View Manager of ATLAS.

4 Results

The results gained from the analysis in ATLAS show the focus of the UN concerning
water usage as well as the UN approach for engaging agriculture in the protection
of ecosystems. They also display, the extent Egypt and the EU have implemented
into legislation and/or laws the UN framework and/or guidelinesince the year 2000,
revealing progress and possible gaps. The following part outlines the codes that have
been assigned and consists of figures that display the results.

4.1 UN Water Approaches—Egyptian and EU Law
Implementation

Coding the 2030 Agenda, in particular the SDGs, revealed the following UN focus
on water and led to three major codes:

• Efficient/sustainable water use/abstraction
• Improving/maintaining water quality
• Water recycling and reuse

For Egypt, the code improving/maintaining water quality was assigned to the
amendment of the Environment Law in 2009 andDecreeNo. 92/2013, an amendment
to law No. 48/1982. Although the Environment Law with regards to water only deals
with protecting marine waters. For Decree No. 99/2000 and Decree No. 603/2002,
from 2000 and 2002 respectively, the code water recycling and reuse were assigned.
The code efficient/sustainablewater use/abstractionwas not assigned. Figure 1 shows
theUNwater approaches in the 2030Agenda and their implementation inEgypt since
the year 2000.

For the EU, the Water Framework Directive, established in 2000, the codes
efficient/sustainable water use/abstraction and improving/maintaining water quality
were assigned. The code of water recycling and reuse could not be assigned.

Figure 2 shows the UN approaches to water and their implementation to EU
legislation since 2000.
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Fig. 1 UN-water approaches—Egypt law implementation (own figure)

Fig. 2 UN water approaches—EU law implementation (own figure)
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4.2 UN Ecosystem Approaches—Egyptian and EU Law
Implementation

Coding the FAO document Transforming Food and Agriculture to achieve the SDGs
led to three major codes:

• Promoting integrated pest management (IPM)
• Payments for agri-environment commitments
• Adjusting fertilization.

To the Egyptian legislation since the year 2000, two of these codes were assigned.
The code promoting integrated pest management was assigned to the Decree No.

974 of 2017. The code adjusting fertilization was assigned to Decree 225/2004.
Figure 3 shows the UN ecosystem approaches as well as the implementation in

Egypt
For the EU, the code promoting integrated pest management could be assigned

to the Directive 2009/128/EC establishing a framework for Community action to
achieve the sustainable use of pesticides. To the Regulation (EU) No 1305/2013 on
support for rural development the code payments for agri-environment commitments
was assigned. The code adjusting fertilization was not assigned. Figure 4 displays
the UN ecosystem approaches according to the 2030 Agenda and implementation in
the EU.

Fig. 3 UN ecosystem approaches—Egypt law implementation (own figure)
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Fig. 4 UN ecosystem approaches—EU law implementation (own figure)

5 Discussion

In the section below, the own results will be evaluated with respect to the existing
literature review.

5.1 UN Water Approaches—Egyptian and EU Law
Implementation

Results show that theUN focus onwater is based on themaintenance or improvement
of water quality, sustainable and efficient water abstraction and use, as well as water
reuse and recycling. The UN therefore took an important step ahead from theMDGs,
where drinking water and sanitation were the only topics addressed. Thus, along
with the SDGs, the UN address water in a broader scope which is indeed necessary
regarding the importance of water and the current development. As the population is
growing, and accordingly the demand for freshwater [15]—not to forget, the impact
of climate change [43–46, 48–57]. It is of great importance that water is being
protected from overexploitation and pollution and that safe reuse and recycling are
being promoted.

According to own results, Egypt and the EU both implemented legislation that
entails parts of the UN approaches since 2000.



424 E. Mutz et al.

It can be derived from the reviewed literature that there is an essential need inEgypt
to protect existing water resources which must encompass efficient use and sustain-
able abstraction measures. In respect of that, no legislation has been found to have
been introduced since the year 2000. Accordingly, [23] perceive that water efficiency
is not being sufficiently considered in Egypt. Regarding the gap between Egypt’s
freshwater resources and demand which is likely to grow further [47] adequate legis-
lation ensuring water efficiency and sustainable withdrawals can be perceived as of
major relevance.

The importance of the protection of Nile water from pollution can possibly not
be overestimated. The amendment of law No. 48/1982 by Decree No. 92/2013 in
2013 and the amendment of The Environment Law in 2009 were found to address
water quality. However, [23] describe the Ministry of Irrigation as not adequately
contributing to ensuring water quality.

Using unconventional water sources like treated wastewater, drainage water and
desalinated water is considered to be an important approach for Egypt [50]. Although
in 2000 and 2002, as own results show, new legislation concerning water reuse has
been introduced, research voices say that capacities for wastewater treatment need to
be increased [51]. Present on-farm practices for water reuse (e.g. using non or partly
treated wastewater for irrigation) [51] lead to the conclusion that either legislation
itself or the implementation is too lax when it comes to water reuse.

In the EU, results show that the WFD is regulating sustainable water abstrac-
tion measures. There are declining groundwater levels in southern Europe [33] but,
overall, most of the groundwater bodies are in good quantitative status as defined by
the WFD itself [59]. With possible precipitation changes in the future (IPCC, 2014)
it is important, that sustainable abstraction is further being warranted across the EU.

The WFD also includes maintaining or improving water quality and has been
referred to as the most ambitious piece of European environmental legislation so far
[42]. It surely must be acknowledged that the EU adopted it already 15 years before
the SDGs and their call for ensuring water quality were developed. However, water
quality has not fulfilled the standards set in theWFD for 60% of surface water bodies
by the deadline of 2015 [59]. Agricultural pollution affects more than one-third of
surface and groundwater bodies [59]. Researchers suggest stronger policy integration
across sectors [41] and reviewing and changing thewayofWFD implementation [42].

The amount of reused wastewater across the EU can almost be neglected in
comparison to freshwater withdrawals [40], although the potential is being seen
as very high [60]. At present, there is no EU-wide legislation for water reuse, but a
proposal for a regulation that sets minimum requirements for water reuse has been
made public on May 2018 [40].

Egypt´s per capita share of water is strongly decreasing [46]. This implies that
deliberate water legislation should be a priority for Egypt. However, Egypt has not
implemented legislation covering all the UN approaches as it has not introduced
new legislation concerning sustainable water withdrawal and use. Also, not much
can be drawn on the quality of the existing water-related laws or extent of their
amendments. Water wise, the EU is not facing as many constraints as Egypt and
has, with the WFD, an innovative piece of water legislation that, however, needs
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to be properly implemented to unfold its potential. Water reuse is important to be
promoted and represents a current gap in view of the UN approaches.

5.2 UN Ecosystem Approaches – Egyptian and EU Law
Implementation

Results show that to engage agriculture in the protection of ecosystems, the UN
suggests promoting IPM, setting payments for agri-environment commitments and
adjusted fertilization. Along with the MDGs, the UN did not address environmental
protection to the same extent as in the 2030 Agenda where several goals and targets
address ecosystems in different ways. The 2030 Agenda emphasizes the importance
of ecosystem conservation [13] while in the United Nations Millennium Declaration
the term ecosystem was not yet mentioned throughout the whole document [17].
Likewise, the fact that the UN introduced the UN Decade on Ecosystem Restoration
from2021 - 2030 shows the new-found courtesy.Given that ecosystem services are so
important yet degrading makes it indeed necessary to introduce measures to protect
them. The UN also recognizes the role agriculture is playing in both ecosystem
degradation but also in ecosystem conservation [3], as agricultural practices can
affect ecosystem services [44]

The own results show that both Egypt and the EU have introduced legislation that
partly covers the UN framework.

Egypt has introduced legislation that entails the promotion of IPM since the year
2000. As the Ministerial Decree No. 974 of 2017 is rather new, future will have to
show if its establishment has positive impacts on e.g. the amount of pesticide residues
that can be found in Egyptian waters today.

According to Decree 225/2004 fertilization is being restricted with fixed shares
of fertilizer going to the farmers. However, residues of fertilizer in drainage waters
contribute to the pollution of the Nile [48] and thus also to the degradation of
ecosystems.

Egypt was not found to have introduced PES to their legislation. It has however
been proposed by [61] also see [62], as a way of reducing the inequality in the
distribution of cost and benefit among farmers resulting to a win–win situation in
Egypt.

The EU promotes IPM in the Directive 2009/128/EC, implemented in 2009. The
European pesticide legislation is judged to be a significant boost for IPM. In addition,
pesticides availability is also shrinking due to stricter regulations [31]. As pesticides
residues can be found in EU waters [59], pesticide legislation is important to be
carefully implemented in the member countries.

