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Abstract: The Souss-Massa river basin is an arid area located in Southern Morocco. The region is characterized by a very 
intensive agriculture. However, water resources overexploitation, succession of drought years and several sources of 
pollution constitute major challenges for compatibility between securing the existing activity and safeguarding the 
groundwater. In order to cope with water scarcity and attenuate the impacts on groundwater, policy makers encourage 
the reuse of treated wastewater as a substitute resource for agricultural practices. In fact, the Biological System in 
Tiznit based on Anaerobic, facultative and maturation lagoons is an effective treatment technology leading to a good 
quality effluent that complies with WHO guidelines to be used without restriction for irrigation. This successful 
practice in the south of Morocco demonstrates that water reuse can be reliable, commercially viable, socially 
acceptable, environmentally sustainable and safe. In this particular project, cereals, cooked vegetables, fodder crops 
(namely alfalfa) and fruit trees were irrigated. In this paper, costs, benefits, and added-value impacts of wastewater 
treatment reuse as alternative resources are presented. The case of the wastewater treatment plant of Tiznit is 
presented as a successful experience in the region on wastewater reuse with the irrigation of about 430 ha of several 
crops. 
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1. INTRODUCTION  

Water is a major challenge for sustainable development, particularly in arid areas with modest 
water resources and increasing freshwater demand, caused by the population growth and the high 
demand of industrial and agricultural sectors. With climate change constraints and high 
anthropogenic pressure, the reuse of industrial and domestic wastewater can contribute to water 
resources safeguarding and reversing environmental damage from raw sewage discharges (Amraoui 
et al., 2010). In fact, greater water consumption is directly associated with increased wastewater 
generation that requires adequate treatment to prevent health risks and environmental degradation. 
For that reason, the field of wastewater treatment is experiencing a continuous development and the 
reuse of treated wastewater is considered as a good alternative resource, of varied uses, for water 
safeguarding, particularly in areas with high demand and low availability of natural resources.  

Treated wastewater is nowadays world widely used for agricultural irrigation, industrial reuse, 
groundwater recharge, and potable water supply (Asano, 1998). However, it has been largely used 
in agriculture to its socio-economic implications, fertilization supply, and sustainable availability 
(Candela et al., 2007; Singh et al., 2011; Ribasl et al., 2010).  

At Morrocan scale, treated wastewater reuse is adopted in some regions for different uses. We 
have for instance, the Gharb region (North-West Morocco) where the treated wastewater is used to 
recharge the aquifer in order to cope with sea water intrusion caused by overexploitation of 
groundwater. In the Kenitra Region, treated wastewater is used to irrigate forest Eucalyptus trees for 
dunes fixation and wood production (El Oualja, 2013). As well, at Marrakesh and Bensliman cities, 
treated wastewater is used to irrigate golf course (Choukr-Allah, 2013).  

In Souss-Massa region as well, arid area with persistent water scarcity, the development of 
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reclaimed domestic wastewater reuse projects has recently emerged as a potential nonconventional 
resource to satisfy the increasing water demand (Choukr-Allah and Hamdy, 2005).  

2. PRESENTATION OF STUDY AREA AND PROBLEMATIC 

Souss-Massa, Southwestern Morocco, extends over 12,000 km2 and is divided into Souss plain 
(4.150 km2), Massa plain (1,600 km2) and the Mountainous areas of high-Atlas and anti-Atlas 
(6,250 km2) (Figure 1). Climate is arid in the West and becomes semi-arid towards the east. 
Rainfalls are rare and irregular in time and space with an average precipitation of 250 mm/year in 
the plain and 500 mm/year in the mountain. And the evaporation is high with a potential superior 
than 2000 mm/year (Bouchaou et al., 2008). 

