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About the conference 

Water and water-related services are major components of the human wellbeing, and as such are major 
factors of socioeconomic development; yet freshwater systems in(Southern) Europe and Near-East and 
Northern Africa are under threat by a variety of stressors (climate change, extreme events, oxygen depletion 
in higher temperatures, organic and inorganic pollution, seawater intrusion in coastal aquifers, 
geomorphological alterations, land cover change, water abstraction, invasive species and pathogens). 

Water scarcity, resulting from negative climatic water balance, water demand exceeding available 
resources, or deteriorating water quality, threatens ecosystem health and also impacts citizens and 
economic sectors depending on water, such as agriculture, tourism, industry, energy and transport. It 
already a_ects a substantial fraction of the EU territory and is present in most of the Mediterranean 
countries, with clear indication that the persistent problems will be exacerbated by climate change and 
growing demographic and socioeconomic pressure. This will ultimately result in the most striking challenge: 
the pursuit of food and water security for sustainable social and economic development under an 
unprecedented escalation of water scarcity. 

In this light, sustainable development in river basins requires water-smart societies, which are drastically 
reducing the impact on natural water resources by pushing innovation in water efficiency and foster the 
complementary use of unconventional water resources to enable a circular economy in the water sector. 

The conference aims at bringing together scientists and practitioners in the water sector to inform, exchange 
and raise awareness about latest knowledge and innovation in areas most affected by water scarcity. It will 
also highlight European and national Southern Mediterranean strategies on water, and will elaborate on the 
potential of water reuse from municipal wastewater treatment, the use of brackish water, seawater 
desalination, water efficiency and reuse in agriculture and will discuss decentralized solutions for 
sustainable development. 
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Keynote speeches 

The dynamic of Water Security and Sustainable Growth  

Ait Kadi Mohamed 

President of the General Council of Agricultural Development, Morocco 

Abstract 

Today, the challenge of water security is global and growing. Achieving and sustaining water security, in 
both developed and developing countries, is likely to increase in complexity and priority – not only as climate 
change intensifies, but also as the demands of economic growth increase. There is a dual relationship 
between water resources and economic growth. On the one hand, water can stall and reverse economic 
growth through the destructive power of floods, droughts and pollution; on the other hand it can drive 
production and economic growth across key sectors, including agriculture, energy, industry and transport. 
Water security is now a widely accepted concept that encompasses this dual relationship between water 
and economic growth. Thus, investment in water security is not only a matter of protecting society from 
specific water related risks; it is an investment that supports economic growth and social well-being. Both 
empirical and theoretical analyses demonstrate the importance of investment in water security for 
development-and the importance of development for investment in water security. It is emphasized, in this 
presentation, that there is no single pathway for sequencing portfolios of investment in institutions and 
infrastructure to improve water security. Major shifts in conceptual approaches to water and sustainable 
development are called for, shifts that have a high degree of flexibility in order to embrace the unique 
economic, social and environmental circumstances that will determine a nation’s pathway towards water 
security and prosperity. 

 

Coping with Water Scarcity in the Arab Region 

Abdel-Dayem M. S.  

Professor Emeritus ; National Water Research Center - Cairo, Egypt 

Abstract 

Water scarcity in the Arab Region is one of the major challenges expected to grow with time due to number 
of factors including population growth, food insecurity, disputable shared water resources, and climate 
change. About 40% of the Arab population are already living in conditions of absolute water scarcity. During 
the period 2005 to 2015, annual per capita freshwater availability in the region dropped by about 20%,from 
about 990 to 800 m3.It is even far less in some countries. Half of total renewable water resources in the 
Arab region originates from outside its borders in the absence of legal agreements to organize water 
sharing. Over exploitation and pollution of water resources are reasons for low water quantity and quality 
as well as ecosystem degradation. Long-term climate change effects worsen the situation created by 
chronic water scarcity. By 2030, the effects of climate change are expected to reduce renewable water 
resources by another 20 % through declining precipitation, rising temperature, sea level rise and expanding 
seawater intrusion into coastal aquifers. The majority of water resources in the region is being used for 
agriculture (84%), while the municipal and the industrial sectors consume about 9%and 7% of the total 
water use respectively. In the past 10 years, a clear trend of sectoral water competition is observed and the 
region's overall sectoral water utilization has been shifting from the agricultural towards municipal and 
industrial sectors. Water Scarcity imposes natural limits on domestic food production causing locally 
produced food to decline and food imports to increase. Reliance on imports exposes Arab countries to the 
instability of international food prices. The energy, water and food nexus in the region needs to give way to 
reduce spill-over effects or externalities and trade-offs and build synergies across sectors. The Water 
Security Strategy launched by the League of Arab States (LAS) in 2013 marked the first regional 
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collaborative effort to deal with the alarming water scarcity conditions in the region with its multiple causes 
and effects. Since then, several programs and projects for conserving water resources, improving water 
use efficiency, adopting integrated water resources management (IWRM), adaptation to climate change, 
developing non-conventional water resources, enhancing knowledge bases, promoting water-food-energy 
nexus were proposed and found their way for funding and implementation. This paper will briefly review 
actions taken by LAS, other regional organizations and the national governments towards achieving water 
security in the region. Experience showed that regional cooperation offers an excellent opportunity for 
sharing knowledge, information, and best practices between the Arab countries. Furthermore, working 
together could help in promoting joint solutions towards achieving the Sustainable Development Goals 
(SDGs). However, challenges cannot be ignored and need more work to be done to make life possible with 
water scarcity rather than being a curse. 

Keywords: Arab Region, Climate Change, Food Security, Shared Water, Sustainable Development, Water 
Scarcity 

 

Biosaline Agriculture: Success stories from ICBA 

Elouafi Ismahane and Hirich Abdelaziz 

International Center for Biosaline Agriculture, Academic city, B.P Box: 14660, Dubai, UAE 

Abstract 

As scientists and policymakers around the world continue to assess future potential impacts of climate 
change, the ensuing global warming and its effect on humans and ecosystems, and identify and negotiate 
global mitigation and adaptation policies, many regions of the world are already experiencing the impacts 
of climate change reflected in increases in the frequency and severity of climatic events with serious social 
and economic consequences. Marginal and saline lands house ecosystems that are already at their 
resilience threshold and as such are considered to be most vulnerable. As they become degraded, the 
impact on people and the environment can be devastating. 

People living in these areas are already struggling to make an adequate living. Poverty and malnutrition 
are endemic, and population growth is putting a growing pressure on the already limited natural resources 
further exacerbating theit vulnerability. 

This necessitates urgent collaborative and integrated efforts by policymakers, scientists and international 
research and development organizations for development and implementation of new approaches and 
policies. 

Together with national, regional and international partners, our center conducts applied research and helps 
to develop sustainable integrated agricultural solutions for resource-poor populations in marginal and saline 
environments. Our scientists test and introduce improved technologies and crops to increase agricultural 
productivity and incomes of smallholder farmers and other land users.  

In 2013 our center developed a new strategic direction that takes innovation as a core principle. We take a 
multi-pronged approach to addressing the closely linked challenges of ensuring water, environment, 
income, and food security. We are committed to improving climate change adaptation, crop productivity 
and diversification, aquaculture and bio-energy, and policy analysis. 

Our scientists are working on a number of innovation, including the use of conventional and non-
conventional water (such as saline, treated wastewater, industrial water, agricultural drainage, and 
seawater), water and land management technologies and remote sensing and modeling for climate change 
adaptation. 

As knowledge is our main product, we are also committed to making sure that knowledge we generate is 
freely available to everyone, today and tomorrow.  
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As we work towards achieving the strategic goals of food, nutrition and income security for rural populations 
in marginal environments, it is important to note our partners’ continued support as it is key to ensuring that 
more and more farmers benefit from using advanced knowledge and technologies. 

Keywords: forage crops, marginal environment, salinity, soil, climate change 

Plenary Session 1: Policies and strategies to cope with water 

scarcity 

The EU Globaqua Project on Multiple Stressors in Rivers under Water 

Scarcity and Global Change.  A Reconnaissance Study in Selected European 

River Basins and THE WATER-Energy-Food Nexus 

Ginebreda Antoni 1  and Barceló Damià 2 

1 Water and Soil Quality Research group. Department of Environmental Chemistry, IDAEA-CSIC, Barcelona, Spain, 

2 Catalan Institute for Water Research (ICRA), Girona, Spain 

Abstract 

Most ecosystems are exposed simultaneously to several stressors, in the so-called multiple-stress 
situations. Some stressors such as water scarcity can limit biodiversity and economic activities in entire 
regions. In addition of being a stressor on its own, water scarcity can drive the effects of other stressors 
acting upon river ecosystems. It leads to intermittency in water flow, and therefore has implications for 
hydrologic connectivity, negative side-effects on biodiversity, water quality, and river ecosystem functioning. 
Water scarcity can amplify the effects of water pollution by reducing the natural diluting capacity of rivers 
Interactions between stressors may be exacerbated by climate change. For instance, warmer temperatures 
and reduced river flows will likely increase the physiological burden of pollution on the aquatic biota, and 
biological feedback between stressors (e.g. climate change and nutrient pollution) may produce unexpected 
outcomes. Degradation of drainage basins, destruction of natural habitats, over-exploitation of fish 
populations and other natural resources, or the establishment of invasive species, are factors whose 
impacts combine and may give rise to synergistic effects, especially during periods of water shortage. The 
effects of these stressors are very relevant for the chemical and ecological status of water bodies as well 
as for the sustainability of ecosystem services they provide 

Water scarcity is a key stressor with direct and indirect effects. The relevance of water scarcity as a stressor 
is most important in semi-arid regions such as the Mediterranean basin, characterized by highly variable 
river flows and the periodic occurrence of low flows and even no-flows. Climate change previsions forecast 
an increase in the frequency and magnitude of extreme events. Although extremes are part of the normal 
hydrologic behavior in Mediterranean-type rivers, many already show a consistent trend towards decreased 
discharge. 

This presentation will show different examples on the risk of emerging contaminants and nanomaterials in 
Mediterranean river catchments affected by water scarcity. For example, the   relevance of environmental 
factors (light, temperature, water flow) and chemical stressors (nutrients, pharmaceuticals, endocrine 
disruptors, pesticides, perfluorinated compounds and heavy metals) in the structure and functioning of 
epilithic biofilms in four Mediterranean watersheds, Ebro, Gualdalquivir, Jucar, Llobregat and Evrotas will 
be shown. Relevant data en Emerging Contaminants and Nanomaterials on three other European river 
catchments; Adige, Sava and Evrotas will be reported too. Stressors co-occur and interact in specific 
manners, and the respective relevance of one or another in the response of the biota may be altered also 
by the flow regime. 

Finally, new tools like MALDI-TOF MS   were used to better understand the river functioning. The 
experiments start using standard polymeric materials exposed to natural aquatic environments. Afterwards 
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structural changes related to degradation process of the polymeric surface are monitored by MALDI TOF 
IMAGING. 

 

An Overview of the GCC Unified Water Strategy 2016-2035  

Al-Turbak Abdulaziz  

College of Engineering, King Saud University, Saudi Arabia 

Abstract 

The Gulf Cooperation Council (GCC) Countries are situated in one of the most arid regions in the world, 
with extremely poor endowment of freshwater resources. Despite the water scarcity, the GCC countries 
have done well in providing water for their ever-increasing population and rapidly expanding economic 
base. However, this has been achieved only by resorting to relatively very expensive and costly investments 
in water supply sources and infrastructures manifested by desalination, water treatment, dams construction, 
as well as groundwater over-drafting. Being an important vector for socio-economic development, there is 
a need for an efficient and sustainable water management to ensure that the water sector can continue to 
serve the region's development needs. However, currently the GCC countries are facing several major 
challenges that are threatening the water sector sustainability. These include increasing water scarcity, 
increasing costs for infrastructure and service delivery, resources deterioration, increasing environmental 
and economic externalities, and many others. The main driving forces of these challenges are population 
growth and changing consumption patterns, low supply efficiencies, lower rates of water reuse and 
recycling, and low energy efficiency in the water sector. The intensity of these challenges is expected to 
increase in the future due to the additional driving force of the impacts of climate change. Realizing these 
challenges, the GCC Supreme Council has issued in its 31st summit (2010) the directive of “serious and 
speedy steps should be taken and endorsed by the GCC Supreme Council towards a long-term 
comprehensive Gulf water strategy". In 2016, a GCC Unified Water Strategy, 2016-2035 (GCC UWS) has 
been finalized by the GCC Secretariat General and recently approved by the GCC water ministers. This 
paper will present the main challenges facing the sustainability of the water sector in the GCC countries, 
the formulated GCC UWS (main themes and strategic objectives and their policies, key performance 
indicators and targets), the potential financial, economic and environmental benefits from its 
implementation, and its expected overall contribution to the water sector sustainability in the GCC countries.  

Keywords: Agricultural, Desalination, Governance, Groundwater, Industrial, Municipal, Security, 
Wastewater 

 

La gouvernance de la gestion des ressources en eau dans le bassin 

hydraulique du Souss-Massa 

Amghar Mohamed 

Hydraulic Basin Agency of Souss Massa, Morocco  

Abstract 

Le bassin hydraulique du Souss-Massa compte parmi les zones les plus riches et les plus importantes du 
pays, en raison de ses potentialités économiques (agricoles, touristiques, industrielles,…). 

L’une des contraintes, qui pourrait constituer un facteur limitant sinon un frein à ce développement, est la 
disponibilité des ressources en eau. En effet, le bassin hydraulique du Souss-Massa est l’un des bassins 
du Maroc où le problème de l’eau se fait sentir avec le plus d’acuité : les besoins en eau sont en constante 
hausse sous la pression des demandes en eau potable et industrielle et en eau agricole. Le plan directeur 
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d’aménagement intégré des ressources en eau (PDAIRE) du Souss-Massa a évalué ces demandes à 
l’horizon 2030 respectivement à 90 et à 1.165 millions de mètres cubes. 

Malgré l’importance des efforts déployés en matière de recherche et de mobilisation des ressources en 
eau depuis plusieurs décennies, l’équilibre entre l’offre et la demande en eau a toujours été précaire et 
fragile. Cette précarité et cette fragilité s’accentuent par la succession des épisodes de sécheresse de plus 
en plus sévères que connaît la région depuis le milieu des années 70. 

La conjugaison des  effets de ces sécheresses et la multiplication des pompages imposés par le 
développement agricole dans la région, s’est traduite par une surexploitation intense des ressources en 
eau souterraine. A ce  rythme, le développement de la région risque d’être compromis. 

L’effort de mobilisation des ressources en eau par la réalisation de nouveaux aménagements, telle que 
préconisée par le PDAIRE, ne pourra pas à lui seul résorber le déficit déjà important. Ce PDAIRE a souligné 
à cet égard que, même en mobilisant la quasi totalité des apports en eau de surface, les besoins en eau 
ne pourront être satisfaits, à l’horizon 2030, qu’au prix du maintien de la surexploitation des nappes du 
Souss et des Chtouka. 

Pour faire face à cette situation, qui présente de réels dangers pour la pérennité des investissements déjà 
réalisés et hypothèque le développement futur de toute la région, le PDAIRE a prévu un certain nombre de 
mesures de la gestion de l’offre et de la demande. En plus de ces mesures, des dispositions de bonne 
gouvernance doivent impérativement être prises pour réduire la pression sur les ressources en eau 
souterraine. Ces dispositions ont fait l’objet de la convention – cadre(2007-2012) qui régit les engagements 
des différentes parties intervenant dans le secteur de l’eau dans le bassin hydraulique du Souss-Massa et 
ont porté sur les aspects suivants : 

1- L’économie et la valorisation de l’eau de l’irrigation ainsi que le renforcement des activités de contrôle et 
de police des eaux en moyens humains et matériels, 

2- Le développement de la recherche scientifique en matière de pilotage de l’irrigation, la valorisation et 
l’économie de l’eau ainsi que l’utilisation des eaux non conventionnelles (eaux usées, eaux saumâtres,…) 
en agriculture, 

3- Le développement et la mobilisation des ressources en eau souterraines moyennant un programme de 
recherche et d’exploration des eaux profondes et le renforcement de la recharge naturelle des nappes. 

4- La mobilisation des eaux de surface par la réalisation de 22 petits barrages et lacs collinaires 

La réalisation de l’ensemble des actions précitées nécessitera d’importants moyens financiers. En plus des 
moyens financiers mobilisés, la modification de l’arrêté relatif aux redevances d’utilisation de l’eau du 
domaine public hydraulique pour l’irrigation dans la zone d’action de l’agence du bassin hydraulique du 
Souss-Massa, s’avère nécessaire pour mobiliser ces moyens financiers. Elle constitue la pierre angulaire 
de toute la stratégie de gestion et de préservation des ressources en eau souterraine qui découlera de la 
convention - cadre.  

Enfin, l’étude d’implication des usagers dans la gestion des ressources en eauquia étéréalisée par l’agence 
du bassin hydraulique du Souss-Massa et Dràa a fourni une visibilité assez claire de l’évolution de l’état 
des ressources en eau souterraines et qui est soldée par l’instauration du comité contrat de nappes.  Ce 
contrat constitue incontestablement un outil permettant de faciliter à l’ensemble des signataires de la 
convention cadre la réalisation des opérations sur lesquelles ils se sont engagés.  
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Les ressources en eau Algérie : réalités, enjeux; stratégies ;  et perspectives 

Kettab Ahmed  

Ecole Nationale Polytechnique, 10, Avenue Hassen Badi, B.P. N°182, El Harrach, Alger, Algérie 

Abstract 

L’eau, ressource naturelle de plus en plus rare, est une partie du patrimoine d’une nation et aussi de 
l’Humanité. Sa protection, la mise en valeur et le développement des ressources utilisables dans le cadre 
des équilibres naturels sont d’un intérêt général pour la nation et le monde. Nous devons veiller au respect 
de ce noble principe et considérer l’eau comme un bien économique et social et son accès est un droit pour 
chaque individu. Il est vrai que le droit à l’eau est une nécessité indispensable, mais le devoir de ne pas la 
polluer, la gaspiller est encore plus indispensable. C’est pour cela, que plusieurs organisations 
internationales telles que l’ONU, le Conseil Mondial de l’eau, … mènent une réflexion profonde sur les 
politiques de gestion durable de ressources en eau et sur les règles de sa gouvernance dans le sens d’une 
pérennité de cette ressource vitale. Il est désormais largement admis que la mise en place d’un 
développement durable exige de mettre en équation aussi bien les préoccupations sociales et 
économiques qu’environnementales en tenant compte du facteur essentiel et limite à savoir l’eau.  

L'eau est un produit indispensable et est irremplaçable. A notre connaissance, aucune des technologies 
de ce nouveau siècle ne nous permet de fabriquer de l'eau et rien ne peut lui être substitué ; de plus elle 
ne peut pas être reproduite. Elle doit donc être protégée par des textes de loi sévères et considérée comme 
une denrée très précieuse car de plus en plus rare. 

La stratégie nationale de développement du secteur de l’eau en Algérie à travers la loi n°05-12  
correspondant au 4 août 2005 relative à l'eau et du PNE adoptés par le gouvernement Algérien a érigé le 
secteur de l’eau comme une des priorités nationales.  

La politique du secteur de l’eau adoptée par l’Algérie depuis une vingtaine d’années à travers un 
investissement colossal en infrastructure hydraulique, nous a  permis de nous doter d’une bonne maîtrise 
des ressources en eau, avec une satisfaction des besoins en eau potable, agricole et industrielle. 
Cependant, nous devons faire encore avec un certain nombre de contraintes et défis en raison des 
changements climatiques ; de la croissance démographique ; … 

L’eau est devenue un enjeu de taille et seules les nations qui auront su préserver leur capital hydrique 
pourront survivre. Les pays du pourtour méditerranéen, considérés comme semi-arides seront de plus en 
plus confrontés à des pénuries d’eau, tant les pressions provenant de l’agriculture, de l’industrie et des 
populations y sont fortes et croissantes. Dans ce contexte, l’eau a une valeur socio-économique, 
environnementale et géopolitique particulière. Les solutions techniques et économiques impliquent, de fait, 
une solidarité entre régions, entre états, et dans la zone méditerranéenne. 

Dans cette conférence, seront développés les réalités, enjeux; politiques, stratégies et perspectives.  

✓ L’état actuel des ressources en eau, les enjeux et défis futurs à relever. 

✓ Les divers indicateurs d’évaluation, en notant leur utilité et leurs limites.  

✓ Les changements climatiques, inondations ; sécheresse : un constat mondial 

✓ Le dessalement des eaux de mer ; une réalité incontournable ? 

✓ Les grands transferts de l’eau : une nécessité ? 

✓ La politique de gestion : institution, réglementation, législation 

✓ Le droit à l’eau et à l’assainissement : une réalité 

✓ La recherche scientifique, la formation, le renforcement des capacités : un avenir certain 
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✓ Le traitement des eaux usées et leurs réutilisations : une bonne pratique 

✓ Le modèle de consommation : sensibilisation, lutte contre le gaspillage, Prix de l’eau … 

✓ La gestion intégrée des ressources en eau et la bonne gouvernance : une solution d’avenir 

Des  recommandations en vue d’un développement durable à l’horizon 2030/2050 seront données. 

Keywords: Eau, Algérie, droit à l’eau, développement durable, organisation, stratégies, enjeux 

 

Technical Session 1.1: Biosaline Agriculture and use of alternative 

water resources. 

Desalination: An Overview 

Al-Abri Mohammed  1 2 

1 Nanotechnology Research Center, Sultan Qaboos University, Alkhoudh, Oman 

2 Petroleum and Chemical Engineering Department, College of Engineering, Sultan Qaboos University, Alkhoudh, Oman 

Abstract 

With the ever increasing human population, access to clean water for human use is a growing concern 
across the world. Seawater desalination to produce potable water is essential to meet future clean water 
demand. In 2015, 16,000 desalination plants have been installed in more than 150 countries where the 
production of fresh water has achieved 90 million m3/day according to International Desalination 
Association (IDA). Typical seawater desalination processes for high production of treated water are reverse 
osmosis (RO), multi-stage flash (MSF) and multiple effect distillation (MED). The most common desalination 
technology is RO accounting for over 60% of the total worldwide installed capacity. It will indisputably 
remain the leader in this field in the coming decades due to its many attractive features such as high solute 
rejection and water flux, high chemical and thermal stability, high fouling resistance, and comparatively 
lower energy consumption compared to other desalination processes. 

A major obstacle facing RO desalination is fouling such as colloidal or particulate or organic or biological 
fouling (biofouling) or scaling. Biofouling is the most prominent especially in the Middle East. Fouling causes 
rapid increase in differential pressure, reduction in water production, lower water quality and shorter 
membrane lifetime.  

 

Innovative approaches and technics for managing salinity at the parcel scale 

in Tunisia 

Hachicha Mohamed  

INRGREF, 17 Rue Hédi Karray, 2080 Ariana – Tunisia 

Abstract 

Tunisia is confronted, as several others countries, to water scarcity and salinity challenge. For salinity 
management, some activities are carried out. An alternative saline farming system is tried to find based to 
change the extensive rainfall crop system to semi-intensive saline irrigated farming system, introduce new 
crops/cultivars, use localized irrigation and develop more adapted farmer’ practices. Concerning adapted 
irrigation system under saline condition, subsurface drip irrigation showed an improving of water efficiency 
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and reducing saline stress for different tomato varieties. Compatible organic molecular proline was tested 
to improve crop salinity tolerance. Foliar exogenous application of proline show an increase of fruit yield. A 
new study is started to evaluate the effect of the electromagnetic treatment (ET) of saline water on several 
aspects which as: salts leaching, duration of ET on drainage water and soil. The volume and the salts 
concentrations are significantly higher under irrigation with ET saline water. This result is manifested by the 
improving of salts leaching and removal of salt away from the root zone. The soil shows an increase on EC. 
The effect of ET duration is tested. The results indicate an increase on the volume and the salinity of 
drainage water with the increase of the ET duration. The duration of TE duration had also a significant effect 
on soil salinity wich decreased under ET. 

Keywords: Salinity, Water, Management, Tunisia. 