Payments for agri-environment commitments have been found to be covered along
with the so-called “second pillar” in the EU, with Regulation (EU) No 1305/2013
on support for rural development which is an amendment to earlier legislation. AES
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has a long history in EU and it has been stated that they need to be carefully designed
and targeted to make a difference [30].

Even though results show, that the EU has not introduced legislation concerning
fertilization practices, the WFD sets maximum levels of nutrients that are allowed
be found in waters. So, member countries must introduce their laws to meet these
requirements. Therefore, it can be concluded that the EU legislation is in that
way partly contributing to adjusted fertilization practices. Aas stated above, it was
found that the EU member countries do not meet these water quality requirements
throughout [59] which contributes to the degradation of ecosystems [33].

Literature shows that in Egypt, the Nile Valley and Delta represent a significant
share of the limited amount of fertile land. Parts of this land area are degrading and
agricultural production is contributing to that [52]. Also, the ecosystems in Europe
show declines [30]. According to [30] they depend on agricultural management as
the area under agricultural use is considerably large in the EU. Their long history of
payments for agri-environment commitments shows that the EU member countries
have been sensitized for engaging agriculture in ecosystem conservation for quite
some time. In view of the 2030 Agenda and current developments, both Egypt and
the EU have their gaps to close either in legislation setting or implementation of
already existing agri-environmental laws.

6 Conclusion

This study reviews the 2030 Agenda as a blueprint for water and ecosystem services
in the context of agriculture. Since it has been agreed on and adopted by the UN
member states. Despite the possible weaknesses of the 2030 Agenda, the potential
of a common plan and framework in the world today should not be neglected. For
both Egypt and the EU, implementation of this international consensus could lead
to improved water handling and agricultural practices. Reviewing already existing
legislation or ensuring its implementation can also be regarded as an important
approach.

Our results show that the 2030Agenda with its ambitious targets has been adopted
and to some extent already passed into law by the EU member states and Egypt.
However, these laws and decrees have to be adequately enforced for some of the
targets to be achieved by the EU member states and Egypt. Results also show that
there are still gaps to close, especially in areas where no new legislation has been
introduced in the last two decades.

Today, the whole world is in the same boat when it comes to the sustainable
development pathway—with or without the 2030 Agenda. To put it simple: The UN
member states committed to the SDGs and to providing voluntary reports about their
progress. Thus, a development towards the achievement of the 2030Agenda’s targets
should only be a question of time—and time is of the essence.
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7 Recommendation

Based on the results there are a number of things that policymakers can do to improve
the current available water resources. First, finding a solution to change the main
irrigation system in Egypt from flood system to amore efficient system that takes into
consideration the salinity problem of soils. Second, finding unconventional sources
of water such as using treated wastewater for agricultural purposes since agriculture
sector takes 85%of the freshwater. Fourth, develop new legislations thatmonitors and
protects current water resources in Egypt. Fifth, minimize the evaporation from Lake
Nasser which is the world largest artificial lake that exceeded the earlier estimated
amounts. Finally, developing more water efficient cropping patterns. Future research
will not only focus legislative and policy frameworks, which is a component of
the support ecosystem but as well will investigate the water user across specific
agricultural value chains and develop more water efficient crop mixes.
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Abstract The present situation in the Middle East and North Africa (MENA)
regions is framed by triple environmental sustainability-related challenges. Natural
resources are at the heart of sustainable development in MENA regions and are
critical to socio-economic growth. This chapter captures the agro-environmental
sustainability in MENA Regions (in terms of findings and suggestions) and provides
ideas extracted from the volume cases. Besides, some (update) findings from a few
recently published research works related to the agro-environmental sustainability
covered themes. This chapter provides the present challenges faced by the agro-
environmental sustainability in MENA Regions with a set of recommendations to
safeguard the resources. Environmental sustainability is concerned with the possi-
bility of protecting and maintaining environmental resources for future generations.
Developing countries are looking for growth while developed nations are looking
for instruments for post-growth and intellectual development to think about sustain-
able development (economically effective, socially equitable and environmentally
sustainable). For any economy that needs progress and development, growth has
always been a significant goal. It is based mainly on the growth of factors of produc-
tion owing to the enhanced use of available resources. However, the MENA region
faces a triple challenge: Emerging climate patterns herald a future where water
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resources lie below sustainable levels; rapid population growth is threatening to
imperil food security; and over-reliance on oil is curtailing governments’ ability to
act. Nevertheless, water crisis is more acute than in the MENA region. In addition to
food security, water scarcity is the biggest threat to human and environmental secu-
rity in the region. Droughts, soil salinity and pollution, land subsidence and rural
exodus have been triggered by the lack and inefficient use of resources. It has also
helped trigger conflicts. Agriculture and food production is a big culprit behind the
water shortage in the MENA region. The situation needs new thoughts on sustain-
ability, successful technology deployment and radical agricultural transformation.
This book holds much promise and potential for agro-environmental sustainability
in MENA Regions. This book addresses the question of how science and technology
can be mobilized to make that promise come true.

Keywords Water resources · Agriculture · Assessment · Sustainability ·
Groundwater · Deserts · Environment · Egypt ·MENA regions · Food security

1 Introduction

Environmental sustainability is concerned with the possibility of protecting and
maintaining environmental resources for future generations. Developing countries
are looking for growth while developed nations are looking for instruments for
post-growth and intellectual development to think about sustainable development
(economically effective, socially equitable and environmentally sustainable). For
any economy that needs progress and development, growth has always been a signif-
icant goal. It is based mainly on the growth of factors of production owing to the
enhanced use of available resources. TheMENA region, however, faces a triple chal-
lenge: Emerging climate patterns herald a future where water resources lie below
sustainable levels; rapid population growth is threatening to imperil food security;
and over-reliance on oil is curtailing governments’ ability to act. Nowhere else is
the water crisis more acute than in the MENA region. In addition to food security,
water scarcity is the biggest threat to human and environmental security in the region
[1, 2]. Droughts, soil salinity and pollution, land subsidence and rural exodus have
been triggered by the lack and inefficient use of resources. It has also helped trigger
conflicts. A major culprit behind water scarcity in the MENA region is agriculture
and food production. The situation needs new thinking on sustainability, efficient
implementation of technology and radical transformation of agriculture.

This book holdsmuch promise and potential for agro-environmental sustainability
in MENA Regions. This book addresses the question of how science and technology
can be mobilized to make that promise come true. Therefore, the intention of the
book is to improve and address the following main theme.

• Climate change and Water Management Practices.
• Diagnosis and New Farming Technologies.
• Practices for Sustainable Plant and Soil Production.
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• Industrial, Landscape, Touristic and political Approaches for Agro-environment
sustainability.

The next section presents a brief of the important findings of some of the recent
(updated) published studies on the agro-environmental sustainability in MENA
Regions, then the main conclusions of the book chapters in addition to the main
recommendations for researchers and decision makers. The update, conclusions,
and recommendations presented in this chapter come from the data presented in this
book.

2 Update

The following are the major update for the book project based on the main book
theme:

2.1 Climate Change and Water Management Practices

Four chapters are identified in the book related to water management practices. The
first study considers climate change impacts on water balance in Egypt and opportu-
nities for adaptations. The MENA is known as one of the world’s most water-scarce
regions. The availability of freshwater declined from 990 m3 in 2005–800 m3 in
2015 [3] and is expected to reach 600 m3 per capita by 2050 well below the indix
of poverty (1000 m3/capita) [4]. The region’s water shortage will be compounded
by the dramatically growing population, as it is expected to double to almost 450
million by 2050 [5]. According to the World Bank [6], most of MENA’s agricul-
tural areas rely primarily on rain-fed and 60% of the population lives in surface
water-scarce areas, which means the country is highly vulnerable to changes in
temperature and precipitation. Therefore, recognizing climate change threats is key
to formulating policies and rectifying approaches to reduce the risks. With its limited
water supplies and rapidly increasing population, Egypt is facing major challenges.
Per capita water consumption has declined from 2200 m3/capita/year in the 1960s to
570 m3/capita/year in 2018, and is estimated to be only 324 m3/capita/year in 2050.
Across the world, climate change is projected to trigger much greater concerns, with
significant environmental, social, and economic implications.