In the last decades, the region has known a fast urbanization coupled with the expansion of 
economic activities, raising the pressure on the limited water resources on the area. In fact, Souss-
Massa region is largely depending on agriculture for social and economic development which 
requires huge quantities of water. Indeed, total water resources of Souss-Massa basin river are 
estimated at 816 Mm3, while total water demand is estimated at 1076 Mm3, from which 90 to 95% 
are used in irrigated agriculture (Tagma et al., 2009). This has led to a water deficit exceeding 
260 Mm3 (Hirich et al., 2015). As a result, the aquifer has undergone a reduction of the piezometric 
level from 0.5 to 2.5 m/year causing saline intrusion in coastal areas, water quality degradation and 
threats to environmentally interesting areas (F.A.D., 2012). 

3. WASTEWATER MANAGEMENT IN SOUSS MASSA RIVER BASIN  

3.1 Wastewater collect  

Although surface water resources in the Souss Massa basin are good on average, the streams 
water quality is considered critical downstream the urban discharges, and groundwater resources 
quality is ranging from good in the Souss water table to very poor in Tiznit and Chtouka water 
tables. The degradation of water resources has been induced by domestic, industrial and agricultural 
pollution (ABHSM, 2006).  

According to the investigations conducted by the hydraulic basin agency of Souss-Massa in 
2007, the urban area of Agadir is generating annually over 11872 tons of BOD5, which represent 
about 68% of the total domestic pollution load of Souss-Massa Region.  

Moreover, the industrial sector is participating as well to the total pollution load with about 71% 
of potential polluting industries located at the provinces of Chtouka-Ait Baha and Inezgane Ait 
Melloul (Cement plant and food industry). Taroudant city counts about 24% with the largest 
organic pollution load producted by the dairy industry (82% of BOD5 and 77% of COD). The 
provinces of Tiznit and Agadir-Ida-Outanane register the lowest values with respectively 4% and 
1% of potential polluting industries. 

Agricultural pollution in Souss-Massa basin is mainly related to farming practices and livestock. 
Nitrate pollution resulting from agriculture depends on the practice of fertilization, irrigation mode 
and the use of pesticides (Malki et al., 2016 a,b). Consequently, to assess the agricultural pollution 
load, it is required to define varieties of crops in the area, quantities of applied fertilizers and 
pesticides, type of soil as well as the number of livestock.  

In one hand, the spatial distribution of nitrate concentrations in the Souss-Massa basin makes 
evident the relation between nitrate pollution and the different agricultural practices. The figure 1 
shows clearly that the irrigated areas with practices involving intensive use of nitrogen compounds, 
are registering high nitrate concentration (>50 mg/L). In addition, nitrate pollution is also affected 
by type and soil texture. Nitrate leaching is higher in shallow soils with light texture as it is the case 
of Chtouka and Massa’s soil (sandy texture with a low clay content). The agricultural pollution load 
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based on the leached nitrogen amounts was estimated by the ABHSM to about 1511 tons of nitrates 
per year.  

In the other hand, the Province of Taroudant has registred a remarkable increase in livestock 
activity with an important pollution load evaluated by the agency to 1.04903 million kg/year of SM, 
563353 kg/year OM, 63338 kg/year N and 14433 kg/year generated in 2007. 

 

Figure 1. Spatial distribution of N03 contents related to irrigation mode used in Souss-Massa basin (Malki et al., 2016c) 

3.2 Wastewater treatment 

Liquid sanitation is a concern for both water managers and users. The region contains 6 main 
sewage treatment plants: 2 purification plants per infiltration percolation on sand and 4 sewage 
treatment plants by natural lagoon (Figure 2). There are also special treatment plants such as 
Agadir-Massira airport plant, the station of Douar-Oulad-Mimoun in Chtouka, the plant of COPAG 
in Taroudant, and several other similar stations spread over different douars and communes of the 
region. As regards industrial wastewater, RAMSA has required manufacturers to set up a treatment 
system at the source and separate the brines before being discharged into the sewerage networks. 
Additionally, several sewage treatment plants are under construction in the Souss-Massa region, 
notably in Aourir and Anza. 