 

Quinoa Rehamna project: Scaling up quinoa value chain to improve food and 

nutritional security in poor rural communities of Morocco 

Hirich Abdelaziz 1, Choukr-Allah Redouane 2, Mhada Manal 3, El Gharouss Mohamed 3, El 
Mejahed Khalil 3 , Calle Juan Pablo Rodriguez 1 and Ouazzar Driss 3 

1 International Center for Biosaline Agriculture, P.O Box: 14660, Academic City, Dubai, UAE 

2 Hassan II Institute of Agronomy and Veterinary Medicine, Rabat, Morocco 

3 Mohamed VI Polytechnic University, Ben Guerir, Morocco 

Abstract 

Quinoa is a revenue-generating crop that has the potential to improve the livelihoods of poor smallholder 
farmers in areas with extreme soil and climatic conditions. As such, it is well suited for addressing income 
challenges faced by smallholder farmers of marginal areas of Rehamna in Morocco. Quinoa was introduced 
in Morocco in the 2000s, however its production has been constrained by lack of access to well-adapted 
and high-yielding cultivars, inappropriate crop management practices, weak value chains and limited 
market demand. The proposed project is implemented in Rehamna Province, where a significant number 
of farmers (6000) live under the poverty threshold and where a quinoa value chain already exists but is 
constrained by various factors. The project will analyze the existing quinoa value chain, develop a pro-poor 
business model and scale it up. It will introduce and disseminate quinoa cultivars with high tolerance to 
abiotic stresses and high productivity and yield stability, as well as promote appropriate crop 
production/management practices among smallholder quinoa growers. It will propose solutions to increase 
the demand for quinoa-based products by raising awareness about its nutritional value through publicity 
campaigns that primarily focus on women. The project will have a strong focus on the empowerment of 
women, who will be actively involved in the project’s planning and implementation as well as various stages 
of the value chain. The project is implemented in two phases. During the first phase, a business model will 
be developed and tested during a period of one year and half. Based on the outcomes of the pilot phase, 
a scaling up strategy is under development and will be implemented during the second phase, spanning 
one year and a half.  During this first semester, a regional committee chaired by the governor of the Rhmana 
Region has been created to review the progress of the project, discuss and address any operational 
constraints that are specific to the region and its administration. Also, the Project Technical Committee, 
comprising technical staff from the main partners has been established to review the project’s progress 
versus the agreed work plan, discuss technical issues and related constraints, and propose remedial 
actions when necessary. A survey of 12 communes of Rehamna was undertaken to assess the existing 
quinoa value chain in Rehamna, and to identify gaps and weaknesses at all stages, including in production, 
extension services, provision of inputs, post-harvest processing and value addition, and marketing. We 
also, establish linkages between local extension services and farmers participating in the pilot project. 
ONCA and DPA with the assistance from the project team developed a project proposal within the 
Moroccan Green plan to out-scale project outputs by involving more cooperatives and upscale the business 
Model for over 1000 farmers. The results of conducted survey indicated great interest of local farmers, 
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women’s coop and local institution in developing the Quinoa value chain in Rehamna region. ICBA in 
collaboration with UM6P introduced new productive lines within nine farmers in Bouchane commune to be 
compared to the local line and tested good practices (Soil amendment, irrigation) to increase Quinoa 
productivity. Obtained results show that ICBA accessions demonstrated very good performance compared 
to locally cultivated lines. 

Keywords: seed processing, quinoa based-food, irrigation, amendment, yield, couscouss 

 

Introduction of alternative crops on salt affected soils of FoumEloued 

Perimeter, Laayoune, Morocco 

Hirich Abdelaziz 1, Choukr-Allah Redouane 2, Lyamani Abderrahmane 3 and Ezzaiar Raghia 
3* 

1 International Center for Biosaline Agriculture, P.O box: 14660, Academic city, Dubai, UAE 

2 Hassan II Institute of Agronomy and Veterinary Medicine, Rabat, Morocco 

3 Phosboucraa foundation, Laayoune, Morocco 

Abstract 

Farmers in Foum El Oued, Laayoune in the south of Morocco are facing a number challenges which hamper 
their farm productivity. Some of the challenges that these small holder farmers face is the lack of knowledge 
about salinity problems on their farms and on the adoption of best land management practices to optimize 
forage production. The objective of the field trials carried out within ICBA-OCP-Phosboucraa project is to 
test several alternative new crops to replace salt affected traditional crops as forage corn and alfalfa. Three 
cropping cycles were conducted one salt affected farm in the first season, four farms including two with salt 
affected soil and two with moderately saline soil in the second season and four farms with salt affected soils 
in the third season testing several crops quinoa, sesbania, barley, pearl millet and blue panicum. First 
season results indicate that quinoa, sesbania and barley were very successful and recorded very important 
yields under saline conditions. Second field results showed that all tested crops (Sesbania, pearl millet, 
quinoa and blue panicum) recorded high performance under saline conditions and even better than 
traditional crops (forage corn and alfalfa). The important yield of barley, blue panicum and sesbania reflect 
the huge potential to replace traditional corn and alfalfa and the success of quinoa cultivation could be a 
judicious solution to improve the local farmer income and to make benefits from the salt affected soils by 
valorizing locally processed quinoa food. 

Groundwater salinity map clearly shows that none of the water samples show salinity less than 2.25 mS/cm. 
This is the salinity range where both maize and alfalfa crops grow well and produce satisfactory forage 
production. The water salinity higher than 2.25 mS/cm may cause low to high yield losses depending upon 
the water salinity class. Of 66 water samples 42 present water salinity over 5 mS/cm, under such conditions 
significant yield loss of both maize and alfalfa forages can be expected. Such an investigation supports the 
introduction of salt-tolerant forages in farms where water salinity is not favorable for existing crops. Soil 
salinity assessment revealed that of 67 soil samples collected from the surface root zone (0-40 cm) only 19 
show salinity below 4 mS/m, although this range is slightly above the maize and alfalfa threshold salinity 
tolerance levels, however, careful salinity monitoring and management may lead to have satisfactory yields. 
Forty-eight soil samples show surface rootzone salinity above 4 mS/cm, 33 samples (50%) show salinity 
above 8 mS/cm. The farms where surface rootzone salinity is found to be higher than 8 mS/cm, needs to 
be considered for salt-tolerant forage production.  

Keywords: Salinity, yield, irrigation, biomass, blue panicum 
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Saline Agriculture, a practical solution for a global problem 

Bruning Bas  

Organisation Néerlandaise Farm, Zilt Proefbedrijf - Monnikenweg 4 - 1791 NT Den Burg, Netherland 

Abstract 

At Salt Farm Texel we aim to make saline agriculture possible, as well as profitable, in close cooperation 
with smallholder farmers.We have created an open-air lab to conduct reliable and practical research to find 
solutions that can be copied directly to the actual salt affected fields. This open-air lab has been operational 
since 2012, and over the years about 800 varieties of 50 different crops have been tested.  The results 
imply that salt affected areas have much more potential than is generally assumed at present. This has 
been validated in Pakistan, where the cultivation of salt tolerant potatoes resulted in a 40% yield increase 
and a 50% reduction in fresh irrigation water use. At present, Salt Farm Texel is working in Bangladesh to 
assist smallholder farmers in the coastal area where salinity peaks during the dry season. The first results 
here are very promising as well. By setting up a local research farm to validate and extend research, and 
by creating a network of research farmers and demo farmers, a total of 25.000 farmers will be provided with 
all the tools they need to increase the food production under saline conditions. Saline agriculture is a true 
form of adaptation that is not only climate smart, but can also decrease famine, unemployment, poverty 
and migration. We would like to take the opportunity in this meeting, with all the relevant parties present, to 
explore and discuss the best way to create support, raise awareness and get funding for the implementation 
of saline agriculture on a large scale. 

 

Effect of Salinity on Quinoa in the UAE Field Conditions 

Shahid Mohammad  

International Center for Biosaline Agriculture, P.O. Box 14660, Dubai, United Arab Emirates 

Abstract 

To determine the salt-tolerance in quinoa, field experimentswerecarried at low and high salinities, at the 
International Center for Biosaline Agriculture (ICBA), Dubai, United Arab Emirates (UAE) during the 
cropping season of 2017-18. The yield trials were performed in a randomized complete block design 
(RCBD) with3 replications and two treatments (low salinity, 0.3 dS/m and high salinity, 15 dS/m). Eleven 
quinoa accessions were analyzed to detect their tolerance against high salinity. Data on various 
morphological and agronomic traits including day to flowering, days to maturity, plant height, number of 
primary branches per plant, number of inflorescences per plant, main inflorescence length, plot biomass, 
grain yield per plot, harvest indexand thousand seeds weight were measured to find the impact of salt on 
the quinoa plant. The results indicate that the high salinity decreases the seed yield of quinoa accessions 
7-44%, while the biomass decline was 4-40%. Saline water treatment shortens the “days to flowering” and 
“days to maturity” by 2 and 5 days respectively. About twenty percent of the world’s irrigated farmland has 
negative impact of salinity that has reduced the agricultural production there immensely. The cultivation of 
salinity-tolerant quinoa cultivarsin those salt-affected farmlands can assist to revamp the economy of the 
regions. 
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Technical session 1.2: water valuation and saving. 

Economic impact of the introduction of drip irrigation on agricultural gross 

production: Case of Oum Rbiaa river basin 

Mengoub Fatima Ezzahra 1 2, Doukkali Mohammed Rachid 1 2  and Lejars Caroline 3 

1 OCP Policy center,rue Mohamed El Jazouli, Rabat Design Center, Madinat Al Irfane, Morocco 

2 IAV HASSAN II, Madinat Al Irfane, Rabat, Morocco 

3 CIRAD/UMR-GEau, 361 Rue Jean François Breton, Montpellier, France 

Abstract 

In a context characterized by water resources’ scarcity, combined with an increasing demand for those 
resources, Morocco has to rationalize and optimize the use of its water resources. Aware of thiscritical 
situation, the Moroccan government has demonstrated several initiatives aiming at better management of 
water. Recently, a new water saving policy called the National Irrigation Water Economics Program (PNEEI) 
has been developed. This program consists of the modernization of irrigation techniques by convertingthe 
existing irrigation systems into localized irrigation. This study proposes an evaluation of the impact of this 
policy on agricultural production and on water reserves in the Tadla-Azilal region. To conduct this 
assessment, an integrated water management model at the Oum Rbiaa river basin is developed. The model 
captures the different determinants of water supply and demand and considers the agronomic, hydrological 
and economic components of water. Results show that the introduction of localized irrigation will affect 
significantly crop rotations, yields, the quantities of surface and underground water used and the agricultural 
income realized in dry, normal and rainy year.  

Keywords: irrigation, river basin model, water policy, agriculture, Tadla 

 

Adoption of water saving practices in Agadir berry farms: Experiences and 

challenges 

Laarif Y. 1, Rodriguez Perez J.M. 1, Wagja D. 1, Ouhmad K. 1 and Lopez M. Jaffe  2 

1 Driscoll's du Maroc, Bureau N 7, Rue 11 Janvier Imm Adrar 1, Dakhla, Agadir, Morocco 

2 Driscoll’s de España, Ctra. San Juan del Puerto – La Rábida, km. 4.7, Moguer 21800, Spain,  

Abstract 

Driscoll’s works with independent growers to produce raspberries, strawberries, blueberries and 
blackberries. In water scarce areas such as Agadir, water conservation is a priority in order to continue 
delighting berry customers in the future. Berry growers already use drip irrigation, but a broad range of 
practices can further improve water use efficiency, including soilless growing methods, or the use of 
advanced irrigation management techniques. Grower demonstration trials, followed by technical events, 
were used to facilitate adoption of some of these practices. In one case, Driscoll’s worked with two raspberry 
growers to test soil moisture sensors, real-time water use tracking, weather stations and sofware for 
irrigation recommendations, while tracking yield and fruit quality. This was accompanied with grower events 
to raise awareness on the importance of water conservation, and to share results and technical 
recommendations. The growers with in-farm trials actively learned operational aspects and compared 
results to nearby plots, thereby getting familiar with a new technology under real-life conditions, and with 
close agronomic and technical support. The events provided opportunities for demonstrations and dialogue 
among a larger number of growers. Some of the challenges encountered relate to the multiseason and 
multidisciplinary effort needed, coupled with a lack of technical services specific for berry production. A 
working technology and service market is needed to cater for the growers preferences and needs. Public 
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and private actors in water scarce areas could collaborate to facilitate water saving technology adoption, 
by creating opportunities for on-farm trials and visits, technology fairs and events. 

Keywords: Innovation adoption, water saving practices, farm demonstration trials, berry growing, 
sustainable crop production 

 

Impact of drip irrigation projects on the access to groundwater resources in 

Tadla, Morocco 

Boularbah Sara  and Hammani Ali  

Institut Agronomique et Vétérinaire Hassan II, BP6202, 10101, Rabat-Instituts, Rabat, Maroc 

Abstract 

In order to mitigate surface water shortages and reduce the pressure on groundwater, PNEEI intervenes 
through drip irrigation projects. The ambitious objective to limit access to groundwater is not as easy to 
achieve because farmers can choose to irrigate using their wells and tubes, especially if they are not 
convinced by the rules of collective management established in the framework project or if the water service 
provided by the State does not satisfy them. In Tadla, a region where the underground resource is available, 
this may hinder the success of the conversion project and threaten the already overexploited groundwater. 
Our surveys and measurements revealed that 41% of the tubes and wells were abandoned. Through 
scenarios based on a supply / demand models, we found that the volume pumped after the drip irrigation 
project decreased by 6.6% compared to the current state (0.4 Mm3). This volume may rise to 3 Mm3 in the 
case of a temperature rise of 1 ° C and a 10% decrease in precipitation. A change towards crops with high 
added values and less water consumption is one of the solutions to be adopted to alleviate the 
overexploitation of groundwater. 

Keywords: Collective conversion, drip irrigation, groundwater, crops 

 

Rivalries and cooperation in the depletion of groundwater for agriculture: the 

case of the Berrechid plain (Morocco) 

Ouassissou R 1, Kuper M 1 2, Dugué P 2, El Amrani M 3, Hammani A 1 and Ameur F 1  

1 Institut agronomique et vétérinaire Hassan II Madinat Al IrfaneBP 6202 Rabat Maroc 

2 CIRAD 73, rue Jean-François Breton 34398 Montpellier Cedex 5 France 

3 École nationale d'agriculture de Meknès Km 10 route Haj Kaddour BP S/40 Meknès 50001 Maroc 

Abstract 

In Morocco, the individual exploitation of groundwater has allowed the rapid development of irrigated 
agriculture oriented towards intensive farming systems. In the Berrechid plain, this resource considered by 
farmers as private is very limited and subjugated to an overexploitation. To mitigate the pressure exerted 
on this aquifer, the river basin agency has attempted for the last ten years to set up a formal contract with 
the various stakeholders to regulate the water withdrawal for agricultural use. Although the process has not 
been concluded yet, it reveals rivalries between farmers for access to groundwater, but also different forms 
of cooperation to exploit it until its exhaustion. The aim of this study is to analyze how the categorization 
between farmers - which are distinguished by their access to groundwater and land - is useful to think the 
governance of groundwater. For this reason, and once the dynamics of irrigated agriculture was traced, 
surveys were conducted to develop a typology of farmers, then the alliances and conflicts produced 
between different types of farmers were characterized. The Berrechid plain has undergone an agrarian 
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change partly due to the access to groundwater by a very heterogeneous group of farmers through an 
ensemble of cooperative arrangements around production resources. 

The detailed understanding of the nature of the links between this heterogeneous group of farmers can 
allow the operationalization of the contract with water users’ associations, which seems to be missing for 
the moment of appreciation of these links. 

Keywords: Overexploitation; arrangement; users; aquifer contract 

 

Technical Session 1.3: Climate change future projections and 

possible adaptation measures. 

Characterization of Historical Drought in Jordan Using Numerical Composite 

Drought Index 

Al-Karablieh E. 1, Al-Bakri J. 2, Al-Qinna M. 3, Aladaileh H. 4, Barta K. 5  and Rakonczai J. 6 

1 Department of Agricultural Economics and Agribusiness Management. School of Agriculture, The University of Jordan, Amman, 
Jordan 

2 Department of Land Water and Environment. School of Agriculture, The University of Jordan, Amman, Jordan 

3 Department of Land Management and Environment, Faculty of Land Management and Environment.The Hashemite 
University,Zarqa,Jordan 

4 PhD. Student, Doctoral school of environmental science, University of Szeged-Hungary 

5 Department of Physical Geography and Geo-informatics, University of Szeged- Hungary 

6 Department of Physical Geography and Geo-informatics, University of Szeged- Hungary 

Abstract 

Water scarcity in Jordan is a known problem that represents a challenge to development plans in different 
sectors. The problem is exacerbated by droughts resulting from the increasing droughts events.Drought is 
characterized mainly by three dimensions: severity, duration and areal extent. Drought severity remains the 
key factor for the characterization of drought. Drought severity is conventionally assessed by drought 
indices, which are simple or composite indicators by either Remote Sensing (RS) or numerical are useful 
for identifying and monitoring drought events in a meaningful way. A numerical composite Drought index 
(CDI) was developed which reflects the combined effects of three drought indices, mainly the Precipitation 
Drought Index (PDI), the Temperature Drought Index (TDI), and the Normalized Difference Vegetation 
Index (NDVI) as a substitute for the Soil Moisture Drought Index.In order to assess the draught patterns in 
Jordan, monthly rainfall and minimum and maximum air temperature data for 29 Jordan Meteorological 
Department, thee stations are scattered over the country located at different physiographic regionsof the 
country. The climatic data represent long-term historical records from 1980 to 2017. NDVI obtained from 
remote sensing to characterize past drought events in Jordan and incorporated with RS technology and 
Geographic Information System (GIS). Both RS and GIS have played a remarkable role in assessment of 
various types of hazards, based on satellite remote sensing methods to map and monitor 
evapotranspiration, soil moisture, and vegetation health. We applied the CDI on spatially interpolated 
monthly precipitation data at multiple timescales, i.e. accumulated precipitation was considered over a 
number of timescales, for example: 1,2, 3, and 6 months and annual. Jordan experiences recurring periods 
of drought. The extreme drought period was 1998-2000 where 90% of station recording severe or extreme 
drought, resulted in serious economic, environmental, and social losses.In 2014 about 70% of station 
recording moderate to severe agricultural drought. Drought characterization is a critical requirement for the 
conduct of vulnerability assessments for various sectors. To investigate the performance of the drought 
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index, correlation analyses were conducted with field crop and olive yield. The results show that the 6 month 
CDI best explains the inter-annual variation of the NDVI. Hence, a timescale of 6 months is the most 
appropriate when addressing agricultural drought. Successive droughts in Jordan occurred at least three 
times in the last 37 years. The cumulative probability distribution of mild drought to extreme drought is 30%. 
The frequency is expected to increase to three times every 20 years, with a mild drought event every 3 to 
4 years and a severe or extreme drought every 6 to 7 years. Subsequently, surface water availability is 
decrease by 15% to 20% in drought years. During the last two decades, the frequencies and severity of 
drought as well as the affected area have increased mainly as .a result of climate change indicated by 
increasing average monthly temperature. 

Keywords: Agricultural Drought, Composite Drought Index, NDVI, Jordan  

 

Impact and mitigation of Global Change: modelling freshwater-related 

ecosystem services in Southern Europe 

Jordà-Capdevila D.  , Gampe D. , Huber V. , Ludwig R. , Sabater S. , Vergoñós L.  and Acuña 
V.  

ICRA. Catalan Institute for Water Research, Carrer Emili Grahit 101, 17003 Girona, Spain 

Abstract 

Global Change is severely impacting the biosphere that, through ecosystem services, sustains human well-
being. Such impacts are expected to increase unless mitigation management actions are implemented. 
Despite the call from the scientific and political arenas for their implementation, few studies assess the 
effectiveness of actions on freshwater-related services. Here, by modeling water provisioning, water 
purification and erosion control under current and future conditions, we assess future trends of service 
provision with and without mitigation policies. In particular, two different storylines combine multiple climate, 
land use/land cover and agricultural management scenarios, and represent a pro-efficiency business as 
usual (myopic storyline) and a future that considers social and environmental sustainability (sustainable 
storyline). The mentioned services are modeled for the horizon 2050 and in three South European river 
basins: Ebro, Adige and Sava, which encompass the wide socio-environmental diversity of the region. Our 
results indicate that Mediterranean basins (Ebro) are extremely vulnerable to Global Change respect Alpine 
(Adige) or Continental (Sava) basins, as the Ebro might experience a decrease in water availability up to 
40%, whereas the decrease is of only 2-4% in the Adige or negligible in the Sava. However, Mediterranean 
basins are also more sensitive to the implementation of mitigation actions, which would compensate the 
drop in water provisioning. Results also indicate that the regulating services of water purification and erosion 
control will gain more relevance in the future, as both services increased between 4 and 20% in both Global 
Change scenarios as a result of the expansion of agricultural and urban areas. Overall, the impact of Global 
Change is diverse among services and across river basins in Southern Europe, with the Mediterranean 
basins as the most vulnerable and the Continental as the least. The implementation of mitigation actions 
can compensate the impact and therefore deserve full political attention. 

Keywords: ecosystem services, modeling, Global Change, water scarcity 
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Future Climate Change Projections for Morocco: Trends Analysis of Extreme 

Events 

Zaaboul Rashyd , Bergaoui Karim  and McDonnell Rachael  

International Center for Biosaline Agriculture, P. O. Box 14660, Dubai, UAE  

Abstract 

Morocco is in a moderate and subtropical region, cooled by breezes off the Atlantic and Mediterranean. Its 
location on the southern margins of the mid-latitude tract of frontal storm systems that regularly traverse 
the North Atlantic leads to a relatively low rainfall and gradually decrease from north to south. The southern 
river basins like Souss Massa are getting less than 200 mm/yr of rainfall, having very high potential 
evaporation rate, very low groundwater recharge rate and limited perennial surface water resources. 
Historical data from 40stations has been compared to gridded available data and climate indices calculated 
(trends and spatial distribution)bto characterize the past climatology of Morocco. Extreme events from 
future projections have been analyzed from 8 Regional Models from the Coordinated Regional Downscaling 
Experiment (CORDEX) project. The periods of interest are 2031-2050, 2051-2070 and 2071-2090 for 
scenarios RCP4.5 and RCP8.5. Under the first scenario, average rainfall over Morocco is expected to 
decrease by -7, -9 and -8percentas compared to the reference period (1986-2005) and the mean 
temperature will increase by +1.3, +1.8 and +2.1oC over the three periods; while for the second scenario, 
average rainfall over Morocco is expected to decrease by -4.5, -10 and -13 percent and the mean 
temperature will increase by +1.6, +2.7 and +3.8oC over the same periods. The extreme events climate 
indices like the Consecutive Dry Days (CDD) and the Consecutive Wet Days (CWD) show that drought will 
likely to be more severe in the future in terms of frequency and duration. Heat waves indices and 
temperature related indices show an increase in hot conditions making the growing season shorter and 
putting more pressure on water needed for irrigation. Climate conditions projected for Morocco have 
important consequences for current and future water management. With higher rates of evapotranspiration 
more water will be needed for irrigation if current agricultural systems and urban environments are 
maintained. The need for non-conventional water resources to be further developed, using improvements 
in water technologies will be vital if the country’s water resources are to be secured especially in the south. 

 

De l’adaptation à la résilience au changement climatique des territoires de 

l’eau: cas du Maroc 

Abbad Aïcha  

Université Mohammed 5, Rabat, Maroc   

Abstract 

Le Maroc est un pays de transition climatique et écologique mais pas pour longtemps avec le changement 
climatique ( les quatre rapports du GIEC) . L’effet du changement climatique est déterminant pour le 
territoire et la disponibilité des ressources naturelles dont les ressources en eau (les trois Communications 
Nationales du royaume du Maroc) 

L’impact du CC ne se limite pas aux composantes et contenu du territoire y compris les ressources 
naturelles mais le contenant, le territoire, lui-même.  