The second study gives an overview of the decentralized wastewater treatment by
using biofilm technologies in theMENA region. Decentralized wastewater treatment
used Biofilm technologies. Biofilm processes require less space as they consistently
keep the active sludge concentration in the biological reactor at a high level. This
is especially of great importance for applications where the type of waste implies
the risk of high sludge volume indices. The increase of the demands on efficiency
and cost of wastewater treatment leads to new interest in biofilm technology, which
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is lead to an important positive impact that can affect the treatment cost, operation,
and treatment efficiency in several countries in the region. Also, the effect of climate
change on water resources in the MENA region is expected to be significant as a
result of a decrease in precipitation and water technologies changes in its spatial and
temporal distribution. Furthermore, to demonstrate the application of several biofilm
technologies with the high-efficiency treatment of municipal wastewater in a small
and large scale with respect to the application of low-cost wastewater treatment and
also to reuse the treated wastewater for irrigation purpose as successful case studies
from and out of the MENA region.

The third study concern the estimation of the olive orchards’ water requirements
using climatic and physiological methods: Case study Tunisian Semi-arid. Irriga-
tion water management should be done with methods to save water and maximize
productivity.Water productivity increases with deficit irrigation. This technique aims
to savewater and control vegetative growth in orchardswithout any adverse effects on
production. During the first years after planting, irrigation should compensate for the
water requirements needed for tree growth to establish as soon as possible [7]. Subse-
quently, a deficit irrigation strategy is the best option for most olive orchards [7–9].
Whenever there is a shortage of water for irrigation, supplementary or supplementary
irrigation is sufficient to significantly increase crop performance.

2.2 Diagnosis and New Farming Technologies

Five approaches are used to delineate and discussed the new farming technolo-
gies. The first approach is the agrarian system diagnosis in Kerkennah Archipelago,
Tunisia. The application of a detailed diagnosis on the agrarian systems in MENA
region, more precisely in a Tunisian archipelago through a social survey allowed us
to describe the characteristics of cropping systems in general and detailed farming
systems. The interaction between different agricultural and social indicators helped
to identify gaps in the evolution of such system. Tunisia needs to develop the agri-
cultural practices of its producers. The purpose of diagnostic analysis of the agrarian
system in a small region is to identify the factors that influence the evolution of
agricultural production systems. “Agrarian system is the theoretical expression of a
historically constituted and geographically located type of agriculture, consisting of
a characteristic cultivated ecosystem and a defined productive social system. This
allows sustainable exploitation of the corresponding cultivated ecosystem”.

The second approach is precision farming technologies to increase soil and crop
productivity. In precision farming (PF) or Site-specific land management (SSLM),
the farm field is classified into “site-specific management zones” depending on soil
pH, yield rates, pest invasion, and other factors that affect soil and crop production.
Management decisions become in need for each zone and SSLM tools, for example,
remote sensing, GPS, and GIS are used to observe zone variable-rate inputs. This
method differs from traditional farming due to traditional farming used a “whole
field” approach where the field is considered as a homogeneous area, but SSLM
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method classifies the field into zones based on the field variability [10, 11]. The
application of new advanced technology in order to increase agricultural productivity
becomes an urgent solution to meet the food demand of the growing population.
Remote sensing technique is an important factor in precision farming [12]. Different
components of technologies used in precision farming include remote sensings such
as satellites, aerial photography, UAVs, GIS, GPS, the variable rate application, and
geostatistics. UAVs have been normally used for image surveys such as mapping
weed in coffee farms, finding the anomaly in the fertilization delivery system and
determining maturity analyses [13].

The third potential practice is implementing an environmental information system
in data-scarce countries: issues and guidelines. Integrating the environmental dimen-
sion into socio-economic development strategies has become a requirement for
sustainable development. To reach this goal, it is necessary to monitor the state
of the environment in order to identify, manage and supervise the different environ-
mental issues and to determine the appropriate responses for them. This objective
cannot be achieved without organizing environmental data in an information system
that can be used and updated by all the actors and partners concerned by the environ-
mental questions. The aim of implementing an Environmental Information System
(EIS) is to develop an integrated framework for the storage, production, manage-
ment and exchange of environmental information in a decision-making perspective.
However, the availability and scarcity of data remains a major obstacle for realizing
such systems, especially in developing countries. Society responds then by trying to
provide solutions to these changes by adopting environmental, economic and social
policies (Responses) [14]. To overcome the problems of access and availability of
data, other alternatives are to be explored. Earth observation data captured from
satellites is one of the promising options in this regard. Indeed, with the free and
open access to satellite data of many types and resolutions, these databases become
a valuable source that countries suffering from data availability problems can exploit
and glamorize [15]. Big data techniques present three significant advantages for the
implementation of information systems. Firstly, they provide solutions for the storage
of mass data that evolve over time, such as those concerning the environment. They
provide algorithms and methods for processing and analyzing extensive data coming
from various sources. Finally, they provide tools and interfaces to display informa-
tion in many ways that make it easy to understand and interpret the phenomena being
studied [16].

The fourth approach is related to the green spaces for residential projects as a
commitment to environmental concerns and a sustainable development initiative:
Design of a periurban park in Casablanca, Morocco. Morocco has embarked on a
long process of modernization of the territorial administrative organization and its
adaptation to the current political, economic and social context while gradually intro-
ducing a decentralization that will allow a rapprochement between the administration
and the local authorities. The need for green space is no longer to be demonstrated
in urban areas; It is not only a question of environmental and aesthetic stakes but
also the place of founding experiences and social openness. The presence of this
vital space is essential for the well-being of human populations because its absence
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presents itself as a phenomenon to be analyzed. Casablanca is a city that is much
better known for its buildings than for its green spaces. Places of relaxation in the
White City are numerous, but they are poorly maintained. This will make Morocco
one of the most emerging countries in the MENA region. The processes of territorial
recomposition in Morocco are characterized by a continuous dynamic, reflecting the
major changes that affected the different sectors of the country during the twentieth
century.

The fifth approach is related to the environment and sustainable development in
front of the artificialisation of the coastlines: Coasts of Tunisia,Morocco andAlgeria.
The traditional economy of the Sahel region was mainly based on agriculture and,
in particular, olive growing, livestock farming and vegetable crops. This was also
the case for all of Tunisia, which had just emerged from decades of colonialism.
Thus, at that time, the coastal landscapes of the Sahelian region, in general, and
the Sousse region, in particular, were formed, essentially, as the following figures
show, by a succession of traditional vegetable crops plots (called chatts) and olive
groves. The latter were particular and occupied most of the fertile coastal lands of
the region [17]. The impact of coastal artificialisation, notably on the environment
and sustainable development, is found not only in the Sahelian region of Tunisia but
also in several countries of the Mediterranean basin, such as: Morocco, where tourist
and resort urbanization has taken place in the form of a ribbon along the beaches
and on former coastal agricultural land, and Algeria, where diffuse urbanization
generated in particular by the most widespread form of dwelling which is the form
of individual dwelling, has invaded coastlines such as those of the city of Oran. This
development of coastal tourism infrastructure has therefore not beenmade for the sake
of sustainability, given that we have noticed that, in recent decades, tourism has been
turningmore andmore towards new concepts.We are no longer talking about seaside
tourism alone (this concept is the main reason for the coastal polarization of tourist
infrastructures) but also about other concepts among them cultural tourism, green
tourism and agritourism. Tunisia has important potentials that could be essential in
promoting these new concepts. Among these potentials: coastal agriculture. Indeed,
the Sahel region is characterized not only by its tourism but also by its agriculture
located on the seafront and which is entirely productive. This agriculture could play,
in addition to its primary function of food production, other functions that can be
assets for the promotion of tourism respectful of the environment and perfectly in
agreementwith sustainable development of the region. It could also be one of the links
in the chain that would lead to environmental protection and sustainable development
of this region.

2.3 Practices for Sustainable Plant and Soil Production

Six potential practices for Sustainable Soil Production are updated. The first poten-
tial practice is sustainable agriculture in some Arab Maghreb countries (Morocco,
Algeria, and Tunisia). Agriculture has changed fundamentally and over time has
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become the main economic sector responsible for multiple environmental impacts.
The environmental impact of a pesticide depends on the degree of exposure (resulting
from its dispersion and concentration in the environment) and its toxicological char-
acteristics. Intensive agriculture exposedArabMaghreb countries (Marocco,Algeria,
Tunisia) to chemical pollution in irrigated areas: contamination and degradation of
water ground, watercourses and soil, mainly due to the use of mineral fertilizers and
crop protection products [18]. Asmany countries in this planet are exposed to climate
change, due to the bad management of this fragile sector, the reduction of yields in
Arab Maghreb countries depends on climate changes [18, 19]. Without forgetting
the lower levels of the agriculture users, they had the hard effects on agrosystems
then on the environment [19].