The following table presents the important characteristics of the main sewage treatment plants of 
Souss-Massa region. 

However, connection to the sanitation network remain relatively low in some cities such as 
Taroudant and Ouled Taima along with small centers like Massa, Sidi Ifni, Biougra, Ouled Barhil, 
etc., where only a part of the population (63% to 85% of Taroudant and Ouled taima population, 
respectively) are connected to the sanitation canal. The cities do not have an appropriate 
management of sewage, and wastewater is directly rejected without any treatment. 
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Table 1. Characterization of Main sewage treatement plants of Souss-Massa Region 

Station 
name 

Total 
Capacity 

Purification 
rate 

1st 
treatment 

2nd 
treatment 

Additional information 

Bensergaou 
(Fig. 2a) 

750 
m3/day 

98 % anaerobic lagoons percolation infiltration Infiltration through a sand 
filter 

M’zar 
(Fig. 2b) 

  • Anaerobic phase 
• Capacity 75 000 m3/day 
• Purification rate 60% 

• Infiltration percolation 
• Capacity 10 000 m3/day 
• Purification rate 96 to 

99% 

• Third treatment UV 
• Capacity of 30 000 

m3/day 
• Reduction of 1000 FC 

per 100 ml. 
Drarga 
 

650 
m³/day 

98% Infiltration-percolation Infiltration-percolation Tertiary treatment in a 
reed bed 

Biougra 
(Fig. 2c) 

 21 000 
Equivalent 
Habitant 

Natural lagooning   

 Ait Iaazza 
 

200 
L / s 

 Natural lagooning   

Tiznit 
(Fig. 2d) 

5800 
m3/day 

 Natural anaerobic 
lagoon 

Natural anaerobic in 
facultative basin 

Tertiary treatment (12.21 
days retention time in the 
maturation pond) 

  

Figure 2. Treatment plant of (a) Bensergaou, (b)M’zar , (c) Biougra and (d) Tiznit. (Daoudi, 2011) 

4. TREATED WASTEWATER REUSE IN SOUSS-MASSA REGION. 

4.1 Potential of treated wastewater reuse in Souss-Massa region  

The potential of treated wastewater is estimated to 50 Mm3/year from which 60% is produced in 
Agadir (Choukr-allah et al., 2005).  

Treated wastewater by Ben Sergao station is used for irrigation of golf courses and landscapes. 

a b 

d c d 
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In Ait Melloul city, reuse is adopted for silviculture by the irrigation of 400ha of Argan forest using 
about 4 Mm3/year of treated wastewater produced by the M’zar station (Benzine, 2012). As well, in 
Drarga city, the reuse is adopted for the irrigation of about 16 ha of some cereals, forage and 
vegetable crops using the drip irrigation system, recording an increase in the yield of the irrigated 
crop, which indicates the efficiency of treated wastewater reuse. This increase is mainly resulting 
from more supply of nitrogen, since the treated wastewaters contain already some fertilizing 
elements and allow the farmer to save fertilizes inputs (Choukr-Allah, 2003). 

4.2 Wastewater reuse in agriculture: case study of Tiznit pilot project 

Tiznit city is characterized by an arid climate with low and irregular rainfall coupled with 
prolonged drought sequences. The average rainfall is 150 mm/year. In this context, the protection of 
the resource becomes a priority concern in development programs, and the treatment and reuse of 
treated wastewater in agriculture is thus presented as a key solution. This allows exploiting a 
resource with additional water available at all times. Reducing operating costs by minimizing 
chemical fertilizer is also to consider (DPA, 2009). 

4.2.1 Technical aspects 

The wastewater treatment is located in the West side of Tiznit city, Southern part of Morocco 
(Figure 1). It extends over 39 hectares and was first operated in 2006. The total cost of the plant was 
41 Million MAD (3.8 Million Euros). Part of the cost (70%) was supported by ONEP through a 
German cooperation and the rest was paid by the municipality who offered the land (Daoudi, 2011). 