Le Plan National de lutte contre le changement climatique, de 2009, était à l’origine des différentes 
approches ultérieures du CC dont la Stratégie Nationale du Développement Durable  « SNDD ». Comment 
le territoire national a été inclut, analysé, pris en compte dans la SNDD ? La réponse ne vise pas seulement 
le facteur de l’adaptation mais plutôt la résilience des territoires au CC, décliné en région, dans la cadre de 
la nouvelle régionalisation. 
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L’approche de la SNDD du territoire, a travers les sept enjeux majeurs, n’est pas globale, mais sectorielle 
et précisément par zonage « zone de territoire ». A ce propos, le quatrième enjeu de la SNDD a pour 
objectif la prise en compte du CC a travers trois axes identifiés dont un seul prend en compte le territoire. 
Ce dernier est inscrit dans une démarche atténuation et adaptation des émissions de GES (les trois 
communications nationales de 2001, 2006 et 2016). Alors que le cinquième enjeu, le territoire est pris sous 
l’angle de « territoire sensible »,  a savoir le littoral ; les oasis « et zones désertiques »  et les montagnes. 
On a quatre espaces géographiques, territorialisé, avec une topographie à altitude varié du niveau de la 
mer aux versants des montagnes ; y compris les « aires protégés » du deuxième enjeu. 

Le territoire connait une dichotomie « déséquilibre » territoriale avec 60% des urbains et un espace rural a 
caractère vulnérable et a faible densité de population. Les deux espaces, urbain et rural, sont parmi les 
défis de la politique de l’aménagement du territoire alors que les ressources naturelles constituent le 
troisième défi. 

Dans un contexte de glissement des zones climatiques, nous chercherons a analysé la résilience des 
territoires, territoire de l’eau, pauvres ou riches « avec ou sans stress » en ressources en eau a travers les 
différentes approches des sciences humaines et sociales. 

 

Economic Water Management under Climate Change Impact 

Elame Fouad 1, Doukkali Rachid 2  and Liounboui Hayat 1 

1 Institut National de la Recherche Agronomique, INRA, Maroc  

2 Institut Agronomique et vétérinaire Hassan II Rabat, IAV Hassan II, Maroc 

Abstract 

The recent statistics show a clear downward trend in global and per capita availabilities of water due in 
particular to climate change. In addition to the recurring droughts that Morocco experienced during the last 
two decades, this tendency is accentuated by an unceasingly increasing demand, in particular under the 
effect of the demographic pressure and the economic development. In a context of scarcity and a limitation 
of potential resources not yet mobilized, Morocco is confronted with the need of changing its supply policy 
to a demand management one. The implementation of such policy requires the adoption of new 
management instruments and new institutional forms of organization. Accordingly, the present study 
proposes a tool of modeling and decision-making support which integrates the economic, institutional, 
hydrological and agronomic aspects. The proposed approach is based on optimization techniques and 
positive mathematical programming to calibrate an empirical model. Using climate change impact 
scenarios, this integrated economic model is tested for the basin of Souss-Massa. These simulations 
include changes in water availability and economic conditions, as well as demand management policy. The 
study results show that the demand management policy at the river basin level should take into account 
the regional specificities. The basin’s water resources are substitutable and water management policy 
cannot ignore this aspect and should integrate surface and groundwater resources at the same time. In 
drought conditions, the water marginal value ‘shadow price’ increases considerably such that water pricing 
policy alone cannot result in a rational and a sustainable use of the resource.  

Keywords: Water resources, climate change, drought, River basin, integrated economic model, scenario 
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Technical Session 2.1: Wastewater reuse: innovative solutions 

using advanced treatment technologies 

 

Emerging Contaminants: Risk and Challenges for Water Quality in European 

River Basins and Plant Uptake. Solutions with Advanced Treatment 

Technologies 

Barceló Damià 1 2 and Köck Marianne 1 

1 Water and Soil Quality Research group. Department of Environmental Chemistry, IDAEA-CSIC, Barcelona, Spain, 

2 Catalan Institute for Water Research (ICRA), Girona, Spain 

Abstract 

Occurrence of emerging contaminants in environmental waters is directly related to their removal in 
wastewater treatment plants (WWTPs) and the flow rate of the receiving waters. Conventional WWTPs 
were not designed to remove some organic compounds such as emerging pollutants. A wide array of 
micropollutants are usually found in WWTP effluents, so there is a need to develop and evaluate alternative 
treatments which could be efficient for their elimination. Advanced treatment technologies such membrane 
bioreactors (MBR) and photocatalytic processes could improve the removal of many emerging pollutants 
and thereby diminish their presence in surface waters.  

 Mediterranean rivers are characterized by important fluctuations in the flow rates and heavy contamination 
pressures from extensive urban, industrial and agricultural activities. This translates in contamination levels 
most often higher than in other European basins. For instance, the Llobregat river basin (Catalonia, NE 
Spain) suffers from extreme and frequent flow fluctuations (1–100 m3 s-1) and receives the effluent 
discharges of more than 55 WWTPs, and at some points, especially in drought periods, the effluents may 
represent almost 100% of the total flow of the river. Thus, it is not strange to find considerably high levels 
of organic contaminants along the river and increasing concentrations when moving downstream due to 
the also increasing number of WWTPs and population pressure. Besides conventional contaminants such 
as pesticides, Hg, organochlorine compounds, polycyclic aromatic hydrocarbons (PAHs), alkylphenols and 
polybrominated diphenyl ethers (PBDEs), emerging contaminants such as pharmaceuticals and personal 
care products (PPCPs), perfluoroalkyl substances (PFASs) and illicit drugs represent an overgrowing 
portion of trace organic contaminants of concern.  

An overview on the fate and risk of the studied emerging contaminants in four studied Iberian rivers (Ebro, 
Llobregat, Guadalquivir and Jucar), from the Madrid metropolitan region and from Europe corresponding 
to the EU funded project GLOBAQUA ( Sava, Ebro, Evrotas and Adige) corresponding to monitoring 
campaigns starting in 2010 till today will be shown during this presentation. Estuarine water samples have 
been as well studied in the case of Ebro. The occurrence of these emerging contaminants is discussed in 
relationship to their removal in WWTPs, influence of hydrological conditions in the receiving river waters, 
sediments and dilution factors. The removal of some of them (e.g., acetaminophen, diclofenac, ibuprofen, 
carbamazepine and atenolol as well as the illicit drugs cocaine and methadone) with advanced water 
treatments and the study of the formed transformation products and their toxicity is also presented. In 
addition, the risk posed by these emerging contaminants in both surface and effluent wastewaters was 
assessed towards different aquatic organisms (algae, daphnids and fish) by determining hazard indexes. 
These indexes are further correlated with some biological descriptors characterizing both the structure and 
functioning of the receiving aquatic ecosystems such as biofilms or the macroinvertebrate community. Data 
on the levels of Emerging Contaminants in drinking water will also be reported.  

The study completes with an analysis of the remediation technologies under discussion within the European 
Countries in order to reduce the environmental risk posed by the occurrence of the most critical emerging 
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contaminants in surface waters. Among all the new technologies studied,  membrane bioreactors (MBRs) 
and fungal bioreactor (FBR) technologies of wastewater have been investigated and are currently at 
different stage of implementation at real scale: MBR technology has become an accepted alternative to 
CAS processes for municipal wastewater treatment, not only with regard to PPCPs removal but to the 
overall water quality  whereas fungal treatment, has shown its efficiency in removing recalcitrant and toxic 
PPCPs at laboratory and pilot scale, but its implementation in full-scale WWTPs is still under consideration. 

In this work, overall removal efficiency of PPCPs from wastewater effluents is evaluated, paying special 
attention to the removal of transformation products (TPs) of the target contaminants. These TPs are not 
only present in raw wastewater but also generated during water treatment, both in MBR and FBRs and can 
also contribute to ecotoxicological impact of wastewater effluents in the receiving waters. Examples on the 
treatment of effluents form hospitals are being reported. 

 

Wastewater treatment and efficient agricultural reuse in Morocco, Egypt and 

Tunisia: the MADFORWATER project 

Pinelli Davide 1, Zanaroli Giulio 1, Frascari Dario 1 and Choukr-Allah Redouane 2 

1 Dept. of Civil, Chemical, Environmental and Materials Engineering, University of Bologna, Italy 

2 Salinity and Plant Nutrition Laboratory, Institut Agronomique et Veterinaire Hassan II, Morocco 

Abstract 

Climate change and population growth are expected to exacerbate the water crisis of Mediterranean African 
Countries (MACs), where agriculture accounts for 80-85% of freshwater consumption. The aim of 
MADFORWATER is to develop a set of integrated technological and management solutionsto enhance 
wastewater treatment, reuse for irrigation and water efficiency in agriculture in three MACs (Morocco, 
Tunisia, Egypt). 

MADFORWATER is articulated into three phases. The first one is the analytical phase, dedicated to the 
analysis of water stress and vulnerability and to their effect on food security in Egypt, Morocco and Tunisia. 
The analysis is performed mainly at country level. In addition an in-depth analysis is performed on three 
selected hydrological basins (one for each target country). The analysis is based on the development of 
innovative indicators of water stress / vulnerability, adapted to the local context of Egypt, Morocco and 
Tunisia and capable to take into consideration the current level and the future potential of treated 
wastewater reuse, an aspect generally neglected by previous water stress indicators. 

In the framework of the technological phase, MADFORWATER is developing and adapting to threeselected 
hydrological basinstechnologies for the production of irrigation-quality water from drainage canals, 
municipal, agro-industrial and industrial wastewaters, and technologies for an efficient water reuse in 
agriculture. After 2 years of initial technologyvalidation and adaptation at laboratory and greenhouse scale, 
some technologies were selected forscale-up and further validation in 4field pilot plants of integrated 
wastewater treatment and reuse.The selection of the technologies to be scaled up was performed on the 
basis of the following criteria: a) technical performances; b) life cycle assessment; c) cost-benefit analysis; 
d) feedback provided by MAC stakeholders on the suitability of the developed technologies in relation to 
the local context of each target basin. The 4 pilot plants will be installed during the first months of 2019, 
and operated from May 2019 to May 2020. 

The third phase is dedicated to implementation activities aimed at maximizing the project’s long-term 
impact. Firstly, the development of integrated strategies for wastewater treatment and agricultural reuse - 
targeted to the selected basins - are under development.These strategies are mainly based on a hydro-
agro-economic model, which also simulates the effect of the potential introduction of the MADFORWATER 
technologies and of different types of economic incentives and instruments. Guidelines for the development 
of integrated water management strategies in other basins of the three target MACsare produced, 
considering climate change, population increase and economic growth scenarios.Further guidelines on 
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economic instruments and policies for the effective implementation of the proposed water management 
solutions in the target MACs are underdevelopment.The MADFORWATER consortium consists of 18 
partners, 5 of which from the 3 MACs and 1 from China. 

The MADFORWATER project will lead to a relevant long-term impact in Egypt, Morocco and Tunisia in 
terms of increased wastewater treatment, wastewater reuse, food production and income in the agricultural 
and water treatment sectors, and decreased groundwater exploitation. 

 

Sewage Sludge valorization feasibility study; a case study from UAE 

Alshankiti Abdullah  

International Center for biosaline Agriculture, P.O.Box 14660, Dubai , UAE 

Abstract 

In light of the increasing demand for alternative water sources, the treatment of sewage effluents and 
disposal of sewage sludge have become a matter of concern. The matter has gained more importance in 
view of the potential value of sewage sludge as soil conditioner and source of important plant nutrients. 
Hence, recycling and beneficial use of sewage sludge or biosolids are the preferred options for sustainable 
development, rather than incineration or land filling. It is now widely accepted that landfill disposal of organic 
wastes, such as sludge, is not a sustainable option due to concern over gas and leachate emissions. 

Therefor, In recognition of the potential value of the sludge and biosoldis, a case study from United Arab 
Emirates, will present an in depth evaluation and sludge valorization feasibility study. The study was done 
with main emphasis on situating the production within the context of international standards, potential 
marketability, and the present situation for producers and clients. The methods used to examine these 
issues include literature research, the review of international regulations, the analysis of historical data on 
local sludge, and interviews done with a sample of producers and end-users of biosolids currently engaged 
in the market.  

The finding of this study has focused on the following aspects of sewage sludge management and reuse: 
standards and regulatory framework, production, quality and compliance, feasibility, marketability, and 
sustainability. The study pointed out that the current low level use in Ajman Emirates as elsewhere in UAE 
is attributed to many factors including the existing social and traditional perception of sludge in association 
with outlook about waste water, the lack of clear standards of quality, perception and fear of risk (heavy 
metals and pathogen contamination), odor, and lack of wider application practices.   

However, there is a signal for a potential of more use provided better information regarding description of 
the quality and content of the product is given to the farmers. It may need to establish few model 
demonstration farms that will help in attracting and convincing more farmers to buy and use it. A 
comprehensive road map and way forward recommendations was also presented as a conclusion for this 
study.   

Keywords: biosoldis, , sewage sludge, valorization, UAE 
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Ecosystem-level manipulation reveals subtle effects of WWTP effluents on 

river ecosystems 

Elosegi Arturo 1, Atristain Miren 1, Barrado Miren 1, de Guzmán Ioar 1, González José 
Manuel 2, Larrañaga Aitor 1, Pereda Olatz 1, Pérez-Calpe Vicky 1, Solagaistua Libe 1 and 
Schiller Daniel von 1 

1 Faculty of Science and Technology, University of the Basque Country, UPV/EHU, Bilbao, Spain 

2 Superior School of Experimental Science and Technology, Rey Juan Carlos University, Móstoles, Spain 

Abstract 

Waste Water Treatment Plants (WWTP) greatly reduce point-source pollution from urban and industrial 
sources, thus contributing to improve the status of the receiving river ecosystems. Nevertheless, their 
effluents still consist of complex cocktails whose ecological effects are far from clear. We performed a BACI 
(Before-After, Control-Impact) experiment to assess their ecological effects in the field. We diverted part of 
the effluent of a large, urban WWTP into the lowermost 100 m of a small, unpolluted tributary stream. A 
100-m long reach upstream from the diversion point was used as a control, and both reaches were studied 
for a year prior and a year after the diversion.  Laboratory ecotoxicological experiments showed the effluent 
to promote microbial activity and not to affect gammarid survival, even at full concentration, thus suggesting 
no effect in the field. Nevertheless, the ecosystem-level manipulation revealed subtle but statistically 
significant effects in the field. Although communities did not lost pollution-intolerant taxa, pollution-tolerant 
species, especially chironomids, increased in abundance, thus reducing invertebrate diversity. Additionally, 
the effluent enhanced benthic chlorophyll and biofilm enzymatic activities, reduced nutrient uptake capacity, 
and enhanced benthic primary production and leaf breakdown. The results point to a subtle effect of this 
effluent on the receiving river ecosystems, which would likely remain unnoticed had the receiving water 
body been subject to additional anthropogenic pressures. 

 

Environmental Impact of Long-Term Application of Treated Wastewater 

Al-Busaidi Ahmed , Al-Yahyai Rashid  and Ahmed Mushtaque 

College of Agricultural and Marine Sciences, Sultan Qaboos University, Oman 

Abstract 

Agricultural management of wastewater is a sustainable approach for arid- and semi-arid regions of the 
world. This research was conducted to evaluate the suitability of treated waste water for irrigating date 
palms and monitoring the partitioning of some heavy metals (e.g., Cu, Cr, Cd, Pb, Mn, Fe, Zn etc.) among 
soil, plant and fruits. Soil and plant samples including leaves and fruits were collected from different 
locations of the date palm plantations at the Sultan Qaboos University, Al-Hamra and izki which have been 
irrigated with treated water or ground water for seven years. Results showed that the concentrations of 
heavy metals in both groundwater and treated waste water were within the international standards. There 
were significant variations in heavy metal concentrations in soil at studied locations. In most of the cases, 
the concentrationsof heavy metals were relatively higher in soils irrigated with treated waste water 
compared to the soils irrigated with groundwater. Generally, the concentrations of heavy metals in date 
palm leaves were not significantly different in plants irrigated with treated waste water or groundwater. 
However, there were significant differences in the concentrations of heavy metals in date fruits irrigated 
with different sources of water. The concentrations of some metals (Fe, Zn, and Ni) in date fruits were 
higher in waste water irrigated plants whereas other metals (Cu, Cd, Pb, and B) were higher in ground 
water treated plants. In all cases the concentrations were within the permissible limits. Thus, the long-term 
effects of treated wastewater did not indicate any adverse effects of irrigation using groundwater and waste 
water on fruit mineral composition, including heavy metals. 

Keywords: Treated waste water, ground water, heavy metals, date palms, irrigation water management 
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Technical Session 2.2: Regional policies for water scarcity 

Towards a Water-Energy-Food Nexus Perspective in the Arab Region 

Al-Zubari Waleed K  

Water Resources Management Program, Department of Environmental and Natural Resources, College of Graduate Studies, Arabian 
Gulf University, Kingdom of Bahrain 

Abstract 

Interlinkages between water, energy and food (WEF) systems in the Arab region are intensifying with time, 
as the demand for resources increases due to population growth and is exacerbated by changing 
consumption patterns, low management efficiencies, and the additional impacts of climate change. While 
these conditions are constraining the ability of existing systems to meet the growing demand in a reliable 
and affordable manner, the dynamics of the three sectors pose substantial risks for the sustainable 
development and resource security ambitions of the Arab countries due to their strong and crucial 
interdependencies. Therefore, it is becoming imperative that policy formulation becomes coordinated 
among the three sectors. Conventional policy and decision making in ‘silos’ needs to give way to a nexus 
approach to reduce trade-offs and build synergies across the three sectors through integrated planning and 
management, which can only be delivered through appropriate governance and relevant institutions. 
Currently, the institutional framework governing the elements of the nexus in most of the Arab countries is 
fragmented and lacks effective coordination mechanisms, which has led to a sectoral approach to policy 
planning, and consequently fragmented strategies and policies. Enhancing coordination and collaboration 
mechanisms amongst institutions is key for mainstreaming the WEF nexus approach and not necessarily 
establishing new institutions. Moreover, there is an urgent need to bridge the knowledge gap of the WEF 
nexus at both the countries and regional levels through active research and institutional and individual 
capacity development. This can be made more effectively through encouraging collaborative and focused 
applied R&D on the nexus by forming regional research teams and alliances. Understanding and 
quantifying the WEF nexus inter-linkages, analyzing its cross-sectoral interactions, trade-offs and risks will 
ensure policy coherence and integration, reduce trade-offs and builds synergies across the three sectors. 
The presentation will provide a brief account on the status of the water, energy, and food in the Arab region, 
and will identify the WEF nexus crucial inter-dependencies, dynamics and associated risks using a number 
of case studies from the region. Current initiatives adopting the WEF nexus approach in the region will be 
highlighted and will be followed by number of recommendations to enhance the adoption of the WEF nexus 
thinking and approach in the areas of governance and institutional framework, research and technological 
innovation, and capacity building and training.   

Keywords: Climate Change, Governance, Interdependencies, Nexus Thinking and Approach,Policy 
Coherence, Risks 

 

Policy Lessons for Sustainable Water Management from the Implementation 

of the Water Framework Directive in Europe 

Giakoumis T.  and Voulvoulis N.  

Imperial College London/Centre for Environmental Policy, London, United Kingdom 

Abstract 

Introduced in 2000 to reform and rationalise water policy and management across the EU, the Water 
Framework Directive (WFD), is widely acknowledged as the embodiment and vessel for the application of 
the Integrated River Basin Management (IRBM)paradigm.  Discussing the reasons why the Directive was 
introduced and what it has been trying to deliver, progress with its implementation was reviewed to 
understand the reasons for the limited delivery of water quality improvements.  Using the Broadland Rivers 
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catchment in England as a case study, the paper investigates why measures that were developed and 
implemented during the 1st WFD cycle have not been effective in delivering water status classification 
improvements. Compliance driven implementation efforts, hindered often by misunderstandings of the 
Directive’s core principles, predicated in the old reductionist “command and control” approach are shown 
to have been barriers to the harmonised transposition of the IRBM paradigm. Evidence ofprogrammes of 
measures targeting element classifications rather than the river basin pressures, assumptions of linear 
causality and a “step by step” prescriptive implementation, further supports the need for policy action to 
realign current practices to the Directive’s initial aspirations and methodological approach.  

Keywords: Water policy, Policy implementation, Catchment management, Systems thinking 

 

Water scarcity effects on river ecosystems 

Sabater  Sergi 1 2, Bregoli Francesco 1 3, Acuña Vicenç 1, Barceló Damià 1 4, Elosegi Arturo 
5, Ferreira Verónica 7, Ginebreda Antoni 4, Marcé Rafael 1, Muñoz Isabel 6 and Sabater-Liesa 
Laia 4 

1 Catalan Institute for Water Research (ICRA), Girona, Spain. 

2 Institute of Aquatic Ecology, University of Girona, Girona, Spain. 

3 Water Science and Engineering Department, IHE Delft Institute for Water Education, The Netherlands.  

4 Department of Environmental Chemistry, Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, 
Spain. 

5 Laboratory of Stream Ecology, Department of Plant Biology and Ecology, University of the Basque Country, Bilbao, Spain. 

6 Department of Evolutionary Biology, Ecology and Environmental Sciences, Universitat de Barcelona, Barcelona, Spain. 

7 MARE – Marine and Environmental Sciences Centre, Department of Life Sciences, University of Coimbra, Coimbra, Portugal. 

Abstract 

The forcing of the global water cycle is not negligible at the Planet scale, and manifestations are particularly 
dramatic in areas of poor water resources, producing persistent water scarcity. Water scarcityaffects river 
ecosystems when water resources demands impede their natural functioning. River ecosystems under 
water scarcity shift towards non-natural water regimes, associated to intensive management and regulation. 
Hydraulic infrastructures and water-abstraction schemes have the capacity to modify river hydrological 
regimes, its geomorphological dynamics, and the concentration of nutrients and pollutants. The direct and 
indirect effects of water scarcity may expand to biological communities, as well as to the overall downstream 
ecosystem functioning, expressed in significant changes in the nutrient uptake, organic matter 
decomposition, and primary production and respiration. These effects can be perceived at the local scale, 
but show reproducible patterns in rivers of different climates, sizes and contaminant influences. The extent 
and significance of water scarcity effects to river ecosystems are cause of global concern. 

Keywords: water scarcity, rivers, contaminants, nutrients, reservoirs 
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Water Policy Issues and Options Revisited in the Near East 

Ahmad M 1 and Asif M 2 

1 Centre for Water Informatics and Technology, Lahore University of Management Science (LUMS) , Lahore, Pakistan 

2 The Graduate School of Development Studies, Lahore School for Economics (LSE) , Lahore, Pakistan 

Abstract 

This paper reassess progress in implementing key water policy reforms indicating that supply side policies 
still continue to dominate,  whereas demand side policies have not been adopted  to capture the  potential 
benefits they offer in terms of reducing water gap at a low cost. The paper also makes a comparison of  
MENA region  with  a some selected countries of  South Asia and  finds  that  the MENA region  is doing 
much better in terms of  reforming the key  policy and institutional reforms. The case of Morocco is 
compared with Pakistan on how agriculture (major user of water) policies have been rationalized to add 
value in agriculture for a unit of water.  Agriculture using larger share of water, supports the argument that 
water shortage solutions lies in a drastic shift in agriculture policy. The region has also  done well,  to 
improve the inter and intra allocative efficiency of water use with Israel and Morocco being the leaders but 
a number of countries reforms still lack appropriate  water governance structures.  The prioritized water 
policy issues include climate change, unsustainable groundwater mining, and low cost recovery/pricing that 
meets the financial and economic targets. The key message is that with limited scope  for pricing as a  tool 
to save water,   one feasible options is to  set targets for  water withdrawal in agriculture sector, at the same 
time increase productive and allocative efficiency of water use in agriculture. The policy options to manage 
groundwater may range from quotas to promoting participatory approach piloted in India which resulted in 
win-win outcome changing the cropping patterns, enhancing farmer’s income and most importantly 
achieved the main objectives of bringing groundwater use close to sustainable levels. The report also 
argues that future of non-conventional  water availability lies in hybrid  source where  it would  combine 
renewable energy sources with fossil fuel  for desalination offering huge potential  especially for MENA 
region, but more so for South Asia where cost reduction and environmental issues are a lot more important. 
Finally using cost curve approach, the paper highlights that demand management options can save sizable 
amount of water at least cost, a win-win scenario given budgetary constraint faced by many countries of 
the region.  