The second approach is the possibilities of mineral fertilizer substitution via bio
and organic fertilizers for decreasing environmental pollution and improving of
sesame (Sesamumindicum L.) vegetative growth. Nitrogen is an essential element
for other vital processes like carbohydrates, proteins, metabolism, and (reinforcing
both stages of cell division and cell enlargement). Potassium is playing a vital role in
stimulating the enzymes and fight biotic and abiotic stresses such as cold, diseases,
waterlogging, other opposite conditions [20], pests, drought, salinity. Mineral fertil-
izers are expensive, not easily available, and increasing its doses about plant needs
lead to environmental pollution. Possibilities of partial or complete substitution of
mineral fertilizer via bio and organic fertilizers were assessed for improving the
characteristics of sesame vegetative growth and contributing to decreasing environ-
mental pollution. The sesame plant is an important oilseed crop, which has medical
and pharmaceutical uses. Its seed oil contains some of vitamins and minerals such
as copper, calcium, high content of phosphorus, iron, magnesium, manganese, zinc,
and vitamin B1.

The third potential practice gives an overview of the animal and Rangeland
resources in Shalatin—AbouRamad—HalaibsTriangle Region (SAHTR), Red Sea
governorate, Egypt. Shalatin—AbouRamad—HalaibTriangle Region (SAHTR) has
vital and strategic importance to Egypt. Due to harsh climatic conditions, low and
erratic rainfall precipitation and lack of knowledge, there is no any traditional agri-
culture activities [21]. The major income and food sources have been traditionally
through nomadic animal husbandry and trading. A part from livestock, other tradi-
tional sources of income is charcoal, wild honey, medicinal herbs, and seed collec-
tion. A combination of severing long–lasting drought and loss of access to traditional
grazing areas has dramatically undetermined the continued viability of their nomadic
pastoralist way of life. Most of them loose their animals and become extremely
poor and food insecure, with high levels of malnutrition amongst women and chil-
dren. The chapter focuses animal and natural range resources in Shalatin—Abou
Ramad—Halaib Triangle Region (SAHTR) to identify the potentialities of animal
and rangeland resources; main constraints and problems that would help in planning
specific strategies for developing animal production in the region and enhancing local
Bedouin’s welfare.
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2.4 Industrial, Landscape, Touristic and Political Approaches
for Agro-Environment Sustainability

Six sustainable industry approaches are identified. The first approach is the Chemical
Industry Vis-A-Vis Sustainability In MENA Regions: The Case Of Tunisia. While
the second approach is the sustainable mining site remediation under (Semi) Arid
Climates in the Middle East and in Northern Africa. The Djebel Ressas Mine in
Tunisia as an example of the Orphaned Mines Issue. Orphaned mines after coal,
metals, oil shale, and other extracting, are a universal problem all over the world, in
different cultures [22]. As primary effects, if the underground or open cast mining is
stopped, abandonedmines can cause unstable underground structures or a heightened
exposure of minerals releasing chemicals, for example. As secondary effects, defor-
estation, erosion and groundwater contamination from isolating metals can follow,
amongothers.As a tertiary effect, areas near open-castmines canbecome inhabitable.
For example, as mining often affects the groundwater levels via pumping, the stop-
ping of the mining activities does not only restore the former groundwater levels.
It may also create an artificial hydrogeological situation where the underground
aquifers are even destroyed. Even if the site remediation addresses the groundwater
levels’ restoration, the water quality could be deteriorated by heavy metals and other
pollutants such as radioactive substances. So for agriculture and human habitats, the
availability of fresh, unpolluted water is a key issue. The semi-arid climate limits the
water availability in the MENA area, so water issues will be among the top priority
future issues. For the third approach is the steppe ecological systems dynamics:
between conservation of diversity and adaptation to agropastoral production systems.

The second approach is the agricultural landscape of Sahel Bizertin: A Heritage
in Peril. The knowledge of landscapes as a value has become very distinctive and
topical in the last decades. The landscape with harmonious and consistent relations
between human activity and preserved nature is an essential competitive advantage.
A recognizable outstanding landscape presents above all the identity of a certain
area at different levels. The treatment of the landscape also depends on the attitude
of society towards it, thus influencing the state and image of landscapes and the
quality of our life. The Sahel of Bizerte is rich in heritage and landscape identity
reflecting the evolution of the human occupation of the territory. The heritage value
of the landscape is mainly due to the time.

The third approach is the urban tree: a key element for the sustainable development
of Tunisian cities. A number of programs and projects aiming to improve the quality
of life in urban and rural areas, have been developed by the Tunisian Ministry of the
Environment and implemented. We can cite the program of the promotion of urban
aesthetics (green spaces, urban parks, environmental boulevards, boulevards of the
earth, strategic routes and entrances of cities…), besides the program of assistance to
the preparation and implementation of Agenda 21 and urban development strategies.
Green spaces are an essential element for the aesthetics, setting and quality of life
of a city. They help to ventilate the cities and must be considered as the lungs of the
city. They are places of relaxation, walk, rest, games for the youngest, sports fields
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for all ages. It was necessary to return to the role of the tree in the city, a role that
merges with the three pillars of sustainable development because of its benefits for
the territory, for man and society. Then, it was about to see the short history of the
introduction of the tree in urban areas in Tunisia and especially in the city of Tunis.
The tree that was having a role only food now is having an ecological ornamental
role and even symbolic.

The fourth approach is related to the question: What prospects for sustainable
tourism development in Hergla (Tunisia)? Hergla is an old farming village located
on the eastern coast. It is located to the north of the integrated El Kantaoui Tourist
Resorts, in the governorate of Sousse. Faced with the natural and cultural specifici-
ties of the site, the authorities are compelled to adjust tourism spaces otherwise in
response to new international standards in terms of sustainable tourism. Tourism
is affected by a tight transformation aimed at a development that is inevitably
more sustainable [23]. To achieve the principles of sustainable development, the
Charter initiates the creation of new partnership relationships between the main
actors involved in this activity, in particular, the territorial actors, to forge the hope of
developingmore responsible tourism in regardwith our common heritage.Moreover,
tourism development is part of a global land management, which integrates local
actors. Indeed, “the concept of sustainable land management (SLM) offers solu-
tions that go beyond technologic recommendations by including aspects of social
participation and policy dialogue”.

The fifth approach is the climate factors affecting sustainable human and tourism
comfort in Aswan Governorate. Tourism has become one of world’s most notable
industries and is a main driver for many countries’ economies around the world.
The development of tourism should be sustainable, but the issue of how this can
be achieved remains the subject of discussion. Sustainable tourism is the applica-
tion of sustainable development ideas to the tourism sector, that is, tourism that
meets the needs of the present generation without compromising the ability of future
generations to meet their own needs [24]. The tourism industry, which is mainly an
outdoor economy, can be particularly vulnerable to climate and weather effects [25].
Weather and climate variables can affect seasonal tourist arrivals, affecting financial
activity’s sustainability [26]. Climate and its various components influence, directly
on the human body and its social and psychological life. Because the place chosen by
the tourist must have adequate climatic and environmental conditions for his move-
ments and needs, which is different from the place where he lives, therefore, the
elements of climate are one of the most important natural geographical components
on which tourism is based.

The sixth approach is the Agri-environmental policies: Comparison and crit-
ical evaluation between EU and Egyptian structure. Everyone and every country
contribute to today´s challenges and the achievement of the 2030 Agenda. For
example, “the way we produce and consume food is causing major environmental
and human health issues. Transforming the agri-food system has become a priority
for achieving Sustainable Development Goals. Food must be produced, distributed,
consumed and disposed of in ways that optimize resource use, minimize green-
house gas emissions, avoid chemicals that harm ecosystems or human health, and
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stop further loss of biodiversity”, states the United Nations Environment Programme
[27]. Agricultural transformation is believed to be vital for achieving a sustainable
future and being able to contribute to the achievement of several SDGs [28]. Agri-
culture uses a lot of land—37% of the total land area are being used for agriculture
worldwide [29]. 70% of all freshwater withdrawals go to agriculture for irrigation
[28] and many more resources are involved. Thus, it is certainly true, that agriculture
can cause damages and induce negative impacts. On the other hand, however, agri-
culture produces what we all need for living: food. It employed 27% of the world’s
population in 2016 [29] and is thus the main source of income for a lot of people
worldwide. In the European Union (EU), 39% of the total land area were being used
for agriculture in 2016, yet only 4.2% of the population worked in the agricultural
sector at the same time [30]. In 2017, agriculture contributed to just 1.7% of the gross
domestic product (GDP) [30]. In Egypt, however, agriculture is the largest employer
providing income-generating activities to more than 30% of the workforce [31]. The
agricultural sector plays a central role in the Egyptian economy as it accounts for
14.5% of the GDP [31]. At the same time, the estimated land under agricultural use
consists of only about 2.5% of the country’s total area (24,960 km2 of 1 million km2)
[32].