For the implementation of this project, several steps have been taken. A monitoring committee 
was first created; led by the DPA. An agreement between all stakeholders, including the health 
department, was developed with well-defined responsibilities. Most of the farmers will use drip 
irrigation as a suitable technique to irrigate their crops, because of the water quality and low volume 
of water available. The government will subsidize 100% of the investment needed for drip irrigation 
system. 9 Million MAD (about 1 Million USD) was invested in the reuse project to pump the 
effluent to the irrigated areas and install the irrigation network. The hydro-agricultural development 
is funded by the Agricultural Development Fund (Choukr-allah, 2003). 

The treatment plant was designed for an average flow of 4900 m3 for the first phase and 5800 m3 
for the second phase. It is a natural lagoon system using a primary treatment (3.1 days retention 
time in an anaerobic basin), and secondary treatment (24.3 days retention time in a facultative 
basin), and a tertiary treatment (12.21 days retention time in the maturation pond). 

Two locations are using the treated wastewater of Tiznit Plant. Downstream of the plant 
(Attbane) where treated wastewater could be conveyed by gravity, and in the upstream (Doutourga) 
where the effluent is pumped using a pumping station. The farmers of the areas were organized in 
agricultural irrigation associations in order to facilitate awareness programs on the best practices for 
reusing treated wastewater. The total of the farmers plots were 665 with average size of 0.65 ha 
(Chourk-allah et al. 2005). 

The cropping system is based on fruit crops (olives and pam trees), cereals (wheat and barley), 
vegetable crops and forage crops (beans, cauliflower, artichoke, alfalfa). 

4.2.2 Qualitative evaluation 

The quality of treated wastewater by Tiznit plant complies with the Moroccan standard laying 
down the specific limit values for domestic waste. According to the DPA directives for the 
classification of crops, this treated wastewater can be reused in irrigation for category B (irrigation 
of cereal, industrial or fodder crops, pastures and fruit trees) and category C (localized irrigation of 
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Category B crops in the absence of exposure of workers and public). 

4.2.3 Added values of Tinzit pilot project 

Within the Tiznit area, wastewater reclamation and reuse has contributed to the food security of 
the region by producing several crops for several years using treated wastewater. In Morocco, the 
inclusion of wastewater reuse in its National Water Strategy since 2000 signaled the placing of a 
high priority on the value of reclaimed water. The high-quality treated wastewater coming out of the 
treatment plant and being used to irrigate alfalfa and olive trees demonstrates the safe and effective 
use of reclaimed water in irrigating high-value crops. 

This demonstrates that the reuse of treated wastewater in the region of Tiznit is reliable, 
commercially viable, socially acceptable, environmentally sustainable and safe. The direct 
beneficiaries from this project and its expansion are the farmers and society, whose income, 
standards of living and economic status were remarkably elevated, almost reducing unemployment 
and poverty. 

The productivity of the lands irrigated with reclaimed water was substantial. In fact, the 
processed wastewaters bring fertilizing nutrients and save inputs and increase the yield of the crops.   

5. CONCLUSION  

Water is playing a central role in curbing poverty and supporting economic development and 
stability of several regions of Morocco. The water imbalance is becoming more severe throughout 
the years, worsened by climate change in the country. As a result, the government of Morocco 
implemented various projects in order to satisfy water demands by integrating wastewater reuses as 
an additional water resource. The local agriculture extension service provided a great support to the 
dissemination of the best practices for the reuse of treated wastewater and the precautions to prevent 
any health risks for the farmers and the consumers, as well as for the protection of the soil and 
groundwater deterioration. 

The high competition between water use sectors are leading to the use of marginal water in 
Agriculture. Non-treated wastewater reuse is a common practice since 1980; because of the 
increasing water demand, the succession of dry seasons and increasing aquifer salinity. It is 
estimated that Tiznit, by the year 2020, will reuse 100% of the treated wastewater in the Agriculture 
sector. 
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