Keywords: Allocative Efficiency, Demand Management, Water Markets, Participatory Approach 

 

Chenopodium quinoa, 10 years after its introduction in Rhamna Region 

Mhada M. 1, Choukrallah R. 2, Sbaii A. 2, Hirich A. 3 and El Gharouss M. 1 

1 Mohamed VI Polytechnic University, Ben Guerir, Morocco 

2 Hassan II Institute of Agronomy and Veterinary Medicine, Rabat, Morocco 

3 International Center for Biosaline Agriculture, Dubai, UAE 

Abstract 

Mohammed VI Polytechnic University in Morocco in collaboration with the International Center for Biosaline 
Agriculture, with financial support of the International Development and Research Center, have recently 
intensified their efforts to upgrade and scale-up quinoa value chain to improve food and nutritional security 
in the rural communities in Morocco. 

A field survuey was performed interviewing about 500 farmers of Rhamna region to understand the current 
farming practices, to identify problems facing farmers and determine the drivers of adoption or rejection of 
quinoa as an alternative crop. Interviews were conducted in an informal manner using an interview guide 
consisting primarily of open-ended questions then specific questions related to quinoa for farmers who are 
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already cultivating quinoa to evaluate its value chain since they first introduced quinoa in 2008. Surveyors 
were accompanied by socioeconomic expert and extension agents (from ONCA). 

The results of this study indicate that the expected profitability and the farmer’s know-how are the main 
drivers and strongly influence adoption or rejection decisions. This study aims to track adoption of new 
crops like quinoa to determine key factors which were influencing its adoption.  

The paper is concluded with recommendations for the development of quinoa program for a high local 
impact on revenue and health. Breeding short duration varieties with stable yield levels under varying 
weather, organizing seed multiplication and dissemination in villages and organizing farmers to facilitate 
their product marketing, are the major suggestions. 

Keywords: irrigation, yield, value chain, Rehamna, quinoa adoption 

 

Technical Session 2.3: Reuse of wastewater 

Assessing the chemical/microbiological contamination and productivity in 

the agricultural production chain of model fruit species grown under 

irrigation with different kinds of reclaimed wastewater 

Del Bubba M.  1, Bruzzoniti M.C  2, Coppini E.  3, Ouazzani N.  4, Mandi L. 5, Al-Karablieh E.  
6, Kettab A. 7 and Boujelben N. 8 

1 Department of Chemistry, University of Florence, Florence, Italy 

2  Department of Chemistry, University of Turin, Turin, Italy 

3 GIDA S.p.A., Prato, Italy 

4 Laboratory of Hydrobiology, Ecotoxicology and Sanitation, University of Cadi Ayyad, Marrakech, Morocco 

5 National Center for Research and Studies on Water and Energy, University of Cadi Ayyad Marrakech, Morocco 

6  Department of Agricultural Economics and Agribusiness Management. School of Agriculture, The University of Jordan, Amman, 
Jordan 

7  Research Laboratory of Water Sciences, Polytechnic National School, Algiers, Algeria 

8 Energy and Environment, National Engineering School Sfax (ENIS), Sfax, Tunisia 

Abstract 

Due to the shortage of fresh water (FW) resources, the reuse of municipal or mixed industrial wastewater 
for irrigation could be an efficient tool of reducing water shortage. Water quality affects economic well-being 
through its impact on productivity and profitability of agriculture. EU funded the IRRIGATIO project through 
ERANETMED call to support a techno-economic optimization of wastewater treatment lines and their 
management in order to produce TW compatible with agriculture irrigation practices. This project deals with 
the reuse of treated wastewater (TW) for irrigation purposes of selected crops to assess vulnerability to 
chemical and microbiological contamination from different kinds of treated wastewater. The TWs were used 
for the irrigation of model plants in field-scale and/or mesocosms and/or in pots, with cultivations irrigated 
with FW as controls. The olive and strawberry were chosen considering their economic values in the partner 
countries. Chemical and microbiological contamination indicators were monitored along the whole 
agricultural production chain (water, soil and food) in order to unequivocally assess the impact of the 
wastewater reuse practice under a wide spectrum of experimental conditions. The partners involved in this 
objective have successfully accomplished the implementation of pilot plants devoted to the treatment of 
domestic and mixed urban-industrial wastewater. A number of basic soil quality parameters as well as 
selected microbiological indicators have been determined before and after irrigation, in order to assess 
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changes in soil fertility and pollution, eventually occurred. The monitoring of cultivated plants growth, 
development and fruit production and characteristics such as leaf number, plant height, length of the main 
stem, diameter of the stem, number of leaves and number of buds per plant, physiological parameters were 
also monitored such as net photosynthesis, stomatal conductance and chlorophyll rates. Socioeconomic 
research activities including social perception and farmer experience on TW reuse for irrigation, economic 
value of TW and health-related effects of waterborne diseases are investigated. The results shows that 
water quality received by farmers, type of cultivated crops, educational level, irrigation system, property 
right are likely to be the major determinants for the acceptance to use TW. Water value of based on net 
profitability drawn from farmers filed showed that the TW for main crops yielded higher profitability 
compared with traditional irrigation water. The impact of TW reuse on human health were investigated by 
the incidence of diarrheal diseases in farmers community using TW compared with those using FW water 
for irrigation. Results shows significant differences between two communities. The results obtained from 
this project is very helpful for suggestion and supporting the appropriate policies for irrigation water.  

Keywords: Advanced Wastewater Treatment Technologies; Soil and Water Quality, Chemical and 
Microbiological Contamination, Agricultural Production Chain; Health impact of Reused Treated Water 

 

Particle Facilitated Pollutant Transport in Rivers 

Grathwohl Peter , Rügner Hermann , Schwientek Marc  and Nasrabadi Touraij  

University of Tübingen, Center for Applied Geoscience, Denmark 

Abstract 

Rivers transport many potentially toxic metal species and organic pollutants either in dissolved or particulate 
form. Especially during precipitation events after long droughts rivers carry large amounts of suspended 
sediments and thus pollutant loads associated with particles are very high (Rügner et al., 2014). For particle 
associated pollutants linear relationships between bulk concentrations in water (CW,tot) and total 
suspended solids (TSS) can be expected (e.g. Nasrabadi et al., 2016) which allow easily to evaluate 
dissolved (CW, intercept) and particle-bound pollutant fluxes (CSUS, slope) in streams (CW,tot = CW + 
CSUS TSS). In Globaqua repeated sampling campaigns have been performed (between 2013 and 2016) 
in catchments with differences in geology, geochemistry, land use, climate and hydrological characteristics 
(Rügner et al., 2019). For each catchment, particle-bound and dissolved concentrations for a suite of 
pollutants in water were calculated based on linear regressions of total suspended solids and total metal 
concentrations. Earlier studies showed that results are well replicable during sampling campaigns in 
different years and seasons (Nasrabadi et al., 2018); moreover, field finding could be even reproduced in 
laboratory sedimentation experiments (Rügner et al., 2014). 

Pollution loads on particles are either geogenic or catchment specific and reflect urban pressure per 
sediment yield per catchment (Schwientek et al., 2013, 2017). 

 

Characterization of scale deposits formed from reclaimed wastewater used 

for irrigation and study of clogging control using continuous aeration 

Benlouali H. 1, Karmal I. 2, Harrouni M.C. 1, Fallah M. 2, Hamdani M. 2 and Choukrallah R. 1 

1 Hassan II Institute of Agronomyand Veterinary Medicine, Agadir, Morocco 

2 Ibn Zohr University, Faculty of science, Agadir, Morroco 

Abstract 
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In Agadir, wastewater is treated and reused for the irrigation of a golf course. The reclaimed wastewater 
(RWW) physico-chemical quality is characterized by a high content of soluble salts, which leads to a brown 
scale formation that clogs the irrigation system in the golf course. On one hand, clogging of sprinklers 
decreases the uniformity and efficiency of irrigation and leads to either excessive or deficient water supplies, 
influencing thus, plant wealth. On the other hand, it induces supplementary costs for managing the clogged 
sprinklers and treating the irrigation water with acids. The objectives of this study were : (1) Characterization 
of the RWW and its clogging tendency; (2) characterization of the clogging matter; (3) evaluation of the 
effect of continuous aeration during 30 days using fine pore diffusers with different airflows (0 L/min, 5.5 
L/min and 11 L/min) on the quality of RWW and the precipitation of the clogging matter. The reference 
RWW was analyzed for its physico-chemical parameters. The structure and morphology of the clogging 
substrate were analyzed using X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM). To 
conduct the tests, plots of 20 liters each were collected directly from the delivery pipeline andpoured into 
uncovered recipients. Each recipient was supplied with 0, 1 or 2 ceramic fine pore diffusers, providing each 
5.5 L(air)/min. Samples were analyzed before the beginning of the experimentation and then, at 15 days 
intervals. The results showed that an airflow of 5.5 l/min during 15 days was the best treatment regarding 
its effect on RWW as well as efficiency and energy costs. This treatment reduced bicarbonates and calcium 
respectively by 53% and 9%, allowing therate of bicarbonates to be below the regulationsset by Food and 
Agriculture Organization(FAO). The results confirmed the positive effects of aeration on reducing scale 
formation risks and enhancing water quality. It can be thus, used as a supplementary treatment to expand 
RWW reuse in Agadir city.  

Keywords: Aeration, Agadir, Bicarbonates, Clogging, Irrigation, Reclaimed wastewater, Scale 

 

Assessing the health risks associated with reuse of wastewater for irrigation  
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3 Department of Plant Protection. School of Agriculture, The University of Jordan, Amman, Jordan 

Abstract 

To compensate shortages in fresh surface water (FW), Treated wastewater (TW) is becoming the main 
water resource in the Jordan Valley, where over 90% of wastewater is used for irrigation, providing about 
22% of total irrigation water. The. TW discharged to Zarqa River blended with natural stream flow and floods 
in winter ends in King Talal Dam (KTD). Water from KTD is released to King Abdullah Canal (KAC) where 
it is mixed again with fresh water and is used for unrestricted irrigation in Middle and Southern Districts of 
Jordan Valley. JVA is planning in the near future to use TW for the irrigation in the Northern Jordan Valley, 
which is currently irrigate with fresh surface water from Yarmouk and other side wadies. The purpose of 
this research is to investigation the morbidity status of dwellers living in the areas irrigated with TW in 
comparison with those using FW and examine the health-related effects due to TW reuse (e.g. diarrhoea, 
hepatitis and typhoid fever). The ministry of health information system was used disaggregated by health 
care centers. A multivariate statistical analyses were used to compare between communities used blended 
TW compared with communities used surface water for irrigation. The analysis shows significant risk factors 
associated with diarrhea surveillance were found. Communities used blended TW have three folds diarrhea 
surveillance compared with FW. Diarrhea incident rate is 18.9 per 1000 of the entire population, in the 
vulnerable areas of MJV and SJV the incidence is 45.8 and 61.5 per 1000 of the population. The available 
evidence shows that possible occupational health risks of wastewater and irrigation management practices 
include diarrhea, skin infection, parasitic infection and bacterial infection. Comparison the bacterial 
population found in different type of irrigation water revealed the surface water has higher bacterial 
population, mainly with E. coli population, followed by blended water, than treated wastewater and fresh 
water which might be related to the chlorination step in processing of treated wastewater and fresh water. 
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The historical evolution of diarrheal incidence shows negative trends by time, but increased with increasing 
temperatures and drought periods. Diarrheal surveillance are negatively correlated with water consumption, 
the highest diarrheal surveillance was in the months of August, September and October and the lowest in 
January and February. Community members can be at risk for adverse health outcomes through direct 
contact of TW and consuming contaminated fresh vegetables, or fruits. Results suggested that practices of 
wastewater treatment at treatment plant is acceptable but the contamination are occurred after discharge 
from treatment plant into the environment and in watercourses. The direct use of treated wastewater may 
be harmful to human health, particularly farmer’s health. These findings suggest that more studies on 
identifying, quantitatively assessing, and mitigating health risks are needed if sustainable benefits are to be 
obtained from wastewater in agriculture in JV.  

Keywords: environmental health, public health, risk assessment, treated wastewater reuse, diarrhea 
surveillance 

 

Side Event of FAO WASAG: The Global Framework on Water 

Scarcity in Agriculture. 

The FAO Regional Water Scarcity Initiative for the Near East and North 

Africa: The urgent need for planning strategically water resources allocation, 

reviewing water, food security and energy strategies 

Chenini Faycel  

Senior Water Expert, Food and Agriculture Organization of the United Nations, Egypt 

Abstract 

In the Near East and North Africa (NENA) region, already naturally exposed to chronic shortage of water, 
countries need to cope with one of their most striking challenges: the pursuit of food and water security for 
sustainable social and economic development, under an unprecedented severe escalation of water 
scarcity. Demographic growth, tendency to increase food self-sufficiency to reduce vulnerability to import 
and price volatility, urbanization expansion, energy demand and overall socio-economic development, 
further exacerbated by the negative impacts of climate change and the considerable degradation of water 
quality, are key factors driving such a scarcity. 

Agriculture, which consumes already more than 85% of available fresh water resources, will face strong 
challenges in keeping the same water allocation while sustaining food security and rural economy. 
Countries in the region need to plan strategically their water resources allocation, review their water, food 
security and energy strategies to ensure that they are aligned with the imperatives of: (i) setting the 
sustainable limits of water consumption and (ii) making the best use of each single drop of water. 

Furthermore, there is an alarming trend observed over last decades showing that the NENA Region is 
experiencing more frequent, intense and long droughts. Productivity of agricultural systems is threatened 
along with increase of land degradation and desertification, augmented severity of sand storms and overall 
decline of livelihood. To properly cope with drought impacts and imperatives it is require to put in place an 
effective monitoring and early warning systems to deliver timely information to decision-makers, reliable 
vulnerability profiling and impact assessment procedures, pro-active drought risk management measures 
and preparedness plans. 

To identify evidence-based good-practices, measures and interventions to enhance agricultural water 
management performance, particularly its water productivity, it is necessary to benchmark and monitoring 
consumption and productivity of water used by the different agricultural systems, including groundwater. A 
modern and effective monitoring system, which includes drought, and that takes advantage of latest 
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development in space technology (largely based on, but not limited to, remote sensing) will serve the 
purpose. Through this approach, Countries would enhance their capacity in rapidly analyzing water 
accounting, gaps on large scale of Agricultural water management performance and of incipient drought, 
and identify sustainable solutions for investment planning, management enhancement and drought 
preparedness 

The Regional Initiative on Water Scarcity launched in 2013, has established a Regional Collaborative 
Platform addressing specifically ‘water consumption’ (and accounting), ‘crop water productivity’ and 
‘drought management’ so that countries from the Region can exchange experience and lessons learnt and 
to mobilize advanced knowledge and technology from centers of excellence to enhance their capacity to 
deal with sustainable agriculture water management. 

 

Plenary session 2: Integrated water management. 

Integrated Water Management - Data Challenges & Modelling Issues 

Ouazar Driss  

University Mohammed VI Polytechnic, Water Research@UM6P, Lot 660 Hay Moulay Rachid, 43150 Benguerir, Morocco 

Abstract 

Water resources involve complex processes and therefore multidisciplinary aspects including socio- 
economical and cultural aspects. Data is the key point, from access to weather predictions, real-time sensor 
data, topography to information about asset hydraulic infrastructures history. Such a knowledge used in 
conjunction with water system simulation models will save costs while preventing flooding, improve the 
containment of water during dry periods, and prevent damage to agriculture. 

Water resources problems are featured by a huge volume of collected, observed and monitored data, of 
historical nature, involve stochastic aspects, multi-sources heterogeneous data, multi-scale multi-models, 
heterogeneous data resulting from various sophisticated numerical and simulation models, and spatial 
dimension used in conjunction with remote sensing and geographic information systems. 

This makes them complex systems to deal with, both in case of water as a good or as a risk. The operator’s 
objectives are to deliver enough water with a reasonable quality satisfying some standards, or to prevent 
and/or avoid a catastrophic event related to floods and/or droughts, through hydraulic infrastructures 
designed for such purposes or strategic planning. An overview of such complex systems with emphasis on 
water issues, data aspects, modelling issues, uncertainty concepts (Data/Big Data, Models, Knowledge), 
and integration aspects. A special emphasis will be put on floods and droughts in Morocco.  

 

Integrated scenarios for water resources management– perspectives from 

the GLOBAQUA project 

García Verena Huber , Vrzel Janja , Gampe David  and Ludwig Ralf 

Dept. of Geography, Ludwig-Maximilians-Universität München, Munich, Germany 

Abstract 

Water and water-related services are major components of the human wellbeing, and as such are major 
factors of socio-eco¬nomic development; yet freshwater systems are under threat by a variety of stressors, 
including climate and land use change. Water scarcity is one of the most important drivers of change and 
is commonly associated with inappropriate water management and resulting river flow reductions. The 
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conjoint occurrence of multiple stressors under water scarcity will produce novel synergies and most likely 
very pro¬nounced effects onfresh¬water ecosystems 

Within the scope of the GLOBAQUA project the effects of multiple stressors on aquatic ecosystems in 
selected river basins across Europe with a focus on areas suffering from water scarcity are analyzed. In 
addition, management strategies are improved and adapted with the aim of inhibiting adverse effects on 
aquatic ecosystems and ensuring the supply with water for all purposes in the study areas also in the future. 
In this context,land use and land cover as well as climatological conditions can be seen as two main 
stressors for the quality and quantity of surface and subsurface water. These factors considerably affect 
the use and availability of water, especially in regions which already experience water scarcity. To assess 
future conditions, spatially distributed, integrated scenarios to drive various impact models are inevitable. 
These simulations then assess future conditions of aquatic ecosystems, both in water quality and 
quantity,and provide decision support. 

The presentation illustrates some lessons learned within GLOBAQUA, emphasizing on a) the interactions 
of land cover and land use change with water resources management under climate and socioeconomic 
change for the Ebro basin and b) assessing the impacts of surface-subsurface interactions on groundwater 
behavior of an alluvial aquifer in the Sava basin (Ljubljanskopolje, Slovenia). In both cases, projections of 
future climate conditions originate from the simulations provided through the EURO-CORDEX project. After 
a thorough investigation of available simulations and an estimation of the uncertainty envelope, a small 
subset of models was downscaled to better represent the regional conditions and provide the climate forcing 
for the two selected case studies. 

Case A – Ebro: Amodeling framework is set up to develop integrated scenarios of changes in climate, land 
use and water management. These scenarios are based on storylines around various Representative 
Concentration Pathways (RCPs) and Shared Socio-economic Pathways (SSPs)(IPCC, 2014),which are 
downscaled to the basin scale in collaboration with project partners and local experts. The impacts of the 
SSPs are represented in spatially distributed land use maps developed through the land use change model 
iCLUE (Conversion of Land Use and its Effects). Changes in land use distribution and water management 
are taken into account to produce maps of future water demand and availability, highlighting regions in 
which water scarcity is likely pronounced or critical in the future. 

Case B – Sava (Ljubljanskopolje): A comprehensive modelling framework is developed, which consists of 
the direct/indirect communication between FEFLOW 6.2 and WaSiM/MIKE 11. MIKE 11 and WaSiM were 
used to model the river dynamics and percolation of local precipitation, respectively, which are important 
boundary conditions for simulating transient groundwater flow in a sensitive aquifer. The hydrological 
modelling framework was applied for simulating hydrological conditions during the period 2036-2065. The 
study was on the ~71 km2 Ljubljanskopolje aquifer (Slovenia); which represents a highly sensitive 
hydrological system in relation to surface-groundwater interactions, shows that the Ljubljanskopolje will not 
suffer from water scarcity during the period 2036-2065. 

The presentation closes with a critical reflection on the usefulness, applicability and regional transferability 
of the presented modeling frameworks. It discusses the implications on regional water resources 
management under water scarcity and climate change, and reflects upon the potential and limitations of 
such data and methodsto support policy on regional and decision making on local levels. 

Keywords: GLOBAQUA; integrated scenarios; water scarcity; climate change; land use change; 
groundwater; water resources management 
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Towards an integrated water resources use: assessing water productivity in 

crop/livestock farms with an emphasis on water origin (rainfall, surface, 

groundwater and virtual water) 

Sraïri Mohamed Taher  and Assis Lamya 

Hassan II Agronomy and Veterinary Medicine Institute, School of Agronomy, Rabat, Morocco 

Abstract 

The water productivity concept has recently been promoted to assess in situ water uses by farming 
activities. In the present study, the main assumption is that in crop/livestock farms, diverse sources of water 
(rainfall, surface water and/or groundwater, as well as virtual water - i.e. purchases of goods that have 
needed water elsewhere -) are used by farmers to achieve their production goals. This is particularly true 
in semi-arid areas where rainfall is limited (less than 600 mm per year) with a long dry season imposing 
irrigation for several crops. As a consequence, risks of groundwater depletion may increase. A study was 
therefore conducted in the Saïss area (North East Morocco) in four farms to establish references with 
regards to water volumes used, their origin and the profitability they allow. The research necessitated a 
farm follow-up protocol with monthly visits to get reliable data about water and inputs’ uses and products’ 
sales. The results clearly demonstrate that orchards and summer vegetables contribute to groundwater 
depletion, and their profitability is erratic due to farm gate prices volatility. At the opposite, autumn cereals 
and pulses, as well as livestock products, depend mainly on rainfall. Altogether, the results imply that in 
semi-arid areas, additional attention should be devoted to the sustainability of water uses, and the 
integration of water of several origins is urgently needed, with a priority to rainfall in the water mix, to avoid 
farming activities collapse due to water scarcity, which will be exacerbated with predicted climate change 
effects.   

Keywords: crop/livestock farms, Morocco, profitability, water productivity 

 

Water Productivity: Integrated approach of Sectoral and Footprint Water 

Management 

Debbagh Abdelhafid 1 and Bouabdellaoui Yahia 2 

1 Vice President, ICID; Professor of Higher Education, Adviser to the President of “Université Internationale de Rabat”, Rabat, Morocco 

2 Institute of Agronomy and Veterinary Medicine, Rabat, Morocco 

Abstract 

Water productivity which in simplistic terms is referred to as ‘crop production’ per unit ‘amount of water 
used’ focuses on ‘producing more food with the same amount of water resources’ or ‘producing the same 
amount of food with less water resources’. Water productivity gains in agriculture can secure water 
resources for other uses including for ecosystem services.  

Integrated land and water management at the watershed scale is key to improving the water productivity 
and enabling sustainable water resource management. Classical sectoral water management methods 
have proven to be efficient for improving irrigation performance and increase water productivity for different 
crops.  

The use of the Water Footprint indicator has shown to be efficient for better water management in irrigated 
areas. This method is making a good progress in research field while its generalization by water managers 
requires important extension efforts.  
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The present paper aims at describing the approaches used at improving sustainable water productivity at 
the watershed basin; namely the sectoral water management method and footprint water management 
approach. Four major axes will be developed in this presentation:  

1. The first part will be devoted to the state of the art in the use of these approaches; this part will give 
a summary of the scientific and practical uses of the two approaches worldwide; 

2. The second component of this paper will give a status of water management and uses during the 
last decades in Morocco; major challenges and critical issues related to water scarcity and quality, mainly 
in large irrigated basins, will be discussed; 

3. The conceptual approach of the use water footprint assessment in irrigated water basin will be 
presented; a proposed field demonstration project with a real application will be described in its 
comprehensive manner;  

4. The last part will give the major conclusions and perspectives of potential improvements in water 
productivity as a result of these new approaches uses, on one hand, and, on the other, the conditions that 
should be satisfied for their success in the overall water management at a basin level. 

Keywords: Water, Management, Footprint, Irrigation 

 

Plenary Session 3: Good fertilization practices to improve water 

productivity 

Fertigation as a tool for precision fertilization and irrigation management  

Rusan Munir J. Mohammad  

Faculty of Agriculture; Jordan University of Science and Technology, PO Box 3030; Irbid-Jordan 

Abstract 

Mismanagement of agricultural activities can pollute surface and ground water resources. Potential 
agricultural pollutants include agricultural chemicals, which can be accumulated in water resources. 
Implementing Best Management Practices (BMPs) can maximize the agronomic benefits of fertilizer use 
while minimizing the potential adverse effect on natural resources and environment. Therefore, water and 
fertilizer must be managed efficiently to optimize and sustain crop production system and protect the 
environment. Fertigation, which is the application of nutrients through irrigation water provide a powerful 
and efficient tool to optimize the use efficiency of both water and nutrients and can be a tool for precise 
fertilization and irrigation. Therefore, fertigation became an attractive method of fertilization for the farmers 
in today's modern irrigated agriculture and key-factor in today's intensive irrigated agriculture. With 
fertigation, the rate, time and placement of fertilizers application are fully controlled and therefore, fertilizer 
and water use efficiency are enhanced. The adoption of the 4R Nutrient Stewardship approach in 
fertigation, that implies the application of the right source of nutrient and its application at the right rate in 
the right time and in the right place will maximize the crop yield and minimize any adverse impact on the 
environment. The implementation of the 4R concept will minimize the losses of nutrients through leaching 
and/or runoff and thus protecting the water resource from contamination. 