3 Conclusions

Throughout the course of the present book project, several conclusions drawn from
this book were reached by the editorial teams. In addition to methodological ideas,
the chapter draws important lessons from the book cases, in specific the agro-
environmental sustainability covered themes. This book provides the present chal-
lenges faced by the agro-environmental sustainability in MENA Regions. In order to
improve the sustainable environment in MENA Regions, these findings are crucial.
Based on thematerials described in all chapters of this volume, the following findings
could be indicated:

1. The expected impacts of climate change on the water resources in Egypt are
related to rainfall patterns over the Nile Basin and evaporation rates over
open water bodies. Therefore, some of the available climate change impact
studies for the Nile River Basin and Egypt were reviewed in this article to
provide helpful literature for future climate change studies in Egypt. There is
a consensus among the regional climate projections performed in the litera-
ture indicating a general increase in precipitation during the main rainy season
(JJAS) in the Ethiopian Plateau, where both the Blue Nile and the Atbara River
have their sources (the main freshwater source in Egypt). For other seasons, no
significant model agreement was found. For the Nile Equatorial Lakes region,
however, most of the models indicate a significant drying during the summer
and a general increase in precipitation during the winter. Furthermore, most of
the studies concluded that the uncertainties in predicting the impact of climate
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change on Nile flows are very high, which complicate the proposed plans of
water resources in basin countries.

2. The applications of wastewater treatment by biofilm technologies were
successful in improving wastewater treatment efficiency in the MENA region.
In the two previous pilot projects in Jordan and in Tunis, the treated wastew-
ater was usable for irrigation after disinfection or discharging to the appointed
recipient according to the local wastewater disposal standards. The generated
excess sludge in the two above pilot projects was exposed for drying in sludge
drying bed for composting and sludge reduces from the wastewater treatment
stages, and also the sludge as an end product. This is after ensuring that it
meets the local reuse standard which can be reused safely in agriculture or for
any other sludge disposal purposes.

3. Water has particular importance in the agricultural sector, particularly in arid
and semi-arid regions, but water resources are increasingly scarce. Having
reached a high level of mobilization of these hydraulic resources, Tunisia is
now confronted with the imperative to better manage and valorize them. The
study of the olive water needs allowed more efficient management of the water
supplies and saving in irrigation water and this by an estimation of the needs in
water by using more precise methods integrating the maximum of parameters
from the Soil–Plant-Atmosphere continuum. Each of these methods is based
on a set of climatic, edaphic and/or physiological parameters of the olive tree.
The study of the water requirements of the olive tree in a semi-arid region has
allowed us to manage water supplies more efficiently and save on irrigation
water using the climatic method and/or the physiological method. The evalu-
ation of the different irrigation doses applied according to the climatic (T2 =
60% ET0) and physiological (T1= 100% sap flow) methods and in relation to
the transpiration of the trees measured by the sap flow method, allows to note
that the higher the irrigation dose is, the highest is loses by transpiration.

4. Some of our recent results in the context of the stochastic hydrological
processes modeling and prediction in case of time-varying linear systems
are presented. It concerns water resources in the northern part of Algeria,
where discrete Kalman Filter technique has been applied to the modeling and
prediction of Stream flows and rainfalls in a number of sites simultaneously
(multi-site) for each of the monthly and annual scales. The developed opera-
tors have the particularity of automatic self-adapting as soon as a newmeasure
becomes available. This is an advantage of the KF algorithm recursive char-
acter that can be used in real-time predictions. As a result, optimal stream
flow and rainfall predictions are obtained considering time variations of the
underlying hydrological generating processes, as well as their stochastic char-
acter. The obtained predictions can be appreciated from a temporal point of
view, where observations and predictions in a single site are obtained during
a period of time, but can also be the extent to any further step where obser-
vation is available. These predictions can also be appreciated from a spatial
point of view, where observations and predictions in all considered sites are
obtained during a period of time, but can also be the extent to any other site
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where observation is available. One of the most important advantages of the
developed operators is to provide the error prediction covariance matrix with
certainty at each calculation step. This is of great interest because it constitutes
a measure of the prediction accuracy at each step calculation. The accuracy
of the predictions, consequently the suitability of the operators, has also been
checked by the prediction relative error in percent whose overall average value
is less than 10% which is highly acceptable. Another advantage of the devel-
oped operators is that the algorithm may be initiated with very little objective
information and the prediction is obtained in the time-domain. This is of great
interest because it offers a real time forecasting possibility. The developed
operators are interesting because they can help policy and decision-makers
in water resources in Algeria acting efficiently for a better management and
sustainable development of such resources in the country.

5. There is a clear need for agricultural extension services to support the education
and awareness of breeders. In the Archipelago, a dominance of ovine breeding
(73%) based on an aboveground farming system is noted. The majority of the
breeders use the hay, the concentrated, and the agropastoral food as basic ration
completes what establishes a constraint. Furthermore, the analysis of the ovine
reproduction system shows that 94% of the breeders do not practice mating
against the season, which explains the lack of knowledge of the breeding
conduct. Also, more than half of the sheep and goat breeders do not apply the
techniques of flushing, destemming and of creep-feeding.

6. Land degradation is threatening the livelihoods of some Two billion people
living in the world’s drylands. Remote sensing data and Geographic infor-
mation systems provide essential base information for integrated, region- or
problem-specific approaches combining satellite data products with specific
GIS interpretation and modeling approaches for land degradation assessment.
There are many products of remote sensing data with different spatial and
temporal scales. These products are very useful for deriving spectral indices
that contribute in land degradation assessment. Also, the geographic infor-
mation system (GIS) is a database management system that deals primarily
with spatial and temporal data and gives the ability to model land degrada-
tion derivatives and processes. Some land degradation assessment frameworks
were developed under the umbrella of remote sensing and GIS. Those land
degradation assessment frameworks are more accurate especially in the way
of determining the land degradation indicators and derivatives, and also in
the monitoring of the processes of land degradation and how they are changed
spatially and temporally. This chapter focused very briefly on the role of remote
sensing and geographic information system in the assessment of land degra-
dation, with some attention to the research of assessing land degradation in
Egypt using remote sensing and GIS.

7. Precision farming or precision agriculture or site-specific land management
is relatively a new farming technology for increase soil and crop production.
However, precision farming technology includes remote sensing, GIS, DGPS,
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yield map, variable rate application, soil sampling, and site-specific manage-
ment zones. The main aim of precision farming include a good understanding
of soil and crop variability within-field and follow up by farm management
inputs depending on the main source of the variability. In the last two decades,
precision farming technology has been more and more developed, including
mechanization and automation. Site-specific management has been an impor-
tant sector of the agricultural system of the developed countries, but the imple-
mentation of this high technique of precision farming to farm through the
farmers in developing countries is still very slow and needs a lot of extension
efforts and farmer motivation. Due to most farmers do not know new informa-
tion technologies, e.g. remote sensing, GIS, and GPS. The government should
be made to increase investments to educate farmers for the application of new
methods and technologies in agriculture. The size of the agricultural land is
another problem for adopted precision farming technology in some countries
like Egypt. Egyptian farmers and experts should use the PF experiences that
have been used by developed countries such as USA, Germany, and Japan.

8. Today’s context, triplymarked by economic globalization, socio-technological
changes and ideological and political uncertainties, poses new challenges for
developing countries. Local governance consists of a set of institutions and
mechanisms. Processes that allow citizens and citizens’ groups to express
their interests and needs, to settle their differences and to exercise their rights
and obligations at the local level. Today, we talk about the attractiveness and
competitiveness of territories, territorial anchoring of companies, industrial
districts, territorial projects, etc. However, the question is no longer simply to
initiate local projects but to ensure those synergies are created between the
actors and accelerate the local dynamics observed in territories that remain to
be built. What is the real contribution of these projects to problem-solving at
the local, regional and national levels? How to act effectively and accelerate
the dynamics of growth and development? In other words, how to move from
localized action to a territorial approach to development problems? These are
the questions facing Morocco today regarding local development.