Keywords: Fertigation, Water use efficiency, Nutrient use efficiency, Crop yield 
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Technical session 3.1: Technological developments for sustainable 

management of limited water resources. 

 

Participative Valuation of ecosystem services of aquatic ecosystems under 

water scarcity – a methodological framework to test stakeholders’ 

perspective and Programme of measures across 6 River basin in Europe. 

Updates on the questionnaire-based survey in GLOBAQUA River Basins 

Rault Philippe Ker 1, Gerristen Merle 2 and Froebrich Jochen 2  

1 Deltares, Water & Delta Management, Delft, Netherlands  

2 Wageningen Environmental Research, Water & Food, Wageningen Netherlands 

Abstract 

The quality of freshwater ecosystems in Europe is threatened by the impact of a combination of multiple 
stressors. These stressors are, among others: climate change, drought, floods, land use, urban growth, 
water abstraction, invasive species, pathogens and pollutants. Nature provides us with services that support 
our society and economy, such as wood and other products from forests and rivers, purification of air and 
water, but also contributes to our well-being with access to nice areas, water sports, and cultural identity. 
These services are called “ecosystem services”.  

Policies to protect these ecosystem services and to enable the development of economic growth are 
needed. The main question Globaqua contribute to address is “What are citizens’ perceptions of ES values 
and the acceptability of programmes of measures within 6 river basins in Europe?” 

This survey focuses on the opinion of citizens in Europe. The survey gathers the perception of local citizens 
on the value and importance of their natural environment. Specifically, we assess the opinion about the 
local impact of climate change and effect of pollution on freshwater ecosystem. Usually valuation of 
ecosystem services is done in financial terms only. The purpose of this research is to add a social dimension 
to valuation and the importance of ecosystem services. Our approach enables us to present decision-
makers with a more accurate and comprehensive understanding of the importance and value of nature.  

This survey is the follow-up of a participative workshop carried out in 2016 with experts in water 
management and stakeholders in the Sava river basin. The questionnaire is designed according to the 
results from this consultation. 

The questionnaire has 5 parts: 

Part A is about General information 

Part B is about Environmental and Water management 

Part C is about Ecosystem Services 

Part D is about the Impact of Climate Change 

Part E is about Measures to Protect Ecosystems. 

The Survey was distributed on the 2nd of May 2018 and closed by the 1st of June for Adige, Ebro, Evrotas, 
Sava-Slovenia (English), Sava Croatian (Croatian), and Anglian. Sava-Serbia (Serbian) and Souss Massa 
are closed by June 14th. 

The combined total of responses to all 8 survey iterations is 620 registered responses.  
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Improving water use efficiency for sustainable crop production in sub-

Saharan Africa 

Qureshi A.S. 1, Traore A. 2, Madiama C. 3, Dembele D. 4 and Mebrouk H. 5 

1 International Center for Biosaline Institute, Dubai, UAE. 

2 Institute for Environmental and Agricultural Research, Burkina Faso. 

3 Institute for Agricultural Research (ISRA), Saint-Louis, Senegal. 

4 Institute of Rural Development, Bemako, Mali. 

5 Center for Agricultural Research and Development, Kaedi, Mauritania. 

Abstract 

In Sub-Saharan Africa (SSA), access to irrigation water is a dividing line between poverty and well-being. 
Increasing access to irrigation water could contribute to the alleviation of poverty and improvement in food 
security in this region. Furthermore, applied amount of irrigation water for irrigation is much higher than the 
actual amount of water required for a particular crop. This clearly suggests that farmers need to be educated 
on how to apply the right amount of water at the right time. In this study, a new irrigation technology was 
introduced to smallholder farmers of Burkina Faso, Mali, Mauritania, and Senegal to improve water use 
efficiency and agricultural productivity in these countries. The performance of newly introduced Californian 
system was compared with the traditional Bucket or manual irrigation method in terms of crop yield, water 
use, and water and economic productivities. The results indicate that the The data collected from four SSA 
countries reveals that Californian irrigation system saves up to 25% of irrigation water and produce up to 
20% more crop yields compared to traditional bucket method commonly used in these countries. The water 
and economic productivity of Californian system is more than double than that of bucket method. The cost 
of installing Californian system ranges from US$ 600-1000 per ha compared to US$ 2000-4000 per ha for 
drip irrigation system in these countries. Furthermore, Californian system is more suited to poorly level 
agricultural fields and coarse soil types. For these reasons, farmers prefer this system over drip and 
sprinkler systems. Analysis of socio-economic data reveals that despite these advantages, large scale 
adoption of this technology is constrained by multiple factors. More than 77% of the farmers consider lack 
of funds as the major bottleneck in the adoption of this technology. Farmers suggest that better access to 
credit facilities through government and NGOs can help a great deal in the adoption of this technology by 
smallholder farmers. For long-term sustainability, reduction in cost of pumps and other equipment through 
local manufacturing would be inevitable. To reduce the operational cost (40% of the operational cost is 
spent to run diesel pumps), solar pumps may be introduced. The solar energy will not only run their irrigation 
pumps but also provide energy to their houses for other purposes. Farmers also need to be trained in the 
maintenance of these systems to cut down costs. Therefore, more concerted efforts are needed to make 
these technologies affordable for smallholder farmers. 

Keywords: small-scale irrigation, water scarcity, water productivity, economic productivity, Californian 
irrigation system, bucket method  
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Assessing the microbiological contamination and productivity fruit model 

species grown under irrigation with different kinds of irrigation water 

Al-Karablieh N. 1, Al-Karablieh E. 2 and Al-Jaghbir M. 3  

1 Department of Plant Protection. School of Agriculture, The University of Jordan, Amman, Jordan 

2 Department of Agricultural Economics and Agribusiness Management. School of Agriculture, The University of Jordan, Amman, 
Jordan 

3 Department of Family and Community Medicine. School of Medicine, The University of Jordan, Amman, Jordan 

Abstract 

The use of treated wastewater in agriculture is a common practice in Jordan; however, concerns remain 
about the potential public health risks of this practice.The objective is assessing the microbial contamination 
of the selected plant species irrigated withtreated wastewatercomparablewith common irrigation practices. 
Four type of irrigation water were used to irrigate fruit model species from different sources mainly surface 
water, treated wastewater, blended water and domestic water. The olive and strawberry were chosen 
considering their importance and economic values in the country. Strawberry cultivar CAMAROSA, 
obtained from certified source ready to be transplanted for growing, 80 plants (4 treatments each one 
consisting of 20 plants) for each water treatment (including control) are transplanted into 10 liter plastic pots 
on individual plant. Similar to strawberry 80 seedling of improved Nabali olive cultivar were transplanted 
from MOA nurseries into individual pot with 15 liters in commercial substrate. Irrigation is followed the 
standards practice with drip irrigation. The plants monitored considering morphological (e.g. plant height 
and stem diameter), phenological (e.g. flowering and fruit maturation time), pomological (e.g. fruit size and 
colour), sensorial and productive aspects (e.g. total fruit biomass). Microbiological analysis of fecal, 
pathogen and helminthic contamination indicators performed on homogenate food samples according to 
official standard methods.Microbiological contamination indicators were monitored along the agricultural 
production chain (water, soil and food) in order to unequivocally assess the impact of the wastewater reuse 
practice under a wide spectrum of experimental conditions. Faecal (e.g. Escherichia coli and Enterococci), 
pathogen (e.g. Salmonella, Pseudomonassp. andStaphylococcussp.) and helminthic contamination 
indicatorswere monitored. Measurements of strawberry seedlings indicate that the blended water has worst 
influence on the used plant growth parameters followed by surface water. Unexpectedly, the treated 
wastewater has similar influence on the plant growth parameters as fresh water. Comparison the bacterial 
population found in different type of water revealed the surface water has higher bacterial population, mainly 
with E. coli population, followed by blended water, than treated wastewater and fresh water which might be 
related to the chlorination step in processing of treated wastewater and fresh water. The bacterial 
populations on olive and strawberry plants have similar trends regarding the used water for irrigation, where 
the seedlings treated with blended water have more bacterial population, followed by surface water, treated 
and finally, fresh water. Chemical characterization of strawberry juice shows a higher concentration of Zn 
in strawberry irrigated with treated wastewater compared to other type of irrigation water.In fact, the water 
taken from KTD has high microbial contents, heavy metals, sodium adsorption ratios (SAR) and a salinity 
of around 2000 mg/l. 

Keywords: microbial contamination, health risks; Jordan Valley, wastewater management, wastewater 
reuse 

 

Sustainable Irrigated Crop Production through increased water used 

efficiency: Nigeria’s Experience with Participatory Irrigation Management 

(PIM) Concept 

Othman Mohammed. K.  

National Agricultural Extension and research Liaison Services, Nigeria. 



International Conference on Managing Water Scarcity in River Basins: Innovation and Sustainable Development 
 4-6 October 2018, Agadir, Morocco 

Book of abstracts  Page | 35  

 

Abstract 

Nigeria’s cropping systems are predominantly rain-fed. In the 1970s, the Federal government constructed, 
and shouldered the costs of operation and maintenance of, 62 medium and large irrigation schemes under 
12 River Basins Development Authorities (RBDAs) across the country to boost crop production through 
irrigation. The declining performance of the constructed public irrigation schemes lead to the Review of 
Public Sector Irrigation in Nigeria (ROPISIN), conducted by the Federal Ministry of Agriculture and Water 
Resources (FMAWR) and Food and Agriculture Organization (FAO) which revealed that despite huge 
investment, the public irrigation sector in Nigeria accounted for only 13% of the irrigated area due largely 
to poor O and M, unreliable water delivery, as well as technical deficiencies in the infrastructure. The 
Participatory Irrigation Management (PIM) concept, which revolved around bringing farmers to participate 
in system operation and maintenance as well as cost sharing in renovation of decayed infrastructure aimed 
at sustaining crops production and increasing productivity was adopted. PIM was implemented in 12 pilot 
schemes between 2010 and 2012. This paper reports the experience of Nigeria in the adoption of PIM 
approach to address the challenges faced in managing public irrigation schemes. The derived benefits were 
numerous; increased irrigation efficiency that resulted in increased productivity as well as higher incomes 
for farm families; reduced cost of operation and maintenance, as well as increased in cropping areas for 
the RBDAs; and more food production from the schemes for the country. Noteworthy among the challenges 
faced were that farmers’ capacity building took longer time than envisaged, while sourcing for improved 
technologies required technical skills that were sometimes expensive. 

Technical Session 3.2: irrigation management and water quality. 

Micro irrigation biofouling with treated wastewater: Influence of 

hydrodynamic conditions on the structure and microbial communities of 

biofilms 

Lequette K. 1, Ait-Mouheb N. 2 and Wery N. 1 

1 INRA/LBE, Narbonne, France 

2 IRSTEA,UMR G-EAU, Montpellier, France 

Abstract 

Biofilm formation is a major factor in the fouling of microirrigation systems using treated wastewater. Dripper 
clogging is significantly related to the flow characteristics but little is known about the effect of this factor on 
the biofilm development in the reuse context. Moreover, the microbial community of these biofilms is 
unknown and sanitary questions appear. In order to understand the biofouling phenomenon, hydrodynamic 
effects must be analyzed. 

A microirrigation system at lab scale have been set up with drippers (1, 2 and 4 L.h-1), which were fed by 
treated wastewater. The evolution of biofilms was characterized by Optical tomography coherence (OCT) 
and microbiological analysis (qPCR & MiSeq Illumina) to determine the kinetics of development and 
possible pathogen accumulations. The biofilm growth was delayed with the increase of the flow rate and 
biofilms appeared mainly in swirl zones of first baffles where the velocity is lower. The density of biofilms in 
drippers 2 and 4 L.h-1 appeared higher and a stratification of biofilms appeared with time. Microbial analysis 
and Escherichia coli quantification will be realized to explore the microorganisms responsible for biofilm 
formation and the pathogen risk in a case of detachment. 

Keywords: Bacterial communities, Biofouling, OCT, Pathogen, Microirrigation, Treated wastewater reuse 
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How to master emerging contaminants identity and release in the 

environment for a better risk assessment? 

Souissi Yasmine 1 2  and Cherif Ameur 1 
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2 Univ. Carthage, ISSTE, Technopôle de Borj-Cedria, BP-1003, Hammam-Lif 2050, Tunisia 

Abstract 

The contamination of the aquatic environment by anthropogenic compounds is enhancing a growing 
concern all over the world. A significant number of emerging pollutants (EPs) resulting from divers biotic 
and abiotic transformation is reported. In this study, we present a strategy that enables the chemical and 
biological characterization of new classes of contaminants. Currently, the analysis techniques are focused 
on a certain class of compounds that does not allow an efficient risk assessment. The aim is also to 
establish a relationship between structural characterization of EPs and their associated activities. For that 
purpose, Mass Spectrometry (MS) coupled to chromatographic separation techniques have been proven 
to be unavoidable. Nevertheless, detecting transformation products at environmental trace levels requires 
selective and specific MS detection modes. Taking into account the fact that the targeted compounds are 
unknown, a mechanistic retrospective approach based on fragmentation mechanisms investigation, high 
resolution measurements, multiple stage chromatography/tandem mass spectrometry and isotopic labeling 
are adopted aiming their straight characterization. Once identified, the EPs are subjected to biological 
assays to evaluate their toxicological impact on the environment, human and wildlife.  

Keywords: Emerging contaminants, mass spectrometry, toxicological assays, risk assessment  

 

Étude de la qualité des eaux épurées et l’évaluation de leur impactà la suite 

de leur réutilisation pour l’irrigation. 

El Ouahmani Nadia 1, Bouchra Yacoubi 1, Lefrere Latifa 1 and Choukrallah Redouane 2 

1 Laboratoire Système Aquatique : milieu marin et continental, Université Ibn Zohr, faculté des sciences Agadir, département de 
biologie, Agadir, Morocco 

2 Laboratoire Environnemental-Horticulture, Institut Agronomique et Vétérinaire Hassan II, Agadir, Morocco 

Abstract 

La réutilisation des eaux usées épurées est une pratique répandue dans plusieurs pays méditerranéens et 
essentiellement dans les régions affectées par des pénuries de ressources en eau. Dans la région d’Agadir, 
si la station de traitement des eaux usées de M’Zar a permis le traitement des eaux usées de la ville et 
d’agglomérations avoisinantes, une partie des eaux usées traitées est réutilisée pour l’irrigation du Golf de 
l’Océan.  

L’objectif de notre étude est d’évaluer la qualité des eaux épurées de la station et l’impact de l’utilisation 
des eaux traitées dans l’irrigation du golf. 

Ainsi un suivi de la qualité physico-chimique et microbiologique des eaux épurées a été réalisé d’une 
manière bimensuelle au niveau du Golf de l’Océan sur des échantillons d’eau épurée, d’eau de l’arrosage, 
de gazon et du sol à différentes profondeurs. Il a concerné les caractéristiques physicochimiques (pH, 
température, conductivité et oxygène dissout) et bactériologiques par dénombrement des indicateurs de 
contamination fécale (Coliformes fécaux, les entérocoques fécaux) ainsi que les bactéries anaérobies 
(Clostridium). En parallèle, une recherche de certains éléments traces métalliques a été effectuée sur des 
échantillons du gazon et du sol.  
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Les premiers résultats obtenus montrent que les valeurs de pH d’EE1 et d’EE2 sont en généralproches de 
la neutralité. Quant aux températures des deux échantillons d’eaux (EE1 et EE2), elles varient entre 24 et 
27°C, tout enrestant inférieures à 35°C, considérée comme norme pour les eaux destinées à l’irrigation au 
Maroc. En ce qui concerne la conductivité, l’amplitude de variation de la conductivité est très importante 
(3500 à 4400μs/cm). Les valeurs les plus basses sont enregistrées pour l’EE1, alors que les valeurs les 
plus hautes sont enregistrées pour l’EE2. De ce fait, selon les normes marocaines, elles sont toutes 
supérieures à la valeur plafond qui est limitée en 3000μs/cm pour les eaux destinées à l’irrigation. Pour 
l’oxygène dissout, les valeurs sont très faibles et varient entre 0.6 et 1.9 ppm dans l’EE2 et de 0.2 jusqu’à 
1.8 ppm dans l’EE1. 

Enfin, les valeurs de DCO varient entre 22 mg/l et 46 mg/l ceux de la DBO varient entre 8mg/let 14mg/l. 

Pour la partie bactériologique, les analyses ont portées sur les Coliformes fécaux (Streptocoques fécaux 
et E. Coli) et Clostridium dans les eaux épurées, dans le gazon et dans le sol.La charge des Coliformes 
fécaux ne dépasse pas les 29 UFC/100ml pour les EE1, et 170UFC/100 ml pour l’EE2 ; ce qui est conforme 
à la norme (1000 UFC/100ml d’eau). Pour la charge des streptocoques fécaux, elle est nulle dans les deux 
échantillons EE1 et EE2.Par contre, l’analyse de l’EE1 révèle une charge en Clostridium de 0.60 jusqu'à 
0.69 Log10 (UFC/100ml).La charge en Salmonelle et vibrions reste faible. Concernantle gazon, il est 
toujours plus chargé en coliformes fécaux et SF que le sol.  

Keywords: Coliformes Fécaux (CF), Eau Épurée (EE1), Eaux Epurée d’Arrosage (EE2), Streptocoques 
Fécaux (SF), Demande chimique en oxygène (DOC), Demande Biologique en Oxygène (DBO) 

Technical session 3.3: Modelling as a tool for water management. 

Adaptation to Climate Change in MENA: Experiences from ICBA 

Zaaboul Rashyd  

International Center for Biosaline Agriculture, P. O. Box 14660, Dubai, UAE  

Abstract 

The Middle East and North Africa (MENA region) is one of the most water scarce regions in the world with 
countries ranked among the poorest in terms of volume of freshwater per capita. It is characterized by a 
large area of arid and hyper arid climate spanning from the Arabian Peninsula to the Grand desert in North 
Africa where rainfall exceeds rarely 100mm per year and temperatures during the summer season are very 
high (daily maximum temperature exceeding 40 degrees Celsius). These climate conditions combined with 
limited water and crop management systems ensure land and water resources are severely strained with 
growing desertification and salinization affecting many areas. 

Adaptation to climate change in MENA region is one of the options on which local governments and donors 
work together to ensure food security and sustain agricultural production while preserving natural resources 
for next generation. The International Center for Biosaline Agriculture (ICBA) combined modeling 
techniques, remote sensing data and field experiments on crops that are tolerant to drought and extreme 
saline conditions along with innovative water management techniques to offer cropping systems and 
irrigation packages adapted to current and future climate conditions in MENA, Central Asia, Sub-Sahara 
Africa and East Africa.  

ICBA has implemented many projects and participated in initiatives that aim to cope with adverse effects 
of climate change especially in the water and agriculture sectors in many areas of MENA, Central Asia, 
Sub-Sahara and East Africa regions. Country climate profile is first determined from observed global 
datasets and climate scenario projections are derived from regional downscaled climate data. ICBA in 
partnership with local research centers and stakeholders identify vulnerable areas to climate change to be 
targeted by specific adaptation actions. Almost all ICBA projects have explicitly or implicitly climate change 
adaptation component including cropping systems and water management techniques.  
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Hydrogeological modeling of the overexploitation of Souss-Chtouka 

groundwater resources under water scarcity conditions 
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Abstract 

Souss-Chtouka aquifer is the main source of water for Agricultural, industrial and urbanactivities in the 
region. However, the aquifer suffers from a high vulnerability to overexploitation and pollution problems. 
Thus,to better understand the problem ofresource over-exploitation by agricultural pumping, we proceed to 
the flow hydrologeological modeling by using MODFLOW/GMS7.1 code. The model developed is fitted in 
steady state then in transitory over the period 2003-2015. Once validated, we use the model to simulate 
the reactivity of the aquifer to several recharge and sampling conditions in order to evaluate the implications 
of certain predicted actions on the aquifer and, obviously, to help decision maker by given needed support 
element to choose the right development scenarios. We simulated three situations with different 
orientations, taking into account the strategic orientations of the region for acontinuous economic 
development and the extension of the agricultural activity. Besides, we considered the orientations of the 
Hydraulic Basin Agency of Souss-Massa and its partners, in the frame work of the Chtouka water-table 
convention, to improve groundwater resources managementin the Souss-Chtouka region. The comparative 
analysis of the scenarios, based on the piezometric evolution of the aquifer, shows a variability of thelevel 
between 2015 and 2030 according to the scenarios considered. The maintenance of agricultural activity at 
its current rate of evolution predicts a drawdown piezometry ranging from 1 to 4m in Souss and reaching 
8m in Chtouka plain, while the activityextension expects a stronger drawdown, going from 10m in the Souss 
upstream and downstream up to 20m in the middle Souss. The Chtouka Plain (between Biougra and Ait 
Amira), remains the most sensitive area to over-pumping with a drop of 30m. On the other hand, for the 
backup scenario, involving the use of desalination water as anirrigationwater resource in Chtouka plain, 
modeling results show that this new contribution significantly reduces the destocking of the water table with 
a drawdown piezometry reduced to zero. 

Keywords: hydrologeologicalmodel, over-pumping, water resources management, drawdown piezometry, 
desalination water 

 

Exploration of strategies to improve irrigation management of alfalfa, 

berseem and silage maize in Tadla – Morocco 
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3 Unité d’Hydraulique et d’Hydrologie, University de Liège Agro-Bio Tech, Gembloux, Belgium 

Abstract 

The CropSyst model, an operative crop model, is used to explore irrigation scenarios for the main folder 
crops in Tadla irrigated area in Morocco. The calibration and validation of CropSyst model have been 
realized previously for alfalfa, silage maize and berseem. The model was run for a 40 year simulation with 
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climatic data measured daily; using several scenarios involving a combination of irrigation times and water 
amounts.  

For alfalfa, the results obtained indicate that applying 1600 mm of irrigation water amount maximizes 
irrigation water efficiency (1.21 kg/m3) and achieve a yield of 23.1 t/ha (95% of the yield potential). In the 
case of maize, application of 648 mm through 2 irrigations in initial phase, 2 irrigations in linear and two in 
final phases allows to achieve high biomass yield and better water use. On berseem, the simulation results 
confirm that the adoption of the scenario that provides 625 mm allows obtaining 14.1 t/ha of dry matter 
which represents 94% of the yield potential.  

Finally, the coupling of the results of four years (2008 - 2012) experimentations with the simulations of 
scenarios by CropSyst has shown to be highly effective in order to improve the folder crops irrigation in the 
Tadla. 

Keywords: alfalfa, berseem, silage maize, CropSyst model, irrigation scenarios, Tadla, Morocco 

 

Evaluation of the economic impact of climate change on agricultural value 

added in Tadla-Azilal region 

Lachhab Rania  1, Doukkali Mohammed Rachid 1 and Mengoub Fatima Ezzahra  2 

1 IAV Hassan II, Madinat Al Irfane, Rabat 

2 OCP Policy Center, rue Mohamed El Jazouli, Rabat 

Abstract 

Climate change is currently the subject of intensive scientific research and political debate. It presents a 
major challenge with adverse impacts on the sustainable development of all countries, especially in 
developing regions such as the Southern Mediterranean. Projected reduced rainfall with higher variability 
and increased spatio-temporal irregularity will aggravate water scarcity in these countries. Water resources 
shortages will particularly affect agriculture, the most climate-sensitive economic sector, in terms of 
agricultural production and incomes. This paper examines the economic impact of climate change on the 
agricultural value added at a sub-national level in Morocco. Using an integrated hydro-agro-economic 
simulation model, we represent the relationship between water use and agricultural production at a sub-
watershed level in the upstream part of Oum-Rbia, with a spatial water distribution network of water flows, 
balances and constraints. The model maximizes the total profit of water use by agricultural producers within 
the study region, which are primarily constrained by water availability. Simulations are conducted regarding 
projected changes in climatic and hydrologic variables, as well as population growth and other water uses. 
Results indicate an inevitable profit reduction due to reduced crop yields that are influenced by irrigation 
water application deficits. 