9. The coasts of the Sahelian Tunisian region have undergone spectacular trans-
formations throughout the decades that followed the independence of the
country. Indeed, from an open green space, they have become the capital of
tourist and resort urbanization. These transformations have not been without
consequences including social, landscape and environmental. The installation
of this urbanization has led to an artificialization of the coast; a barrier seems to
have been erected between the coast and the hinterland. This barrier, formed
by a narrow cordon of urbanization, has relegated coastal agriculture to the
hinterland and has also given rise to a form of social segregation since most
of the coastal territory has been invested by the tourist sector which privatizes
the beaches. All these transformations have not been without environmental
consequences. The precarious balance of this portion of the territory has been
weakened by the large consumption of space of tourist and resort urbaniza-
tion and by the acceleration of coastal erosion, mainly due to: the location of



446 M. Abu-hashim et al.

the urbanization in front of the sea, the destruction of the coastal dune, the
degradation of spontaneous plantations by the discharge of swimming-pool
water, etc. However, until the end of the 1970s, coastal and traditional agricul-
ture occupied most of this territory and, in addition to its social and landscape
functions provided an environmental balance for this fragile area. The urban-
ization of the coastlines and its social, landscape and environmental impacts
are a phenomenon that affects the majority of countries in the Middle East and
North Africa and, in particular. Morocco where coastal farmland is giving way
to tourist urbanization.

10. The Arab Maghreb countries (Morocco, Algeria and Tunisia) are among the
growing countries whose economy is based on natural resources, agriculture
and industry. Agriculture is practiced in a traditional and modern way, with
large areas, irrigated and non-irrigated, which have absorbed a lot of work to
ensure the availability of food. Since the independence of these countries have
changed the policies, plans and programs for the recovery of this sector, but
so far have not achieved the desired objectives, which are demonstrated by the
large volume of the bill of the importation of basic foodstuffs. The geographical
situation of the ArabMaghreb countries in the South of theMediterranean sea,
which is characterized by a semi and arid climate, lack rainfall generally, in
addition to the random and excess use of water in the agricultural system, and
even in drinking make these countries exposed to water shortage crises several
times in their history, and this has had a negative impact on their environment
in general: on soil structure, on vegetable biodiversity, and even on climate
change; and these changes have also had a negative impact on the agro-socio-
economic system. The impact studies available in these countries, though rare,
have been shown to be intensive agriculture using many chemicals (fertilizers
and pesticides) plus the human factor (unskilled) leads to soil pollution, water
and air, as well as human exposure to health problems. Sustainable agricultural
production and conservation of the environment is a dream for these countries
comes after the dream of food insurance for lack of qualified human potential
and material possibilities.

11. It can be concluded that the mineral fertilizer was partially replaced by the
treatment of 50% of mineral in interaction with 50% of compost gave the
highest values of the dry weight of whole plant (g), the dry weight of shoot
(g), absolute growth rate (mg day−1), and unit shoot rate (mg mg−1 day−1) in
the first season. Also, the treatment of 50% of mineral in interaction with 50%
of compost attained a maximum value of absolute growth rate (mg day−1) and
unit shoot rate (mg mg−1 day−1) in the second season and in both seasons.
Treatment of 100% of bioformulations recorded the highest value of the dry
weight ratio of shoot/root in the first season and in both seasons. Treatment
of 100% of bioformulations in combination with 50% of mineral achieved
a maximum value of total chlorophyll content (%) in the first season and in
both seasons. Treatment of 100% of bioformulations combined with 33% of
compost and 33% of mineral gave a maximum value of the dry weight of root
(g) in the first season and in both seasons.
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12. As a result of the factors mentioned above, there was a significant effect by
the combination of K-feldspar at different diameters and vermicomposting
with SDB on yield, NPK-Si-uptake of wheat plants, available potassium and
silicon in the soil. The application of K-feldspare > 45 µm combined with Ver
in the presence of SDB gave the highest values of straw and grains yield of
plants, the weight of 1000 grain, biological yield, protein content, NPK and
Si-uptake, available K and Si in the soil. The available potassium and silicon
were remarkably increased after 75 days at all treatments by application of
various diameters of K-feldspar at different diameters and vermicomposting
with SDB.

13. Shalatin—AbouRamad—Halaib Triangle Region (SAHTR) has vital and
strategic importance to Egypt. It is characterized by broad biodiversity of
both plant and animal resources. Livestock production on the native ranges
of Shalatain—AbouRamad—Halaib Triangle Region. Red Sea Governorate
is facing several major constraints mainly: drought, feed and water shortage,
diseases, and environmental stresses.

14. The use of tree or shrub species that are capable of developing under conditions
of extreme aridity and absolutemarginality of soils represent a significant solu-
tion to the problem of desertification in the Mediterranean basin. Among these
species,Opuntiaficus-indica is a potential candidate in rehabilitation programs
besides to its food and forage properties. Our findings showed that after the
establishment ofOpuntiaficus-indica in arid and semi-arid steppes. There is an
improvement in the environment, particularly in soil organic matter due to the
accumulation of litter and vegetation cover. These plantations act as a refuge
to plants or resource-plant for the sequestration of seeds that cannot be estab-
lished elsewhere, and thus creating a favorable microhabitat. In addition, this
species ismycotrophic (mycorrhizal colonization > 80%) that can contribute to
the improvement of soil quality. All of these statements require certainly more
elaborative and exhaustive studies to reinforce the inferences and conclusions:
such as soil study at the foot of the shrub instead of interspacing or investi-
gating soil enzymes that are considered as consistent indicators of any change
in soil condition. The expansion of PPP is emerging as a promising strategy
for raising resource dynamics and restoring vegetation in arid and semi-arid
environments. The evaluation of the rehabilitation actions can be developed
for producing aided decision tools for programs of combating desertification.
Long-term rehabilitation with this allochtone species is possible because this
cactus is a long-term soil stabilizer and without ecological requirements.

15. The soils of the Tadjmout perimeter belong to the arid zone. The analyt-
ical results show that these soils are at alkaline pH Cation exchange capacity
(CEC) relatively average, which does not exceed 15 Cmol/kg; Low to medium
and sometimes high salinity (EC); Exchangeable phosphorus: the values are
between 26.62 and 34.87 ppm. This high content of exchangeable phosphorus
could be due to phosphate fertilizers. Exchangeable potassium has average to
low values. These soils require fertilization to improve their chemical fertility.
The thematic maps allow us to manage a fertilization plan to improve the
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chemical fertility of these soils, in order to increase agricultural production.
It is imperative for the agricultural exploitation of arid soils in the context
of sustainable development, further research based on experimentation and
monitoring over a long period.

16. The main areas of rangelands are distributed over the Northwest Coast region,
the Sinai Peninsula and theHalayeb-Shalateen region in the southeast corner of
Egypt bordering theRed Sea. The increase of the number of palatable perennial
forage species indicates that the pasture condition in the study area is generally
good. Also, the vegetation potential has not been destroyed, and that there are
some chances of improvement and development. The studied species can be
ranked depending on its palatability and the percentage ofDCP, TDNandwater
content as follows:Alhagigraecorum. Asphodelusramosus,Panicum turgidum,
Lyciumshawii, new sprouts ofPharagmitisaustralis,Gymnocarpusdecander,
fruits of Acacia tortilis, and new sprouts ofJuncusrigidus. The productivity of
Alhagigraecorum, Pharagmitisaustralis, and Juncusrigidus is high and these
plants cover a wide area in the Egyptian Oases.These species vary in their
chemical composition that may meet the requirements of the grazing animals.
Most of the palatable shrubs had a low value of density due to these species
subjected to heavy grazing. The grazing and burning had a negative effect on
Pharagmitisaustralisparticularly on productivity and palatability. The burning
improves the palatability of Juncusrigidus. Most of carrying capacity of the
eight range plants are reported are high.

17. Humanity is forced to adopt the concepts and requirements of sustainable
development to handle the fragility of ecological equilibrium and the degra-
dation of the environment as a result of the imperatives of socio-economic
development. One of the pillars of this requirement is to continuously monitor
the state of the environment through an operational information system that
can assess and support the actions and policies of society towards the envi-
ronment. The implementation of such systems encounters difficulties in devel-
oping countries due mainly to problems of availability and scarcity of data.
This study provides an overview of the different issues concerning this topic
and presents a list of suggestions to overcome these obstacles.

18. Throughout this article, we have shown that the interest of the agricultural
landscapes of the Sahel of Bizerte is not limited to the fact that they offer a
remarkable aesthetic beauty.We have also been able to show that the key to the
preservation of an agro-biodiversity an overall meaning and present a valuable
cultural heritage, but they also provide multiple sustainable solutions related
to work, to food and the well-being of farmers. Although in most countries of
the world, modernity has been characterized by a process of cultural homog-
enization and economic, in many rural areas, specific cultural groups are still
associated with a geographical context and society in which there are special
forms of agriculture. Dynamic conservation of these sites and their cultural
identity may be the starting point for territorial development and social and
cultural renewal.
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19. For post-mining site remediation, the finding and application of environmental
quality targets is feasible and can bemodeled after projects like “Saumon2020”
or its predecessor “Saumon2000”.Redevelop the current nature reserve around
the Djebel Ressas mountain top into an area in whichMacacasylvanusis to be
resettled into a habitat suitable for that species. That can be implemented
if the growing cement works still allow such a measure. For Phytoextraction,
Phytostabilization of the affected soil by adapted plants, Alfalfa could be used.
However, as the Barbary macaque needs trees such as in “high cedar forests
(Cedrusatlantica), cedar/holm oak (Quercus ilex) mixtures, pure holm oak
forests and cliffs and gorges dominated by scrub vegetation.”, the fauna must
be adopted: The dietary habits of the ape species need to be considered: “Its diet
is primarily composed of cedar (Cedrusatlantica) and the oak (Quercus sp.),
which make up over 50% of its total intake. It eats fruits (33% of its intake),
tree leaves (16%), and other plant parts (24%).” The local population should
be fenced, in a natural way by trees and bushes, from the mining deposits’
flue dusts so that the exposure to heavy metals via inhalation and ingestion
is closer to international WHO levels than under the current conditions. Also,
under a site remediation scheme, jobs in local projects can be created to ensure
high acceptance levels among the inhabitants of Djebel Ressas village and the
surrounding area.

20. In Tunisia and in the largest Tunisian cities, green spaces were born with the
extension of the European city outside the medinas where this notion is totally
illusory. Tunisia has also become, over the years, an attractive tourist desti-
nation, since then, the public authorities have tried to promote the creation of
green spaces by multiplying the national programs of the creation of urban
parks (PNPU), development of city entrances, creating boulevards of the envi-
ronment in all Tunisian cities. The creation of green spaces in urbanized
areas has become a recurring message in messages conveying an environ-
mental policy, especially after adhering to the precepts of “sustainable devel-
opment”. Green spaces have been rationalized as urban equipment as well as
cultural, sports or health facilities. They have been standardized in the form
of m2 per capita (the public authorities have set a minimum of 10 m2 green
space/inhabitant). This minimum standard was required for any new develop-
ment project. Tunisian green policy should be more in the direction of a green
infrastructure aimed at restoring connections between existing natural spaces
and improving the ecological quality of the environment as a whole. For this,
it may include several natural components (protected areas, wetlands, forests,
etc.) as well as multifunctional areas in which priority is given to land uses that
maintain or restore healthy and diverse ecosystems rather than other harmful
activities. This could support the construction of “villedurable” while taking
into account the preservation of biodiversity in current urban planning.

21. Several main results arose on the basis of an assessment of the present research.
The issue of the effect of heat and humidity on human well-being in Aswan
Governorate in general, as reflected in this study, is still considered new to the
EgyptianGeographicLibrary. The importance of the topic of humanwell-being
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in Aswan governorate, where there are climatic differences effects on human
well-being. The development of meteorology in Aswan governorate and the
availability of modern climate data for different climate elements throughout
the year, thus enabling the use and adaptation of such data to serve geographical
research.

22. This study reviews the 2030 Agenda as a blueprint for water and ecosystem
services in the context of agriculture. For both Egypt and the EU, implemen-
tation of this international consensus could lead to improved water handling
and agricultural practices. Reviewing already existing legislation or ensuring
its implementation can also be regarded as an important approach. Our results
show that the 2030 Agenda with its ambitious targets has been adopted and
to some extent, already passed into law by the EU member states and Egypt.
However, these laws and decrees have to be adequately enforced for some of
the targets to be achieved by the EU member states and Egypt. Results also
show that there are still gaps to close, especially in areas where no new legisla-
tion has been introduced in the last two decades. Today, the whole world is in
the same boat when it comes to the sustainable development pathway—with or
without the 2030 Agenda. To put it simple: The UN member states committed
to the SDGs and to providing voluntary reports about their progress. Thus,
a development towards the achievement of the 2030 Agenda’s targets should
only be a question of time—and time is of the essence.

23. The Hergla site, through its landscape and local cultural, is quite potential
for tourism development. Faced with the disengagement of the State and the
weakness of local actors, the rise of private actors can lead to tourism develop-
ment not in compliance with the principles of sustainable development. This
observation inspires us to work more on governance and new perspectives of
tourism planning, in Tunisia in general.

4 Recommendations

The capacity to adapt to future problems is a main element of agro-environmental
sustainability in MENA Regions. We contend that to accomplish this objective,
agro-environmental sustainability needs integrated flexibility. The editorial teams
observed certain aspects that could be explored for further enhancement throughout
the course of this book project. Based on the results and conclusions of the contrib-
utors, this chapter provides a number of recommendations that provide suggestions
for future scientists to exceed the limited scope of the book to the future unlimited
space of the topic.

1. The following are suggestions for possible future researches related to climate
change impacts on water resources in Egypt: Evaluating the updated IPCC
[33] climate change scenarios to have a comprehensive assessment of climate
change impacts on different hydrometeorological processes (e.g., evapotran-
spiration and precipitation) in Egypt, updating Regional Climate Models
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capable of predicting the impact of climate change on the local (Egypt) and
regional (Nile Basin) water resources and studying the basic characteristics of
stream networks that contribute to flash floods by using advanced tools (e.g.,
GIS and remote sensing). Investigating the impact of change in both land use
and climate on hydrological processes and water resources and conducting
comprehensive research on the joint impact of climate change and new water
projects on the water resources of the Blue Nile and assessing climate change
impacts on food security, energy, and water resources.

2. Biofilm system applications normally faced a several operations problem in
the region. Some recommendations have to be taken into consideration. Fats,
oils, Solids and Suspended solids, and greases must be removed or minimized
in the influent by very good pre-treatment efficiency to protect the biofilm and
its specific surface area. This leads to an increase pf the Biofilm treatment
efficiency. If there is a high concentration of BOD5 and TSS in inflow, then
some pre-treatment may be required to reduce it. Researches demonstrate that
biofilm technologies should be designed based on surface area loading rate (g
COD/m2d), and the Media material and type play an important role in such
treatment process. For tricking filter: Pressure distribution should be required
for the design option in order to strive for equal distribution of effluent at the
design organic loading rate and also to keep the attached biofilm wet. Some
methods of effluent quality monitoring may be necessary. An intermediate
clarifier tank is useful to build between treatment stages to draw out the sludge
produced and to keep the attached bacteria working in its full capacity; this
will increase the treatment efficiency.

3. Deficit irrigation strategies, applying climatic or physiological methods, allow
better water use efficiency for olive orchards without affecting yield or fruit
and oil quality. The physiological method (T1), equivalent to 32% of the ET0,
allowed us a saving inwater of the order of 50% in comparisonwith the climatic
method. So the physiological method allows for more efficient management
of water resources. To apply the physiological method in different bioclimatic
stages, the use of transpiration modelingin relation to climatic parameters is
necessary to meet the needs of the economy and the management of water
supplies.

4. Precision farming systems canbe implemented in developing countries through
collect information about soil and crop using new information technology.
Collecting data on the spatial variation in soil and crop features requires
accurate position determination in the field, using GPS. Differential action.
In response to spatial variability, farming operations, such as sowing rate,
fertilizer, pesticide and lime application, tillage and water use, can be varied
in real-time across a field. Variation in treatment corresponds to the mapped
variation in the field attributes measured using remote sensing technology,
GPS and GIS. Soil and crop monitoring. Soil and crop attributes are moni-
tored on a finite scale. When observations are targeted with GPS, and remote
sensing they provide data on the spatial variability of the attributes within a
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field. Values for soil and crop attributes are predicted for unsampled loca-
tions across a field using GIS. This enables a detailed representation of the
spatial variability within an entire field through the creation of a smoothed
map. Knowledge about the effects of field variability on crop growth—and the
suitable agronomic responses—can then be combined to formulate differential
treatment strategies (http://www.fao.org/3/a0869t/a0869t04.pdf).

5. We recommend decision-makers to use the agrarian diagnosis method merged
to new agronomic technologies for planning a future strategic plan. [10] Has
proposed the introduction of this technology to improve the quality produc-
tion, with the concern to save water in irrigable areas and to cultivate vari-
eties adapted to the weakness and the irregularity of the pluviometry in rain-
fed areas, using energy-saving techniques energy and inputs from oil. The
recommendation can be applied to different MENA agrarian systems.