Keywords: Climate change, river basin model, conjunctive water use, irrigation, agricultural income. 

 

MADFORWATER project side event 

Innovative approaches developed in MADFORWATER project for 

sustainable treatment and reuse of municipal wastewater 
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Abstract 

Faced with increasing water scarcity, policy makers in Mediterranean African Countries (MACs) are 
increasingly interested to non-conventional water resources, such as treated wastewaters. Despite their 
perceived advantages, few countries have succeeded in developing extensive, successful, and safe reuse 
in agriculture. Actually, a small amount of the treated wastewaters generated in MACs is currently reused. 
In the Tunisian case, only 23% of the treated wastewaters are recycled, while this amount is somewhat 
lower in Egyptian and Moroccan cases (only 18% and 10%, respectively). This is mainly due to, the quality 
of treated wastewaters that does not meet the limits imposed by the National (e.g. Tunisian NT 106.03) and 
ISO standards for their reuse in irrigation. Indeed, municipal wastewaters (MWW) treatment in MAC is 
mainly limited to the secondary treatment using mostly the conventional aerobic activated sludge process, 
while tertiary treatment is not regularly considered.  

The challenge of MADFORWATER project is to develop a treatment train able to attain high treatment 
efficiency and reliability, with reduced capital, operation and maintenance costs. MADFORWATER is 
developing one technique for secondary treatment of MWW, consisting on nitrifying trickling filters with 
innovative high specific-surface carriers. Preliminary results on the lab-scale trickling filter in terms of COD, 
BOD nitrogen (N-NH3) and phosphorus (PO4-P) removal confirmed the potential application at larger scale. 
In addition, three different technologies for tertiary treatment, namely constructed wetlands (CWs) to 
remove heavy metals and emerging pollutants, immobilized enzyme bioreactors for the degradation of 
emerging pollutants and TiO2–coated solar disinfection beds for MWW disinfection.  

In light of the obtained results, a pilot treating 10 m3/d of MWW will be installed and monitored in the 
wastewater treatment plant of Chotrana Tunisia. The following stages will be implemented: a nitrifying 
trickling filter as a secondary treatment unit, a constructed wetland unit for tertiary treatment and removal 
of heavy metals and emerging organic contaminants followed by a chemical disinfection unit. Filed test 
irrigation will be performed by treated wastewaters.  

 

Effect of Plant Growth Promoting Rhizobacteria to increase crop resistance 

to water stress and salinity 

Cherif Hanene , Neifar Mohamed , Bejaoui Bilel  

Neili, Fatma , Chamkhi Asma , Mosbah Amor , Souissi Yasmine , Masmoudi Ahmed 
Slaheddine  and Cherif Ameur  

Univ. Manouba, ISBST, BVBGR-LR11ES31, Biotechpole Sidi Thabet, 2020, Ariana, Tunisia.  

Abstract 

The global climate change and the excessive use of agrochemicals present the major challenges facing 
agriculture and therefore humanity. Management practices based largely on the overexploitation of water 
resources and the intensive use of pesticides continue to cause serious problems related to soil salinization 
and contamination with hazardous materials. It was estimated, also, that by 2050 water shortage would 
affect more than 50% of arable lands. In front of all the above-mentioned threats, the investigation of new 
eco-friendly approaches to sustain agriculture is attracting scientists’ attention worldwide. Particularly, the 
use of Plant Growth Promoting Rhizobacteria (PGPR) as biofertilizers and/or biocontrol agents was shown 
to be one of the most promising strategies to improve crop growth and productivity under several biotic and 
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abiotic stresses. In this context, 560 bacterial strains, isolated from the rhizosphere of different plant types 
(olive tree, fig tree, palm tree) and fields under different agricultural managements (irrigation with treated 
wastewater, pesticide treatments), were screened for their PGP traits, enzymatic activities and biocontrol 
potentialities against phytopathogenic fungi. In vitro essays results allowed the selection of 36 strains 
harboring high PGP features and belonging mainly to Actinobacteria, Firmicutes and Proteobacteria phyla. 
Further greenhouse pot experiments were performed to evaluate the effect of the PGPR application on 
different durum wheat cultivars under salt and drought stresses. Results explained a certain specificity 
between the wheat genotype and the bacterial type. To overcome this impediment, two PGPR consortia 
were selected and tested on wheat growth under different water regimen (tap water, treated wastewater) 
and drought stress, using Box Bhenken experimental design coupled with response surface methodology. 
These modeling and statistical approaches will allow reaching optimal growth conditions of durum wheat 
under PGPR treatment and/or TWW regimen. The best consortium will be further tested in field to evaluate 
wheat and/or corn crop yields under different treatments including, the irrigation with TWW, the use of 
commercial and innovative nozzles and the use of the Safe Irrigation Management modules (SIM) to 
optimize irrigation scheduling.  

 

Precision Agriculture and Treated Waste Water use: how to integrate and 

implement on the ground? 

Todorovic Mladen  

CIHEAM-BARI, Italy 

Abstract 

The use of treated wastewater in agriculture requires the application of modern technologies based on the 
precision agriculture to optimize the use of resources, increase economic benefits of agricultural production 
and reduce environmental burden. In this context, the consideration of the entire water supply / value chain, 
from the wastewater treatment plant to the irrigated land and to the consumers of agricultural products, is 
needed, to achieve the consensus on treated wastewater use.  

The on-ground implementation of an automated Decision Support System (DSS) for the optimization of the 
on-farm water management in Mediterranean agriculture is presented. The implementation is going on at 
eight pilot sites located in Apulia region (Southern Italy) where the most important horticultural crops are 
cultivated. The water management tool integrates weather, soil, crop, irrigation system, water quality and 
management data in a unique platform through a standard interfaces connecting the on-field devices with 
the client software application - a Data Cloud Network. This permits wireless and continuous monitoring of 
the on-field conditions and the remote control and management of irrigation via new generation of smart 
devices (tablets, smartphones). The real-time daily weather data are used to run the soil-water-balance 
model and to schedule / optimize irrigation considering the weather forecasting data and site-specific 
constraints about water availability and technical characteristics of the on-farm irrigation system. A dynamic 
multi-crop/multi-plot/farm optimizer supports the user-defined setting of constraints and irrigation priorities 
at the farm scale. The decision criteria are based on the eco-efficiency concept, which aims to increase the 
economic benefit of farmers while minimizing the environmental burden.  

Keywords: soil water balance modelling, irrigation management, decision support system, Apulia region.  

 

Effect of treated wastewater irrigation on growth and aesthetic aspect of 

bougainvillea and oleander: Impact of two regimes and two irrigation 

systems 

Ilham Idrissi Chouahdi 
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Hassan II Instiutute  of Agronomy and Veterinary Medicine, Rabat, Morocco 

Abstract 

The purpose of this work is to study the effect of irrigation with treated wastewater on growth and aesthetic 
aspect of two ornamental shrubs: bougainvillea and oleander. The impact of two irrigation systems (surface 
drip and subterranean drip) combined with two irrigation regimes (100% ETM and 120% ETM) was also 
evaluated on both species. 

The trial was conducted in the ‘Ocean’ golf course in Agadir, during the period from 14 May to 30 August 
2018. The experiment was realized in an open field in sandy soil. 

The results obtained show that both shrubs consumed the same amount of water during the study period 
167 mm. Vegetative growth parameters, biomass parameters, and the aesthetic aspect of the plants were 
affected differently from one shrub to another. The best combination studied was the sub-surface drip 
system combined with the 120% ETM regime in the bougainvillea, and the surface drip system with the 
120% ETM regime for the oleander. 

Regarding of mineral composition of the leaves, the sub-surface drip system combined with the 120% ETM 
regime induced a better result with oleander. While with bougainvillea, the surface-drip system with the 
120% ETM regime were the best. 

The high electrical conductivity (EC) of the treated wastewater resulted in an increase in soil EC from 0.157 
to 0.267 and from 0.142 to 0.267 dS / m under the 100% and 120% ETM regimes, respectively. For the 
irrigation system, the EC increased from 0.136 to 0.262 and 0.273 dS / m, under the surface-drip and sub-
surface drip systems, respectively. However, this EC remained relatively low, which explains the low impact 
on both shrubs. Although the sub-surface drip system saves water, there is a slight increase in soil EC (due 
to salt accumulation in the root zone). 

Irrigation by this water loaded with nitrates, chlorine and sodium has led to the leaching of a large quantity 
of these elements, which is superior for the surface system. These leaching rates may affect groundwater 
quality in the long term. 

Keywords: Irrigation, treated wastewater, vegetative growth, aesthetic aspect, bougainvillea, oleander, 
salinity, irrigation system, irrigation regime. 

 

Innovative emitters to irrigate with Treated Waste Waters  

Severine Tomas and Geoffrey Froment 

IRSTEA, France 

Abstract 

The conception of appropriate distribution systems is essential when irrigating with Treated Waste 
Water (TWW) in order to maintain long term water delivery efficiency and to prevent spreading 
water borne contaminants to soils, plants, farmers, consumers and the environment. This work 
addresses a range of water application techniques: mini-sprinklers developed to prevent 
generation of aerosols (contaminated water and transport of fine droplets on long distance) and 
anti-leakage and anti-clogging nozzles adapted to heavily loaded effluents. The new distribution 
devices are designed and tested numerically by IRSTEA, and then prototypes are manufactured 
by ROLLAND Sprinkler. 
 

1. Efficient low pressure mini-sprinkler  
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The objective is to develop a low-cost mini-sprinkler, with high resistance to clogging related to 
the use of low quality waters and that minimizes pathogen risk dissemination to 
farmers and consumers via aerosols issued from the smaller droplets.  
This is obtained by managing the size of droplets produced to minimize the 
generation of droplets of less than 500µm at low operating pressure (<200kPa). 
It supposes to understand atomization process (how the liquid jet forms 
droplet) and then to analyze their dispersion within atmosphere (drift and transport). Drift and 
transport evaluation have been first assessed in Irstea Wind Tunnel, using different air samplers. 
 

1.1. Atomization process, drift and transport analysis 

A deeper investigation of droplet formation is performed using Particle Tracking Velocimetry (PTV, 
Fig 1) to better manage the tracking methodology separating air/drop effects. Such methods will 
help to determine factors (geometry, rotation speed) that govern droplet size distribution. 

Figure 1: Example of PTV image 
 
The effect of wind velocity has been identified: when wind velocity increases the distribution staid 
similar, a slight shift toward smaller diameters (~ 45% decrease) is observed. The methods will 
be used further to verify the performance new sprinkler under development. 

1.2. Sprinkler design 

First design has been proposed and numerically simulated (ANSYS V18.1) in order to study 
impact of deflector design and rotation speed on atomization. 

 
Figure 2: Sprinkler design and flow simulation 
 

2. Calibrated nozzle for localized irrigation with treated wastewater  

The objective is to develop calibrated nozzle that combines the advantages of the low cost, low 
energy (low pressure around 0.5 bars) and easiness of use of gravity irrigation systems with the 
high application efficiency of localized drip irrigation system. To minimize the effect related to high 
discharge, very short but numerous irrigation cycles are implemented.  To avoid 
emptying/pressurizing time of the irrigation network the calibrated nozzle is equipped with a 
membrane that closes the emitter to keep the network full. Possible fouling/clogging phenomena 
are investigated in the calibrated nozzle prototype especially when using TWW to maintain the 
irrigation efficiency in time. 
 

2.1. Anti-leakage and anti-clogging proprieties 
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Hydraulic and clogging tests have been performed on these prototypes validating their anti-
leakage capabilities (closure à 37kPa) and their hydraulic performance with pressures between 
0.5 bars and 4 bars. Clogging tests with particles have been conducted with short operating 
cycles. The particle had a concentration up to 4g/l with size from 0 to 500µm, up/down position of 
nozzle outlet were also tested to identify any specific behavior with the particles. Clogging with 
bamboo wood fibers up to 2g/l was also evaluated without any clogging observation. 
 

2.2. Operation under rael waste water conditions 

The emitter has been operated with real waste water at the oulet of a constructed wetland, with 
TSS up to 140mg/l during 6 weeks , without filtration and with a pressure of 1.5bar. Figure 3 show 
the evolution of the flow rate in l h-1 for the 6 emitters over 6 weeks of operation and emitter 5 
after 6 weeks of operation.  Emmitters clogging exhibits different tendencies (from no clogging to 
total clogging and intermittent watering. More experiments are forecasted to understand the 
drivers of such phenomena for exemple the same emitters will be used therafter with an inlet 
filtration of 1mm and a pressure of 1bar. 

 

Figure 3: Evolution of the flow rate for the 6 emitters over 6 weeks of operation and photos of 

emitter 5 after 6 weeks of operation 

2.3. Pressure-compensating proprieties 

A simplified emitter that integrates a pressure regulating membrane was evaluated (figure 4). 
Hydraulic tests was performed with pressures between 0.5 bars and 4 bars. Several emitter 
geometries, membrane thickness (2 and 1mm) and properties were tested. The results are in 
progress. Once, the best configuration will be determined clogging tests with real and/or synthetic 
wastewater will be performed. This pressure-compensating principle is to be coupled later with 
the micro sprinkler.  
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Figure 4: Simplified emitter that integrate different thikness of regulating membrane. 

3. Conclusion 

Experimental prototypes have been produced and tested. Works are still in progress to improve 
the understanding the interaction between rotation speed and atomization for sprinkler and 
between the membrane and the fluid for the calibrated nozzle.  The next steps will concern 
clogging analysis with wastewater effluent with various qualities (industrial, agro process or urban 
WW) including the use of real treated wastewater in field plots with Moroccan and Tunisian 
partners. 
 

A modeling approach to assess the effect of Treated WasteWater irrigation  

Giovanna Dragonetti 

CIHEAM-IAMB, Bari, Italy 

Abstract 

Wastewater reuse for agriculture could be a key alternative water 
source. In order to understand its potential impact through agricultural 
use, SIM (Safe Irrigation Management), a daily bucket model, is used with 
main objective of estimating the effects of wastewater i) on the 
response of crops, and ii) on the soil characteristics. 

SIM is a tipping bucket model based on the daily balance of water, salt and 
nutrients in the root profile, that assumes that soil acts as a water reservoir with a storage capacity, and 
which requires a relatively small number of input parameters. It was developed and used to estimate water 
and soil nutrient pools dynamics, and yield response over a year. It is tailored to predict an irrigation and 
nutrient management at local and large scales under specific conditions of climate, crop, soil, and assess 
the effect of different water sources (Fresh Water and Treated WasteWater) on the components of the crop 
water balance. 

The assessment of Treated WasteWater reuse feasibility on Citrus in Souss Massa region in Morocco was 
done through this type of modeling approach.  

Thus, SIM model was used to evaluate the water irrigation and nutrient management scheduled by local 
farmers using Fresh Water for Citrus, as well as to simulate the effect of Treated WasteWater (TWW) on 
yields and soil assuming both farmer and model scheduling. Overall, the results indicated that TWW has 
no significant effect on yield and soil salinity at short-term. 
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Posters 

Innovation in communicating the issue of water scarcity in Morocco 

Abbad Aicha and Essaidi Safa 

Mohamed V University, Rabat, Morocco 

Abstract 

The impacts of climate change are multiple, but that of the water scarcity remains obviously one of the most 
alarming effects given that water is a vital resource. It is universally admitted now that the climate change 
effects cannot be completely avoided, then measures of adaptation are imperative to allow the societies to 
better respond to new challenges and uncertain future. For the problem of water scarcity, these measures 
are numerous; they range from water harvesting, water recycling and reuse, pollution control, to reducing 
losses in the value chain. Therefore, adaptation measures are challenging not only the technical aspects 
but also the knowledge of individual behavioral modifications. Indeed, the responsibility for such an issue 
should involve all levels. Thus several tools have to be developed to motivate communities and individuals 
to adjust their behavior in ways that limit water waste. Furthermore, the UNFCCC clearly addresses the 
importance of climate changes communication to the general public and of engaging stakeholders in the 
issue. Through a review of the literature, this article seeks to shed scientific light on communications 
strategies around climate change in general and particularly water scarcity and to question their 
effectiveness to heighten public attention about the issue and make them recognize direct linkages to it. 

Keywords: Climate change, water scarcity, communication, stakeholders, behavior, social representation, 
commitment, persuasive communication. 

 

A sustainable Method for Achieving Food Security: A case Study from Oman 

Al-Busaidi Ahmed, Ahmed Mushtaque  and Al-Aghbari Waad 

College of Agricultural & Marine Sciences, Department of Soils, Water and Agricultural Engineering, Sultan Qaboos University, P.O. 
Box 34, Al-Khoud123, Muscat, Oman 

Abstract 

The objective of the study wasto evaluate the effect of treated wastewater on fish life and later on the effect 
of the produced effluent coming from fish tank on grown crops. Nine tanks with dimensions of 80*40*40 cm 
were filled either with freshwater or a mixture of freshwater and treated wastewater (50: 50 & 75:25 %) and 
25 Tilapiafish were added to each tank. Each tank was connected with another tank of same dimensions 
that was used to grow lettuce and bean crops on the top layer. Water was circulating between two tanks. 
No fertilizer was added to all treatments and all tanks got similar amount of fish feed.  

It was found that tanks with treated wastewater got higher values of dissolved oxygen due to algae growth 
and more salts content due to minerals added from treated wastewater compared to freshwater alone. 
Therefore, lettuce and bean growth was much better and got higher values of chlorophyll content compared 
to control tanks.For heavy metal analysis,all waters got similar values but in some samples, the 
concentration of B, Cu, Mn and Zn were higher in treated wastewater compared to freshwater and that was 
reflected in lettuce roots.For the edible part, lettuce grown in treated wastewater got higher value ofFe and 
Ba compared to control. Similar concentrations were found with bean plants with higher values in treated 
wastewater compared to freshwater. However, low concentrations of heavy metals were found in the edible 
parts of all treatments and it was within the international standards. 

Fish analyses showed that all tested heavy metals were within the safe limit. However, applying this 
technique in the farming system will support food security and agriculture sustainability and help the 
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environment by utilizing treated wastewater and reducing fertilizer applications. Moreover, farmer income 
will increase since both fish and crops will be produced with minimum resources.   

Keywords: Treated wastewater, fish, aquaponics, fruit quality, heavy metals 

 

Nano-irrigation system: A new thought on sustainable management of 

irrigation water. 

Alla F. , Jdaini K.  and Elhoumaizi M.A. 

Laboratory of Plant Biology and Microorganisms, Department of Biology, University Mohammed 1st, Faculty of Sciences, BP 717 
Oujda, Morocco. 

Abstract 

Given the issue of water shortages, it is important to examine the comparative performance of various 
irrigation systems, especially in the regions of scarce water resources, such as in the oasis where date 
palm (phoenix dactylifera l.) Is grown. 

Different methods of irrigation are in use, which most used is drip-irrigation, however it’s use in the sub-
desert areas does not keep water safe from hight evaporation rates. An alternative to this system would be 
the use of nano-irrigation (moistube). 

This technique is defined as a slow release, sub-surface irrigation system. It is based on a unique nano-
technology, which significantly reduces water use with limited maintenance, at a reduced cost. This 
promising water saving technology enables increased irrigation efficiency by up to 90%, minimizing losses 
of evaporation, runoff and deep percolation. 

The objective of this paper is to review the performance of nano-irrigation system in arid and semi-arid 
regions and to compare this technology with most common irrigation methods in terms of water savings 
and yield enhancements. 

Keywords: Date Palm, Moistube, Nano-Irrigation, Oasis, Water Savings 

 

Moistube system: A promising new irrigation technique for date palm 

(Phoenix dactylifera L.) 

Alla F. 1, Jdaini K. 1, Hanane M. 1 , Jamal M. 2  and Elhoumaizi M. A. 1 

1 Laboratory of Plant Biology and Microorganisms, Department of Biology, University Mohammed 1st, Faculty of Sciences, Oujda, 
Morocco. 

2 National Agency for the Development of Oasis and Argan Areas ( ANDZOA) , Bouarfa, Morocco. 

Abstract 

Given the issue of water shortages, it is important to examine the comparative performance of various 
irrigation systems, especially in the regions of scarce water resources, such as in the oasis where date 
palm (phoenix dactylifera l.) Is grown. 

Different methods of irrigation are in use, which most used is drip-irrigation, however its use in the sub-
desert areas does not keep water safe from hight evaporation rates. An alternative to this system would be 
the use of nano-irrigation (moistube). 

This technique is defined as a slow release, sub-surface irrigation system. It is based on a unique nano-
technology, which significantly reduces water use with limited maintenance, at a reduced cost. This 
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promising water saving technology enables increased irrigation efficiency by up to 90%, minimizing losses 
of evaporation, runoff and deep percolation. 

The objective of this paper is to review the performance of nano-irrigation system in arid and semi-arid 
regions and to compare this technology with most common irrigation methods in terms of water savings 
and yield enhancements. 

Keywords: oasis, date palm, phoenix dactylifera l., nano-irrigation, water savings, moistube 

 

Zero-Valent iron pretreatment for enhancing the biodegradability of textile 

wastewater containing Azo Dyes 

Arous F. 1, Amara A. 1, Hamdi C. 1, Neifar M. 2 and Jaouani A. 1 

1 Laboratory of Microorganisms and Active Biomolecules, Faculty of Sciences of Tunis, University of Tunis El Manar, Tunisia 

2 University of Manouba, ISBST, BVBGR-LR11ES31, Biotechpole Sidi Thabet, Ariana, Tunisia 

Abstract 

Azo dyes are a group of chemicals that are largely resistant to aerobic biodegradation during wastewater 
treatment processes. The electron-withdrawing nature of the azo bond makes these compounds less 
susceptible to oxidative biological processes. The objective of this research is to evaluate an integrated 
system coupling zero-valent iron (Fe0) and bacterial biodegradation process for the treatment of textile 
wastewater. Zero-valent (elemental) iron can reduce the azo bond, cleaving dye molecules into products 
(sulfonated aromatic amines) that are more amenable to aerobic biological treatment processes. Sulfanilic 
acid (SA) is one of the most representative sulfonated aromatic amines produced. During this work, 
progressive acclimation of activated sludge to increasing concentrations of SA was performed. Eleven (11) 
morphologically distinct bacterial isolates were isolated and selected for further studies from the consortium 
adapted to 400 mg/l of SA. The ability of individual isolates to utilize SA (0.58 mM) as a sole carbon source 
in liquid growth medium was evaluated. The isolates CH2B, CH2M1, CH1E, CH2M2, R1O and CH2B2 
were able to remove 80-95% of the initial SA concentration and, thus, were selected for further studies. The 
performance of these isolates to remove SA was evaluated in 4 different conditions by exploring the effect 
of carbon and nitrogen sources supplementation. It was possible to discriminate 3 distinct groups: Group I 
includes strains (i.e. strains CH1E, R1O, CH2B2 and CH2M2) showing higher removal rates of SA in 
nitrogen and nitrogen + glucose supplemented medium, while the strain CH2B, the only one of the Group 
II showed  higher SA removal rates in nitrogen and glucose free medium. The strain CH2M1, the only one 
strain of Group III showed higher degradation rates in nitrogen supplemented medium. Currently, we are 
investigating the molecular identification of the selected strains and the SA bioconversion pathway.   

Keywords: Azo dyes, Biodegradation, Sulfanilic acid, Textile wastewater, Zero-valent iron 

 

Evaluation of Quinoa Varieties for Crop Diversification in the Rhamna Region 

Azaykou Fatima 1, Choukr-Allah Redouane 2, El Gharous Mohamd  1 , Mhada Manal 1 and 
Hirich Abdelaziz 3 

1 Mohamed VI Polytechnic University, Ben Guerir, Morocco   

2 Agronomic and Veterinary Institute Hassan II, Agadir, Morocco   

3 International Center for Biosaline Agriculture, Dubai, UAE  

Abstract 
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Quinoa has been grown for thousands of years in the Andes in Bolivia, Chile and Peru. Quinoa is an annual 
crop that has been given special attention as a versatile agro-industrial crop, rich in nutrients and able to 
thrive in extreme climatic and soil conditions. Faced with the challenge of increasing the production of high 
quality food to feed the growing population, quinoa offers an excellent alternative for ensuring food and 
nutrition security in marginal environments in the MENA region as well as in other parts of the globe. . 