6. First, the “urban and landscape soils” will recognize the quality of “urban and
landscape terroir” in the periurban areas inwhich, the communes, departments,
regions, and the state wish to carry out voluntary, concerted and contractual
action. This labelwould be concretized by: the signing of a charter applicable to
a territory; the definition of social, urban and agricultural objectives to respect
to manage the space and requalify it when it is degraded; the mobilization
of cross-financing State-local authorities. Second, develop the land policies
of local authorities by: Including an agricultural and landscaping component
in city contracts in order to treat peri-urban space as a heritage and dynamic
component of the city; Reconsidering the question of property assessments,
in particular, to enable municipalities to purchase land if they so wish and
facilitate the maintenance of agriculture; Third, create regional environmental
public institutions: These agencies would ensure the protection of peri-urban
green and agricultural areas under; Allocate them a share of the proceeds of
the departmental tax of sensitive natural areas.

7. The tourist development of the Tunisian Sahel region has, of course, had major
repercussions on the economy of the region, which has become one of the
most important Tunisian tourist polities, but this has not been without conse-
quences both socially and environmentally. Moreover, today, tourist demand
has evolved towards other centers of interest. Similarly, newconcepts applied to
the tourism industry have promoted its sustainability through the development
of a “Sustainable Tourism” based on the respect, preservation and development
of environmental aspects economic and sociocultural countries. Tunisian, in
general, and Sahelian tourism, in particular, must set out new directions for its
development. It is, therefore a question of stopping the increasing densifica-
tion of the tourist zones and of easing the pressure which is exerted on several
sites, including, in particular, the natural and agricultural sites of the Sahelian
littoral. These should be protected and introduced as an integral part of a new
tourism offer, based on the multifunctionality of agriculture and in accordance
with the rules of sustainable development. The Tunisian Sahel is also the site of
traditional coastal agriculture. The latter could play an important role, within
the framework of this new tourist offer, on the one hand: its singularity, the

http://www.fao.org/3/a0869t/a0869t04.pdf
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quality of its products, its contribution in the fight against the erosion of the
beaches, its maintenance as an open space to inside the coastal urbanization,
etc. …

8. Water is a natural resource; where there is there is a life, balance and sustain-
ability. It is important to these Maghreb countries to study how to exploit this
dear gold to their life, eventually for their food security: Storage of rainwater
in dams and distribute tightly in agriculture and drinking. Establish strict laws
prohibiting water loss. It is best to irrigate cultures by drip system. Cultivate
varieties in appropriate places according to their environmental needs (soil,
water and temperature). Uses desalinate water of the sea or the ocean. It is
necessary to fertilize the poor soil, and to control plant diseases with bioprod-
ucts to avoid negative impacts of chemical products. Climate change, always
followed by special attention to the soil and the cultivation of plant varieties
adapted to the new climate. Most important for preserving safety agricul-
ture without impact on the environment; It is the human factor that practices
agriculture; it needs to be structured to understand what it is for sustainable
agriculture.Aswell as coordination between all actors in the agricultural sector.

9. The recent major problem facing the farmers is the high coast of chemical
fertilizers. The alternative depending on expensively imported fertilizers is to
exploit indigenous resources such as K-bearing minerals. Making use of such
minerals is meaningful in increasing crop yield and protecting the ecological
environment. Themain source ofK and silicon for plants growing under natural
conditions comes from the weathering of K minerals and organic K-sources
such as composts and plant residues. The application ofK-feldspare at different
diameters combined with vermicomposting at the rate of 2% (20 Mg ha−1) in
the presence of silicate dissolving bacteria increases yield, nutrient uptake of
wheat plants and available nutrients in sandy soils. Finally, From an economic
point of view, this approach of using the naturally deposited materials (K-
feldspar) instead of chemical fertilizers or combination together or mixed with
vermicomposting will be very beneficial for the farmers who subsidize the
costs of chemical fertilizers (potassium sulphate).

10. All efforts should be directed towards setting up a sustainable national
strategy to improve both rangelands and livestock production which has the
following tasks: Optimum utilization of the available local feed and drinking
water resources—applying proper approaches for native range management
and conservation. Development of watering points combined with proper
control of grazing. Utilizing the available non-conventional feed resources effi-
ciently. Genetically constitution improvement, particularly through the selec-
tion. An effective program for the improvement of feeding, disease control, and
management should precede any attempt at genetic improvement. They were
providing proper assistance and advice to local Bedouins or investors to best
utilize available resources, strengthening the cooperation between scientists,
specialists, policymakers and Bedouins.

11. The experiences of the countries with PPP are quite developed. PPP show its
importance in the valorization of degraded soils, in the use of cladodes as fodder
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for animals, and in human consumption (fruits and extraction of essential oils).
It would be wise to develop this culture for agricultural and rural renewal in
the arid and semi-arid zones: (i) to develop the agroforestry approach and
associate the cultivation of Opuntia spp. with the suitable crops in particular
olive, pistachio and legume trees, (ii) initiate research projects on improving
planting techniques to improve yields (study the effect of interline spacing,
planting in pots or inline), (iii) sensitize rural populations on the different
uses and ecological functions and services of this crop such soil protection,
agricultural, industrial, cosmetic, culinary uses, and (iv) develop the role of
rural women by integrating them into all income-generating activities.

12. The mapped soils require phospho-potassium and nitrogen fertilizer mainte-
nance to improve their chemical fertility. Before the planting of each crop, the
analysis of nitrogen and phosphorus in the soil is necessary in order to avoid
pollution of groundwater.

13. Using the reported species as forage resources particularly in the dry season.
Complete protection for at least five consecutive years in some sites of the
communities of A. ramosus and L. shawiito increase their regeneration and
productivity. It would perhaps be advisable to reseed, or established as mother
plants the endangered high palatable species e.g. L. shawii, Gymnocarposde-
canderespecially in the soil deep enough and soil moisture content is high.
It would be useful to utilizating high techniques of water harvesting in the
growing area of the reported species for cultivation of these species and to
promote the seedling and propagation of these plants. Using the palatable
halophytic species e.g. Alhagigraecorum and Panicum turgidum in the reha-
bilitation of the salt affected lands and increase their productivity. They were
promoting the fire technique in the habitat of J. rigidus to manage these grasses
for forage. Improve the acceptability of the medium and low palatable species
for animal through mix these species with the other acceptable species.

14. To implement a successful and useful environmental information system, the
authors recommend taking into consideration all the elements of the guideline
presented in this study. They highlight the need to pay special attention to the
problem of lack or scarcity of data. For that, they also recommend studying
and analyzing the new opportunities offered by remote sensing techniques and
big data technologies.

15. In order to increase the efficiency of GHs, other systems are integrated with
the GH, such as desalination, solar power generation and heating systems. In
these systems, the extrasolar radiation is used to generate electricity via PVs
or to produce water via desalination systems. Also, an Aquifer Coupled Cavity
Flow Heat Exchanger System (ACCFHES) is integrated with the GH for its
cooling and heating.

16. It is essential today to involve the local community in local government. With
the new direction taken by the Tunisian government in 2018, promoting decen-
tralization, it is necessary to involve the population for a participatory approach.
The local government to support by the participation of the population can
prove the solution for the future and the safeguarding of the agricultural lands
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of Ghar El Melh. A site remediation project around Djebel Ressas village
should ideally satisfy all three aspects of sustainable development as defined
by the Rio AGENDA 21: economic factors, social factors, and environmental
factor.

17. For future vision, tourist countries, including Egypt, need to develop a new
model of tourism that should also be based on so-called alternative tourism.
Alternative tourism is a generic concept encompassing various forms of
tourism, such as cultural tourism, Ecotourism, agro-tourism, rural tourism,
agritourism, and green tourism. Identify the climatic characteristics of the air
temperature and relative humidity elements in Aswan in great detail and depth
because the relative humidity element did not receive a detailed independent
study. The need to select and apply some of the global climate equations,
models, and curves to Aswan governorate that have not been applied before
in the physiological climate studies on Aswan to modeling and classification.
Identify the boundaries of the physiological balance and comfort of the human
body in Aswan throughout the year.

18. Themanagement of a sustainable tourism offer in a fragile territory such as that
ofHergla cannot be donewithout good coordination between actors concerned.
For that very reason we are proposing the achievement of the regional pattern
of development of tourism integrating of all these actors.
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