The main objective of this work is to evaluate the yield level of the lines developed at ICBA as well as two 
Danish varieties compared to the mixture of lines developed in Morocco. Second, it aims to compare the 
adaptation of these genotypes in the agro-climatic conditions of Benguerir. And as a third objective, it also 
targets the morpho-phenological characterization of genotypes in order to determine their production 
potentials. 

The yield assessment demonstrated the dominance of the Q2 line because of its high yield (34.03 qx / ha) 
with a relatively low harvest index (0.19) which makes this line for production. Fodder than grains. Puno is 
a variety that has recorded values in terms of yield only in terms of harvest index. 

The Titicaca variety has indeed shown satisfactory harvest index values with acceptable grain yields (19 
qx / ha). It would therefore adapt well to local production conditions and can therefore be offered as a seed 
for the production of quinoa. 

The genotype also influenced all the morphological characters studied, which proves the existence of a 
genetic distance between the 6 lines. The ICBA line ages had maximum heights at maturity. Puno and 
Titicaca recorded minimum values for stem diameter, length and diameter of the inflorescence. 

Regarding qualitative traits, no effect of genotype on color of inflorescence and pericarp was observed. 
Thus the dominance of the orange color for the inflorescence and the cream for the pericarp (any genotype 
combined). 

Keywords: Quinoa, lineage, yield, adaptation, harvest index, inflorescence, stem 

 

Occurrence of currently used pesticides in water and sediment samples from 

3 distinct European river basins: Adige, Sava and Evrotas. 

Barbieri M.V. 1, Postigo C. 1, Monllor-Alcaraz S. 1, Guillem-Argiles N. 1, Barceló D. 1 2 and 
Lopez de Alda M.  1 

1 Water and Soil Quality Research Group, IDAEA-CSIC, c/ Jordi Girona, 18-26 / 08034 Barcelona, Spain 

2 Catalan Institute for Water Research (ICRA), Emili Grahit,101, E- 17003 Girona, Spain 

 

Abstract 

Pesticides are one of the classes of pollutants that raise more attention and concern among scientists, and 
the society in general, due to their ubiquity and toxicity. In rivers, their occurrence can vary substantially in 
time, along the course of the river, and between basins, depending on multiple factors like inputs from 
wastewatertreatment plants, economic activities in the area, or climate. The present study investigates the 
contamination pattern by pesticides in three distinct river basins,which are in the focus of the European 
project GLOBAQUA, and present varying climatic, hydrological and anthropogenic conditions: Adige, Sava 
and Evrotas. About 50 pesticides, representative of different chemical classes (e.g., phenylureas, 
chloroacetanilides, neonicotinoids, organophosphates, triazines, etc.) and with different applications (e.g., 
herbicides, insecticides and fungicides),were analysed in a total of 60 water samples and 62 sediments 
collected along the 3 rivers. The results showed the occurrence of 27 pesticides, but in generalat low levels 
in both water and sediments and in all three rivers, with a few exceptions.Maximum total pesticides reached 
26 ng/L in water and 470 ng/g in sediment (335 ng/g dichlorvos) in the Adige, 566 ng/L in water (550 ng/L 
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irgarol) and 16 ng/g in sediment in the Evrotas, and 580 ng/L in water (577 ng/L diuron) and 32 ng/g in 
sediment in the Sava River. Annual average environmental quality standards set by the EU for some 
pesticides in water were never surpassed (Directive 2013/39/UE).The most relevant compounds in each 
compartment and basin are also discussed. 

Keywords: Plant protection products, phytosanitary products, environmental analysis, emerging 
contaminants. 

 

Evaluation of the Impact of Plant Growth Promoting Bacterial Consortia on 

The Improvement of Crop Productivity Grown under Treated Wastewater 

Regime 

Bejaoui Bilel , Cherif Hanene * , Naili Fatma , Amara Yosra , Chamkhi Asma, Mosbah Amor 
, Souissi Yasmine , Masmoudi Ahmed Slaheddine , Neifar Mohamed  and Cherif Ameur  

Univ. Manouba, ISBST, BVBGR-LR11ES31, Biotechpole Sidi Thabet, 2020, Ariana, Tunisia 

Abstract 

Due to the increasing demand of water for agriculture and the water scarcity in arid and semi-arid regions, 
the use of treated municipal wastewater (TMWW) for irrigation becomes an alternative to the freshwater 
supply to cope with water shortages. Plant growth promoting bacteria (PGPB) has been described as a 
promising technology for improving agriculture productivity under various stress conditions. In this study, 
we investigated the potential of PGPB in the improvement of wheat productivityunder TWW irrigation 
regime. A collection of 128 isolates was obtained from the rhizosphere of olive and fig trees irrigated with 
TMWW located at Msaken region in Tunisia. The screening of PGP activities showed that 30% of the 
isolates were able to fix atmospheric nitrogen and solubilize inorganic phosphate, while production of indole 
acetic acid, ammonia, siderophores and exopolysaccharides were shown in 85%, 80%, 59% and22% of 
the isolates, respectively. Sixteen strains were selected on the basis of their high PGP scores and subjected 
to identification by sequencing of their 16S rRNA genes. Two consortia composed of three PGPB, each, 
were formulatedto study their inoculation effects on durum wheat crop productivity. The first consortium 
includes Bacillus zhangzhouensis, Pseudomonas koreensis and Pseudomonas azotoformans and the 
second includes Bacillus megaterium, Brevibacterium frigoritolerans and Microbacterium azadirachtae. 
Consortia stability analysis and optimization of the bioformulation essays are in progress by using molecular 
fingerprinting approach (DGGE) and by Box Bhenken experimental design coupled withresponse surface 
methodology. These modeling andstatistical approaches will allow reaching optimal growth conditions 
ofdurum wheat irrigated by TMWW and supplemented with PGPB. 

Keywords: Water shortage, municipal treated wastewater, irrigation, plant growth promotion, rhizobacteria, 
PGP consortia, wheat 

 

Epuration des eaux usées domestiques et industrielles de la ville de Larache 

par les bioréacteurs à membranes 

Belhamidi Sakina , Boulahfa Hicham , Elkhdime Hanane , Taky Mohamed , Elhannouni 
Fatima  and Elmidaoui Azzedine  

Laboratoire des Procédés de Séparation, Département de Chimie, Université Ibn Tofail,  Kenitra, Maroc 

Abstract 

L’origine de la pollution des eaux usées de la ville de Larache est diverse, elle peut par conséquent 
perturber l’écosystème, car les effluents domestiques et industriels évacués dans le milieu récepteur (partie 
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nord de l’océan atlantique et oued loukkos) entrainant une pollution plus ou moins importante mais bien 
réelle. La caractérisation physico-chimique des eaux usées étudiées durant la période d’étude (Décembre, 
Janvier et Février 2016) a permis d’apprécier leurs propriétés et leur degré de pollution. Les effluents 
industriels et domestiques de la ville de Larache contiennent des quantités importantes des polluants qui 
sont rejetés dans l’environnement par voie directe. 

Ces eaux résiduaires représentent une concentration moyen en : DBO5 ; DCO et la MES respectivement 
de : 309,16 mg d’O2/L ; 850 mg d’O2/L ; 338,33 mg/L. Tandis que les eaux brutes industrielles, une DBO5 
moyenne de 294 mg d’O2/L ; une DCO moyenne de 545 mg d’O2/L et une MES moyen de 446,06 mg/L. 
Malgré que ces eaux usées présentent une charge organique élevée mais facilement biodégradable. Au 
cours du traitement les rendements épuratoires moyens de la charge polluante atteignent les : 76,14 % en 
DBO5, 50 % en DCO pour les eaux usées domestiques et de 86,54 % en DBO5, 77,14% en DCO pour les 
eaux usées industrielles. 

L’étude de l’épuration permet de conclure que la station pilote BRM est performant et répond aux 
prescriptions relatives aux rejets provenant des stations d’épuration des eaux urbaines résiduaires selon 
la direction européenne. 

Keywords: Eaux usées, Charge polluante, Bioréacteur à membranes, Rendement épuratoire 
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for irrigation 
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Abstract 

Within the rise of low quality water use in agriculture, precipitation of scale in irrigation systems became a 
prevalent problem. In the last decades, many scale inhibitors have been studied such as threshold and 
green inhibitors. Threshold inhibitors are used at very low concentrations (less than 2 mg/l) and represents 
less environmental risks as it is adsorbed by plants as a fertilizer. Green inhibitors are biodegrade, low cost 
and have low impacts on the environment.The objectives of this work were to: (1) study the effect of 
temperature and stirring velocity on the scaling power of an irrigation water using Fast Controlled 
Precipitation (FCP); (2) evaluate the performance of three chemical threshold inhibitors, (i.e. K2SO4, 
Ca(OH)2 , Na2CO3) and three green antiscalants (i.e.Aloe veragel and leaf extracts of 
oleaeuropaeaandficuscarica) on the reference water. The inhibitors comparison using FCP was performed 
at 30°C, using a volume of 100 ml and a stirring velocity of 500 revolutions per minute.Results showed that 
the six inhibitors were efficient to delay or prevent nucleation/growth process, depending on their 
concentration. Moreover they significantly decreased crystals growth rate. The FCP method showed that 
among chemical inhibitors K2SO4 showed the best performance as it permitted, at a concentration of 1.5 
mg/l, a total scale inhibition for more than 2 hours under experimental conditions. In parallel, Aloe vera 
leaves extract had the best performance among green inhibitors as it prevented completely the scale 
precipitation in 180 minutes at a concentration of 2.5 ppm. 

Keywords: Aloe vera, Fast Controlled Precipitation, Ficuscarica, Green inhibitor, Oleaeuropaea,scale, 
Threshold inhibitor 
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Pretreatment optimization and reverse osmosis performances of a surface 

water demineralization plant in Morocco 

Boulahfa Hicham , Belhamidi Sakina , Elkhdime Hanane , Elhannouni Fatima , Elmidaoui 
Azzedine  and Taky Mohamed  

Laboratory of separation processes, Department of chemistry, Faculty of sciences, Ibn Tofail University P.O. Box 1246, Kenitra 14000 
- Morocco 

Abstract 

In surface water reverse osmosis demineralization processes, pretreatment is a key step in achieving high 
performances and avoiding frequent membrane fouling. The plant studied consists of unconventional 
pretreatment and reverse osmosis process. The aim of this study is the optimization of the coagulation-
flocculation and the assessment of its effect on pretreated water quality upstream the reverse osmosis unit. 
Moreover, this paper presents the reverse osmosis membrane performances after nearly one year of 
operation.  

Keywords: Surface Water, Pretreatment, Reverse Osmosis, Fouling, Demineralization 

 

Saving irrigation water in citrus orchards – plain of Triffa - Morocco 
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Abstract 

Agriculture has, arguably, been very successful at capturing the major share of the world’s exploitable water 
resources. However, the environmental and socio-economic rationale for this capture by the sector is now 
being questioned. 

The plain of Triffa, which accounts for 50% of clementine exports, suffers from both a lack of water 
resources and a problem of groundwater salinity. 

In this study, we attempted to assess the effect of the hydric stress on the vegetative state and the 
production potentialities of clementine in the plain of Triffa in Eastern Morocco. The trial focused in three 
farms, on a 5 years old Clementine of variety “Fina Berkane”. 

This work treats, also, a comparative study of deficit irrigation on the vegetative growth of the shoots, the 
yield and the fruit size, in order to reduce water use. 

Four irrigations schemes were defined : 120% d’ETM, 100% d’ETM, 80% d’ETM, 60% d’ETM, according 
to the maximal evapotranspiration (ETM) calculated using reference evapotranspiration (ETo -calculated 
using weather station), and crop coefficient (Kc), which varies according to physiological stage. 

In the first year, this study has shown that the application of 80% dose ETM meets trees needs without 
affecting yield and desired size; it also allowed a vegetative growth well timely distributed. 

 



International Conference on Managing Water Scarcity in River Basins: Innovation and Sustainable Development 
 4-6 October 2018, Agadir, Morocco 

Book of abstracts  Page | 53  

 

Estimation of water balance and water yield in the Kalaya Watershed in North 

Morocco using SWAT 
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Box 415, 10000, Rabat, Morocco. 

Abstract 

Estimation of water yield and water balance in a river catchment is critical to the sustainable management 
of water resources at watershed level in any country. Therefore, in the present study, Soil and Water 
Assessment Tool (SWAT) interfaced with Geographical Information System (GIS) was applied as a tool to 
predict water balance and water yield of a Kalaya catchment in north of Morocco.This distributed model 
physically based, developed by Agricultural Research Services of the USDA, is largely used in such a study, 
because of the reliability of its results. SWAT operates on a continuous daily time step and requires a large 
spatiotemporal database constitute of the Digital Elevation Model, land use, layers pedological and its 
characteristics and daily meteorological data.The input data will be prepared through SIG’s tools, as well 
as the ArcSWAT tool was integrated in ArcGIS software by a way to facilitate the use of the prepared data. 
In SWAT, the basin will be discretized into sub-basins, which are then further subdivided into hydrological 
response units (HRUs) with homogeneous land use, soil type and slope.Themodel was able to represent 
the hydrological cycle according to the water balance equation. He estimates the part of evapotranspiration, 
runoff, infiltration and storage in soil from entries essentially consist of precipitations.It was calibrated from 
1976 to 1984and evaluated from 1985 to 1993.In fact, the water balance components were correctly 
estimated. 

Keywords: watershed model, SWAT, water balance, water yield, North Morocco. 

Herbaceous and grass edible crop plants production with local water 

resources: pilot experiences from UAE 

Calle Juan Pablo Rodriguez , Santhanakrishnan Bala , Hirich Abdelaziz  , Al-Mahmoudi 
Henda  and Lyra Dionysia  

International Center for Biosaline Agriculture, ICBA, P.O. Box 14660, Dubai, UAE 

Abstract 

Alternatives for obtaining a food security in 2050 and beyond for the ever-increasing population and with 
warming temperatures requires provision of alternative farming systems tools, resilient crops and vegetable 
protein sources. Currently, up to 85% of UAE’s food is imported – it must be looking an appropriate self-
supply of food from multiple and reliable resources. ICBA is working on alternative crops such as halophytes 
and salt tolerant plants. Salicornia (obligatory halophyte), Quinoa, Pearl Millet and Barley (facultative 
halophytes). We investigated agronomical and physiological parameters of these crops in selected on-farm 
conditions in the UAE. Three quinoa cultivars, pearl millet and Salicornia were evaluated since 2016 to 
2018 in Al Wagan, Al Khateem, and Al Rabah (Abu Dhabi Emirates). A fertilization of 3 kg m-2 were utilized 
to strength low native sandy soil. Soils in selected farms were basically sandy type with low fertility and 
salinity (2–16 dS m 1) and pH (7–8.5). Available water at on-farm was aquabrine and subterranean source 
(4–19 dS m-1), but water pH was below of 7.5. NDVI and chlorophyll content et on-farm were significantly 
different among crops. Agronomical evaluations in two agricultural seasons revealed high seed yield (1.5 
to 2.2 t ha-1) in quinoa cultivars. Grass plants, that provides fresh biomass for minor livestock as pearl millet 
and barley had a yield of 15–20 t ha-1. Under these conditions, the crops had a good performance with 
local water resources. Nowadays, farmers from other Emirates showed interest to cultivate. Outcomes from 
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this prospections and introductions should be converted in participatory workshops between farmers with 
knowledge on cultivation of these crops. 

Keywords: Aquabrine, domestic water salinity, salt tolerant and halophyte crops 

 

Heat and salinity tolerance of quinoa in the UAE sandy desert ecoregion 
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2 

1 International Center for Biosaline Agriculture, ICBA, P.O. Box 14660, Dubai, United Arab Emirate 

2 Agricultural Research Section, Agriculture Development & Health Department, Ministry of Climate Change & Environment, P.O. Box 
1509, Dubai, United Arab Emirates 

Abstract 

High air temperature on grain development can affect final seed yield and saline irrigation can be a 
constraint in plant development. We investigated the effect of heat on planting dates and salinity irrigation 
to biomass and seed yield of three quinoa cultivars in two Emirates of United Arab Emirates. A first field 
trial in Al Dhaid (2016/17), consisted in eight planting dates of two quinoa cultivars (ICBA: Q3 and Q5). 
Meanwhile, in Dubai (2017/18), a second experiment had two ETc irrigation level with saline water (20 dS 
m-1) for four quinoa cultivars (ICBA: Q3, Q4, Q5 and Titicaca). We found that planting dates did affect grain 
yield, hectoliter weight and HI in ICBA-Q3 and ICBA-Q5 quinoa cultivars. Late planting dates were affected 
with aborted flowers (~45˚C of May and June), but not to biomass yield. Cultivation of quinoa saline irrigation 
had a seed yield of 0.8-1.2 t ha-1. ETc irrigation quantity were calculated according to historic weather 
information. Titicaca and ICBA-Q5 had better plant performance, NDVI, chlorophyll and seed production 
for only three months of crop cycle. In contrast ICBA-Q3 and Q4 had high biomass, but and long growth 
cycle. Current environmental phenomena are heat and saline water source. Quinoa is at present, an 
alternative crop that can be cultivated in marginal land with sandy, and saline water source. This 
tolerant/stress crop and a facultative halophyte could withstand high temperatures compared to quinoa 
cultivars planted in February and March. 

Keywords: heath plant adaptation, resilient Andean grain, salinity irrigation 

 

Analysis of International Market of Quinoa based products 
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Abstract 

Although Peru and Bolivia are among the poorest nations in Latin-America, more than half of the global 
supply of quinoa is actually coming from these countries. It was in the early 2000s that Western nations 
discovered Quinoa. Since then, the demand has risen and so has the price. Peru and Bolivia’s gross 
domestic product have only benefited from this. The object of this study is to analyze the international 
market of quinoa and create a database of marketed quinoa-based products worldwide. 

A data base counting for more than 267 entry has been created based on available online information about 
quinoa grains and based products. According to data analysis UAE presents the highest price per kilo of 
quinoa followed by Germany and USA while the lowest price is found in quinoa traditional country producers 
(Equador, Colombia, Bolivia). From all quinoa based-products prices collected in the database we 
estimated the prices at different level of the quinoa value chain. Obtained results indicate that farmers which 
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is the main actor in quinoa value chain is gaining only 8% of the final consumer price. While restaurants 
are benefiting with more than 50% of the final price. A regression analysis of quinoa price against several 
parameters for each country using R software in order to determine significant correlated parameters was 
also performed to estimate quinoa grain price. The international quinoa price analysis reveals that quinoa 
prices in Morocco are more or less similar to other countries giving the local socio-economic situations. In 
Morocco farmers need to be organized in cooperatives and develop quinoa based products rather than 
selling bulk quinoa seeds and therefore, getting a high percentage of the final quinoa price. 

Keywords: price, Bolivia, value chain, processed seeds, farmer’s cooperatives 

 

Impact of irrigation on the dynamics and leaching of nitrate nitrogen in soil 
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Abstract 

This work aims to study the impact of irrigation on the dynamics and leaching of nitric nitrogen in soil, in 
order to develop an adequate approach to better manage irrigation practices on the leaching of nitrogen 
fertilization and for to preserve the environment. Irrigation management requires the control of irrigation 
frequencies and the choice of the type of irrigation that will influence the spatial distribution of the water 
supply. This work falls within this framework. It concerns the use of a mathematical simulation model of the 
effect of different irrigation doses application on the leaching of nitric nitrogen under two types of crops, 
wheat and sugar beet, using lysimetric data as well as the hydrodynamic characteristics of the soil. The 
results showed that the application of a water depth of 1 m generates a displacement of nitric nitrogen of 
the order of 7.1 mm and 8 mm in the soil profiles respectively expressed for wheat and sugar beet. Thus, 
the quantities of leached nitric nitrogen calculated by this simulation model are of the order of 59.8 kg N / 
ha for wheat and 84.2 kg N / ha for sugar beet. 

Keywords: Irrigation, nitrogen fertilization, lysimetric, leaching, mathematical simulation. 

 
 

Impact of climate change and renewable energy use on water resources  

Elame Fouad 1 and Doukkali Rachid 2 
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Abstract 

The pressure on energy in general and electricity in particular has become very important. This growing 
demand for energy is the result of a hydro-agricultural development policy launched since the sixties by the 
Moroccan government, which focused on the intensive use of energy use for pumping water irrigation. This 
increasing energy demand is also due to urban and rural electrification (ADEREE 2014). The use of energy 
is essential to agriculture which is considered as the main sector of the economic development. This paper 
simulates the impact of Climate Change and the use of renewable energy on water resources in the region 
of Souss Massa using a dynamic integrated water management model (Elame and al. 2012, Elame and al. 
2015). To assess the impact of pumping costs and climate change on water resources use, a simulation 
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was conducted and was based on a comparison of water pumping costs. These costs are introduced in the 
dynamic model and compared to the pumping cost by solar energy. 

The results show that the average shadow price of water remains below 3 dh / m3 the first five years 
knowing that it has already exceeded 5 Dirhams per cubic meter (dh/m3) compared to scenario A, which 
assesses only the impact of climate change. Changing economic price for the two scenarios (A, B) follows 
the same trend with a difference of 2 (dh/m3) less in case of the use of solar energy (scenario B). The 
economic price directly influences the amount consumed for irrigation. Indeed, there is a 17% reduction in 
the use of surface water resources. This amount will be offset by an increase of groundwater use because 
their operating cost becomes more competitive. Add to that the small decrease in the total value added or 
even a recorded increase in the first five years, despite the impact of climate change. This increasing of the 
value added is explained by the gain on pumping costs by using solar energy. This study has shown the 
potential impact of the use of renewable energy on reducing pumping costs and thus for the use of water 
resources in general. Furthermore, the use of this energy source can reduce energy dependence vis-à-vis 
the International market and reduce also its impact on the trade balance. 

Keywords: renewable energy, agriculture, water, climate change, irrigation, economic price 
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Abstract 

Quinoa (Chenopodium quinoa Willd) has been introduced in Morocco for its nutritional qualities, its 
resistance to various stresses and its potential to improve cropping systems. It is a promising crop for food 
security in arid and semi-arid zones, it adapts quickly to different climatic and soil conditions. The objective 
of this study is to evaluate the effect of different organic amendments (manure and compost) doses on two 
quinoa accessions, which are ICBA-Q3 (variety developed by ICBA introduced for the first time in 
Rehamna), and a mixture of accessions (locally cultivated in Rehamna). The trial was carried out in the 
experimental farm of Mohamed VI Polytechnic University located in Ben Guerir.  

The physicochemical analysis of soils have shown that the experimental site soil have low levels of organic 
matter 1,5% , with a low EC equal to 0.6 dS / m, and moderately basic pH equal to 8.4. The soil texture is 
clay with 52.9% clay, 24.9% sand and 22.2% silt.  

Data related to plant parameters showed significant differences between the tested accessions for all the 
qualitative and quantitative traits. The seeds of the ICBA-Q3 accession had all creamy color; the seeds of 
the locally cultivated seeds were white and yellow. The height at maturity was ranging between 131cm and 
153.50cm for Q3, and between 95.05cm and 109.3cm for the locally cultivated accession. Dry matter 
production was between 43.66 g/m2 and 75.62 g/ m2 or the locally cultivated accession and between 94.61 
g/m2 and 137.94 g/m2 for ICBA-Q3. The harvest index is 22.9% for ICBA-Q3 and 34.97% for the locally 
cultivated.  

The maximal values were recorded under T7 treatment (40 t/ha of manure) for biomass production 137 
g/m2 for ICBA-Q3, and 50 g/m2 for the locally cultivated accession, also for plant height 117 cm/m2 for 
ICBA-Q3 and 86 cm/m2 for the locally cultivated, and yield 4,40 t/ha for ICBA-Q3, and seed weight for both 
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varieties were highly responding to organic amendment increase. The tested accessions responded in a 
different manner to the amendment type and dose. Based on an estimated potential yield (2.60 t/ha), the 
locally cultivated accession was found to be less adapted to site conditions and amendment than the ICBA-
Q3 accession (4.4 t/ha).  

Keywords: Quinoa, yield, manure, compost, harvest index 

 

Performance of Biobed/Biofilter and  Electrocoagulation Method using 

Nanomaterials systems for the removal of some Pesticides from polluted 

water. 
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Abstract 

Horticulture is one of the most relevant segments of the Moroccan agriculture sector. Morocco country 
reaches the self-sufficiency in vegetable production.  This sector provides also an employment for the 
working rural population and important source of hand currency towards exportation to the European Union, 
Canada, Russia and USA. The intensive conditions of the horticulture crops (citrus, tomato, pepper, green 
bean…) seem to be favorable to many insects and the development of some that cause more damage and 
affecting the yield quality. Growers are often applying pesticides to protect their production and the yield 
quality. Pesticide waste disposal is a concern for Moroccan horticultural producers. The majority of pesticide 
wastes were related to empty pesticide containers and pesticide effluents. Mismanagement of leftover or 
pesticide effluents can lead to potential contamination of water (surface and groundwater) and caused 
serious health and environmental problems. This work aims to evaluate  efficiency of biobed/biofilter and 
electrocoagulation method using iron electrode and using nanomaterials (Magnetic particles ) as an additive 
to remove some pesticides from polluted water contaminated by Azoxystrobin, Bifenthrin, Cypermethrin, 
Cyprodinil, L. Cyhalothrin, Difenoconazol, Dicofol, Fenzaquin and Pyrimicarb. For the biobed/biofilter, the 
results showed an important degradation of the pesticides was obtained after recycling through the biofilters 
filled by 71% of local soil 28% of crop residues of peach, nectarine, apple, and asparagus and 1% of 
chopped straw of asparagus. The Pesticide residues concentrations in wastewater were ranged from 0.20 
to 1.65 mg/l mg/l after 60 days, however at 90 days, these residues are less than to limit of detection. By 
using the electrocoagulation the rate of pesticides mineralization exceeds 97 % and the pesticides 
concentrations in wastewater are very low level is less then limit of detection (LD) when added the magnetic 
particles in the system process. 

Keywords: Biobed/Biofilter, COD, Electrocoagulation, Magnetic nanoparticles, Pesticide effluents   
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Abstract 

Malian households depend, on rain-fed agriculture for food production. Overreliance on rain-fed agriculture 
limits the production output due to unreliable rainfall in the country. To mitigate this, the government has 
invested in rehabilitation of irrigation schemes to reduce dependence on rainfall. Through appropriate 
irrigation technologies and improved agronomic management practices agricultural productivity will be 
increased. This study determines the contribution of different irrigation systems to produce vegetables on 
household welfare rural communities. The objective of the study was to contribute to improved livelihood of 
smallholder farmers by use of irrigation systems in vegetables production. Three localities corresponding 
to two specific climatic regions favorable to vegetable crops production in Mali (Koulikoro and Mopti regions) 
was the study area. It was guided by the production theory. Primary data was collected from 273 farmers 
selected proportionately from four wards (Fanafiecoura and Tieman, in Koulikoro and Mopti and Dialango, 
in Mopti) using questionnaires. Secondary data from literature reviews was also used. Descriptive statistics, 
PSS and DEA functions were used for analysis. This study found that the irrigation systems as used in 
production of the three main crops to be characterized by inefficiency. Drip and sprinkling irrigation systems 
was relatively more economically efficient as compared with Californian system. The use of drip, sprinkling 
and Californian irrigation systems lead to greater benefits as compared to costs. The excess benefit 
(compared to costs) is realized more with drip followed by sprinkling and the third being California irrigation 
system. This study recommends more training and capacity building to the farmers in the study area with 
an aim of reducing their levels of inefficiencies in horticultural crop production. To supported to adopt the 
use of drip, sprinkling and Californian irrigation systems which lead to greater benefits as compared to 
costs. Drip, sprinkling and Californian irrigation systems present a good opportunity for superior technical 
efficiency in vegetable production. These irrigation technologies should be promoted.  

Keywords: California, DEA method, Drip, Economic efficiency, Mali, Smallholders, Sprinkling, Vegetables 
production, Water. 

 

Performance evaluation of reverse osmosis Process for Brackish Water 

Treatment at Khang Lahmam station 
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Abstract 

Brackish water desalination can solve water shortage problems in South of Morocco. The reverse osmosis 
(RO) technique has been adopted in recent years as a demineralization process. In Tan Tan city, the Khang 
Lahmam station, created in 2003, treats 1700m3 of saline water per day using membrane process. It is 
supplied with brackish water from the Khang Lahmam boreholes, located 80 km from the city. Salinity levels 
of the untreated water largely influence the membranes performance, thus reducing their treatment 
capacity, increasing their energy consumption and constraining their durability.  In this study, water samples 
have been analyzed before and after reverse osmosis to determine their electrical conductivity (EC), 
bicarbonates (HCO3-), chloride (Cl-), calcium (Ca2+), magnesium (Mg2+), potassium (K+) and sodium 
(Na+). Results showed a reduction of electric conductivity by 96.2%, bicarbonates by 71.43%, chloride by 
90.7%, calcium by 99.95%, magnesium by 99.83%, potassium by 99.43 % and sodium by 94.59%. The 
results obtained showed that the reverse osmosis process has reduced the salts dissolved in brackish 
water. However, as the desalinated water by osmosis process is corrosive and undrinkable; its 
remineralization is required to meet the calco-carbonic equilibrium of the produced water.  

Keywords: Demineralization, brackish water, membrane and reverse osmosis 
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Abstract 

Morocco, a bioclimatic and ecological transition country, has fragile water resources, threatened with rapid 
degradation in the coming decades. The Souss-Massa region, located in the south-west of Morocco, is 
among the regions that suffer the most from water stress. The area undergoes a long periods of severe 
drought because of its arid climate with low and irregular rainfall in time and space. Moreover, the economy 
of the region is mainly based on agriculture which consumes more than 90% of the region's total water 
resources. As a result, surface and groundwater resources have become insufficient with regard to the 
demand. Faced with this situation, the agricultural sector has moved towards groundwater depletion, which 
plays an important role in the socio-economic development. Current water related challenges and water 
scarcity problems, caused by imbalances between supply and demand, high population growth, water 
pollution and inadequate funds for the exploitation of available resources, have rendered integrated water 
resources management a necessity. Treated wastewater has been proven to be a reliable alternative water 
resource that can play a vital role in integrated water resources management, addressing both: water 
demand and supply, wastewater disposal and environmental protection.  

This work focuses on the study of the water resources vulnerability in the Souss-Massa region by 
developing a map which presents the vulnerability of water resources throughout the region. Thus, to 
identify the most vulnerable zones, the main indicators determining their vulnerability and taking into 
account the parameters of their exposure, their sensitivity and their ability to climate change adaptation.  

Keywords: Vulnerability, Water resources, Pollution, Water Stress, Wastewater 
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Abstract 

Les ressources en eau naturelles renouvelables sont estimées, selon les dernières évaluations, à près de 
22 milliards de m³ par an, soit l’équivalent de près de 700 m³/hab./an, proche du seuil de 500 m³/hab./an, 
communément admis comme seuil critique indiquant l’apparition de pénuries et de crise latente d’eau.  

Pour accompagner le développement durable du pays et satisfaire les besoins exprimés par les usagers, 
Depuis son indépendance, le Maroc s’est engagé sur la maîtrise de la mobilisation des ressources en eau, 
il a eu pour politique, face à des ressources en eau rares et inégalement réparties, de s’assurer que les 
fournitures d’eau correspondent aux besoins des villes et de l’agriculture, par la construction des barrages, 
le développement des grands périmètres d’irrigation et la mise en place de systèmes d’adduction en eau 
potable des populations. Il a ainsi créé une infrastructure solide et des institutions adéquates. Néanmoins, 
le secteur de l’eau au Maroc se heurte à plusieurs contraintes et problèmes qui, s’ils ne sont pas 
correctement gérés, risquent de limiter l’élan de la croissance économique que le Maroc est en train 
d’opérer à travers le lancement d’un vaste chantier de projets d’envergure. Ces contraintes et problèmes 
concernent essentiellement la limitation des ressources en eau en raison de l’impact des changements 
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climatiques qui constitue aujourd’hui une réalité au Maroc et dont les conséquences sont déjà visibles sur 
son environnement , Qui se traduisent par une réduction des apports d’eau de près de 30% (résultat d’une 
réduction des précipitations de 15%) et une augmentation de l’évaporation risque de réduire davantage 
l’apport des projets de barrages et de transfert d’eau programmés. à cela S’ajoute La quasi-totalité des 
écoulements dans les rivières du pays est déjà mobilisée. 

Plus inquiétant encore, Le rythme de perte de capacité des retenues de barrages par envasement 
s’accélère sous l’effet de l’évolution du taux de mobilisation du potentiel en ressources en eaux 
superficielles et l’accentuation de l’érosion par la sollicitation accrue des sols et du couvert végétal, avec 
une capacité totale perdue près de 2100 Mm3, soit près de 11% de la capacité de stockage des 
barrages.Selon le Secrétariat d’Etat chargé de l’Eau  qui fait le suivi régulier de l’envasement des retenues 
via des études bathymétriques, 40 grands barrages parmi les 148 que compte le Royaume sont impactés. 
Les plus anciens sont les plus touchés. 

 

En plus de ca, géologiquement parlant il n’y plus de sites favorables à la construction de nouveaux 
barrages, dont la réalisation coûte désormais de plus en plus cher. C’est pourquoi, il faut trouver d’autres 
alternatives à savoir le dragage des retenues pour prolonger leur durée de vie et assurer leurs services à 
des niveaux acceptables. Cette technique reste donc le recours ultime dans le cas où l’envasement d’une 
retenue atteindrait des niveaux très critiques en raison du coût très élevé du mètre cube de capacité 
récupérée, c’est pourquoi La valorisation des sédiments doit être  une étape importante dans la 
méthodologie de gestion  des retenues de barrages, ceci permettra l’évacuation de ces matériaux dans les 
retenues, tout en prenant en compte  des critères économiques et environnementaux. 

Dans un esprit de développement durable la valorisation des sédiments issus des dragages offre des voies 
pouvant être exploitées dans différents domaine (agriculture, travaux publique, bâtiment….), son utilisation 
amortira le coût du dragage .et constituera un manque à gagner. 

Keywords: Barrage, changement climatique, envasement, valorisation  
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Abstract 

For a sustainable agriculture, it is essential to use renewable inputs which benefit the plant and cause no 
or minimal damage to the environment. One possible way is to reduce the excessive and imbalanced use 
of chemical fertilizers and pesticides.Plant growth promoting bacteria (PGPB)-basedbiofertilizers are 
ecofriendly agro-input, more cost-effective than chemical fertilizers, and their prolonged use enhances soil 
fertility substantially. 

In this study, we analyze the biofertilization potential of the crude oil-degrading 
bacteriumHalomonasdesertis G11 and the pesticide-degrading bacterium Pseudomonas rhizophilaS211, 
previouslyisolated from a desertic salt lake and a pesticide contaminated agricultural soil, respectively. The 
two nitrogen-fixing, phosphate-solubilizing, biosurfactant-producing strains promoted the growth of wheat 
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in the experiment conducted under pot-house conditions. Here, we analyzetheir genome sequences to 
explore theirpotential features as efficient PGPB. 

After shearing the genomic DNA, custom DNA library preparation and Illumina-sequencing was performed 
by Baseclear N.V., Leiden, The Netherlands. Annotation was performed using the GenBank, COG, Pfam, 
and TIGRFdatabases as well as the Rapid Annotation using Subsystem Technology (RAST) server and 
Integrated Microbial Genomes/Expert Review (IMG/ ER) pipeline. Protein-encoding genes, rRNA operons, 
and tRNAs were predicted by Glimmer, RNAmmer, and tRNAscan, respectively. The genome of G11 strain 
consisted of 3,963,288 base pairs with an average G+C content of 57.82%. A total of 3,639 protein-coding 
sequences, 8 rRNA operons and 58 tRNAs were predicted. S211 genome comprises 5,948,515 bp with 
60.4% G+C content, 5306 coding genes and 215 RNA genes. The genomes of the two novel species 
H.desertis G11 andP.rhizophila S211were close to those of H. arcis and P. brassicacearum respectively, 
with in silico DNA-DNA hybridization and average nucleotide identity values less than 95 and 70%, 
respectively. 

The analysis of bacterial genomes revealed the presence of stress response systems like the biosynthesis 
of compatible solutes ectoine, betaine and oligoperiplasmicglucansto cope with the osmotic stress. G11 
and S211 strains have putative biofilm formation-related genes that encode exopolysaccharides and 
biosurfactants, which are major elements in the root colonization of PGPB. Their abilities to solubilize 
inorganic phosphate are related to the production of organic acids and phosphatases, whereas their 
capacities to assimilate iron is related to the siderophore synthesis. Both strains also produce the indole-3-
acetic acid (IAA) plant hormone, a trait associated with stimulation of root initiation and elongation.  

The genome analysis of G11 and S211 strains further supports the experimental observation of plant growth 
promotion and demonstrates that their possessed potential to be used as biofertilisers. Further comparative 
genomic analysis with phylogenetically closely related strains together with inoculation experiments of 
PGPB consortia will allow for a more comprehensive understanding of the mechanisms used by these 
bacteria to remediate rhizospheric pollutants and to promote plant growth especially for the crops grown in 
contaminated soils. 

Keywords: Pseudomoas, Halomonas, plant Growth promotion, agriculture, biofertilizers 
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Abstract 

Quinoa is a rustic crop resistant to many abiotic stresses as drought, salinity and frost. It is a revenue-
generating crop that has the potential to improve the livelihoods of poor smallholder farmers in areas with 
extreme soil and climatic conditions. As such, it is well suited for addressing income challenges faced by 
smallholder farmers in marginal regions of Morocco. Quinoa seeds have high content in proteins, minerals, 
fiber and amino-acid compared to traditional cereals. Therefore, introducing quinoa in the Moroccan 
nutrition habit will surely have a great impact on local population nutrition as well as income. The main 
objective of this research study is to develop quinoa-based products, including food and by-products taking 
into consideration the Moroccan food habits.  

This work will enable the development of quinoa value chain towards food processing that meets the 
requirements of Moroccan consumers by developing a Moroccan range of traditional agri-food products. 
These agri-food innovations will have a considerable advantage in market positioning nationwide. On the 
other hand, it will provide an added value and a crucial support for marketing strategy of quinoa value chain 
in Morocco. 
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Abstract 

Water and solutes fluxes into interface groundwater - river are complex and up to the season, climate, river 
hydraulic, the relative stay of groundwater level related to runoff water and, physical characteristics of the 
hyporheic layer. In the frame of this study; two methods based on water channel budget by gauging river 
and direct infiltration measures by seepage meter were used to quantify in southwestern Burkina Faso, 
water exchanges between the Kou perennial river and the underlying aquifer. The first method consisted 
to measure within upstream and downstream, the natural flow rate of river at different location, and 
quantifies the recharge and discharge flows. The direct measurement by seepage meter allowed to identify 
locally the water flux into interface "groundwater - river" and determining the directions of these exchanges. 
The finding showed some locations where Kou river gained (1.5 m3/s) or loosed (-0.10 m3/s) water coming 
from groundwater or vice versa. These exchanges were facilitated by important faults and hydraulic 
connectivity between groundwater and surface water. Over the last twenty years, news famers installed 
alongside the river still subjected to conflicting exploitation of water for irrigation; this study showed which 
sections of this river can store more groundwater for irrigation. It also highlighted the need of continuous 
monitoring of river and groundwater water level in order to determine the interactions between these two 
reservoirs and define in this second region of Burkina Faso a rational scheme for agricultural land use.  

Keywords: Groundwater-river interaction, seepage counter, water balance, irrigation, quantification 
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Abstract 

Chtouka Ait Baha region has a unique climate, well suited for irrigated agriculture, making it global leader 
in production of many high value horticultural crops. However, climate change poses many immediate and 
long-term challenges. In order to help growers, manage risks, it is important to study locally relevant 
agronomic indicators that may be affected by climate change and further used as support decision tools. 
Thus, in this paper, we evaluate the influencing parameters (climatic and physical) of the suitability for crop 
cultivation. The projection of land suitability for the period 2031-2050, obtained using the Multiple-criteria 
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decision-making (MCDM) method, shows an important decrease in of 7.3% of ‘Highly suitable’ agricultural 
land under the scenario RCP4.5 and a significant increase of 4.2% ‘Highly unsuitable’ according to RCP8.5 
as compared to the baseline (1985-2005). Projected GDD (growing degree days) in the period 2031-2050 
show a strong shortening in the number of days between planting and maturity as compared to the baseline 
1985-2006, mainly under RCP8.5 emission scenario, with a reduction in the growing period of about 15% 
for tomatoes, 20% for sweet peppers, 21% for beans and 8% for raspberries. Moreover, water productivity 
elaborated from the data provided by farmers in Chtouka Ait Baha regarding yield and irrigation shows that 
beans and capsicums are highly water productive with respectively 11.76 kg.m-3 and 13.33 kg.m-3. 

Keywords: growing period length, growing degree days, Crop water productivity, Climate change 

 

Impact of irrigation on the piezometry of Chtouka (Center West of Morocco) 
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Abstract 

The Chtouka groundwater is located in the western center of Morocco, it’s the main source of water supply 
for agricultural irrigation. It’s covers almost 1 390km2. The recharge capacity is about 40Mm3/year and the 
thickness of the water slide oscillates between 40m South and 140m North. The supply of the aquifer comes 
mainly from the infiltration of precipitation water and also the re-infiltration of irrigation water. 

The results obtained show that the spatio-temporal evolution of the aquifer shows a continuous and very 
significant decline in piezometric levels between 1970 and 2014, particularly in the North and center of the 
plain (as in the region of Aït Amira and Sidi Bibi who has fallen from 22,5 to 47,2m), where intensive 
agriculture is practiced. In this context, we will try to study the piezometric evolution of the Chtouka 
groundwater in order to understand the effect of agricultural samples on aquifer piezometry. 

Keywords: Chtouka groundwater, piezometric drop, agricultural samples, irrigation 
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Abstract 

According to various studies, Africa would have 9% of the world's freshwater renewable resources; it is 
around 4000 km3 of water per year. This misleading abundance masks a huge disparity of resources and 
serious supply difficulties for at least 25 African countries by 2025. The African continent must turn to the 
optimization of its groundwater resources, more reliable than surface water as less sensitive to climate 
variability and pollution. 

Groundwater is an important part of Morocco's national water heritage. The groundwater potential is 
estimated at 4 billion m3 and is distributed at about 80 superficial and deep aquifers. Drought and increasing 
demand for water for human activities increase the stress on these ground waters.Belonging to an area 
with arid climate and which is very vulnerable to climatic hazards, the plain of Bahira, which extends over 
more than 5000km²is an important area for Morocco due to its agriculture and mining activities. 
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Groundwater flows from Ganntour plateau (recharge area) to the basin-fill deposits and Zima Lake and Sed 
Elmejnoun where water evaporates. The Bahira Groundwater knows an overexploitation as well as 
problems of salinization and pollution. In this purpose, an approach to identify the vulnerability to pollution 
of the groundwater, water balance as well, is fundamental. Aware of the Atmosphere-land surface or Soil- 
Groundwater connection, an essential and crutial element has been well studied: The soil. A pedological 
study of the Bahira plain was conducted: field trips, studies of different soil profiles, soil sampling, laboratory 
analyzes (granulometry, organic matter, Electrical conductivity ...) A soil map was developed from these 
data, bibliographic data as well as the contribution of remote sensing and satellite imagery using high 
resolution “SENTINEL 2”. This will allow us to identify the permeability of soils and subsequently quantify 
the infiltration in the plain of Bahira. In addition to that, we studied the landcover and Evapotranspiration 
using satellite based. In parallel with this, a piezometric campaign, conducted during the period of low water, 
was made overallplain; the results of the depth of the water table in 2018 will be compared to those of 
2011.This study has once again sounded the alarm about the huge drop that knows the water table.  

Keywords: Groundwater, Remote sensing, Plain Bahira, vulnerability to pollution, Central Morocco, Soil, 
water table 
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Abstract 

Drought stress is one of the most serious environmental limitations, which affect plant growth and biomass 
production. Plant Growth Promoting Rhizobacteria (PGPR) are known to play an essential role in protecting 
agriculture crops under stressful conditions. PGPR are defined by three intrinsic characters: ability of root 
colonization, survival and high proliferation in competition with other microbes. In this context, a PGPR 
strain Pantoea ananatis VBR3A2, exhibiting high PGP features, was evaluated for roots colonization 
efficiency by confocal laser scanning microscopy. The bacterium was inoculated on tomato plants, 
subjected to drought stress. The growth parameters; shoot and root lengths, shoot and root fresh and dried 
weights and number of leaves were analyzed. The results revealed that Pantoea ananatis VBR2A2 present 
efficient root colonization. Moreover, the inoculated plants showed higher effect on growth parameters as 
compared to uninoculated plants or to the watered plants in some parameters. In order to elucidate the 
mechanisms underlying alleviation of drought stress by the PGPR-applied plants, we investigated the 
activity of antioxidant defense enzymes (SOD, POD and CAT). The treatment with Pantoea ananatis 
VBR3A2 did not enhance the CAT activity compared to the control, whereas, we recorded an important 
induction of SOD and POD activity on the inoculated plant under drought stress condition. 

Pantoea ananatis commonly described to cause disease on a broad range of host plants, has been shown 
in our study for exhibiting high PGP traits, colonizing plant roots and significantly promoting tomato growth 
under drought stress, through the induction of antioxidant enzymes activity. 

Keywords: PGP, Pantoea ananatis, drought stress and plant colonization. 
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Assessment of water productivity in the context of climate change- Case of 

Citrus crop in Souss Region, Morocco 
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Abstract 

This work was conducted in the Souss region, known by severe water scarcity and a high agricultural 
activity dominated by the citrus (representing 40% of the area of Morocco's citrus). The objective of this 
work is to diagnose the current situation of the water efficiency in citrus irrigation and analyze the impact of 
various production factors on water valorization and its sustainability in the context of climate change. 

A field survey was conducted on 125 farms covering an area of 4933 ha. The stratification method was 
adopted as a sampling frame. The farms studied are more or less unevenly distributed according to the 
selected area classes: [0-5 ha [, [10-20 ha [, [20-50ha [and more than 50 ha. The result indicates that the 
use of water shows a huge shortfall. since 31% of farms in the region are still using surface irrigation system 
with an average water supply of 12157 m3 / ha. Although drip irrigation system saves 25% of water, this 
system is still using excessive water (9127 m3 / ha) and 67% of farms are still using only the experience of 
the manager to control and adjust irrigation. 

The assessment of water productivity showed a value of 1.2 kg/m3 for surface irrigation and 3.8 kg/m3 for 
drip irrigation. The use of tools for control and adjustment of irrigation increases the water productivity of 
drip irrigation by 25%. The availability of the technical staff (internal or external) allows an increase in 
productivity of 172.4% compared to farms without technical advice. The agronomic water productivity was 
three times greater with drip irrigation system (3.2 kg / m3) compared to surface irrigation system (1 kg / 
m3). Moreover, with drip irrigation, the agronomic water productivity becomes three times greater if there 
is a technical supervision and five times more important if a technical staff is permanent on the farm. 

Keywords: Citrus, water efficiency, irrigation, Souss region, productivity, integrated water resource 
management 
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Abstract 

The present study aims to investigate the response of pepper (Capsicum annuum L.) grown at high salinity 
to supplementary phosphorus under greenhouse conditions. It shows the effects of optimal and suboptimal 
P fertilizer levels (150 kg ha−1 , 180 kg ha−1 and 210 kg ha-1) in combination with three different irrigation 
waters of variable electrical conductivity (EC) (ECiw = 1.8, 4 and 6 dS m−1 ). Those levels was achieved 
by adding concentrated NaCl solutions to the basic nutrient solution maintained at 1.8 dS/m on growth and 
nutrient content of pepper seedlings. Results show a negative relationship between the irrigation water 
salinity levels and most of the measured parameters. Plants grown in saline treatment produce less fruit 
yield comparing to the control (1.8ds/m). Based on the results it can also be concluded that the optimization 
of P fertilization improve the vegetative growth and whole plant biomass in pepper, giving a better yield 
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under saline conditions, lowering the accumulated salts as well as increasing the photosynthetic pigments 
to combat the toxic effects of salinity.  

Keywords: Pepper, saline water, Phosphorus, Yield, Proline 
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