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Abstract- The introduction of a forage crop in some marginal soils located in four sites of Souss region, a semi-arid zone of 
agricultural production in Morocco, was evaluated. The assay was performed using lupine, a nitrogen fixing and traditional 
crop cultivated on soil samples collected from the four sites and irrigated with domestic treated wastewater. Soil samples of 
the selected sites revealed globally sandy texture with neutral to alkaline pH (7,5 to 8,1). Seeds of tested lupine species 
showed to harbor no pathogen but a high number of staphylococcus. Physico-chemical and microbial analyses performed 
before usage of the treated wastewater indicate low levels of total suspended solids and nitrogen compounds in comparison 
to the thresholds established by irrigation norms which are 10 mg/l and 30 mg/l respectively. Nodulation tests were positive 
at 73%. 
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I. INTRODUCTION 
 
Lupine is an endemic plant in Morocco. Some species 
were traditionally and intensively used as a forage 
crop, as a green manure and also as a medicinal plant 
by local communities. These plants are actually 
underutilized, for giving place to other more 
productive introduced forage species. This fact can 
lead to great genetic erosion. On another side, soil 
loss and water scarcity are amongst the main factors 
for land degeneration. The urban expansion has a 
high impact on water demand increase as well as on 
wastewater production which generate negative 
impacts on the environment if not recycled or 
properly treated. 
Treated wastewater can be a reliable source of water, 
especially in arid and semi-arid regions, where it can 
replace various conventional water usages like 
irrigation of crop plants, landscapes and gardens 
depending of the local demand and social awareness. 
In this work, we aimed to evaluate the introduction by 
testing the nodulation capability of a cultivated and a 
wild two lupine species cultivated on some marginal 
soils reserved to a landscaping development program 
by the use treated wastewater as a supplemented 
source of nutrients with respect of the Moroccan 
guidelines set for the category of unrestricted 
irrigation. 
 
II. MATERIAL AND METHODS 
 
2.1 Analysis of soil samples 
The study area covered the prefecture of Inezgane-Aït 
Melloul situated in Souss region with the following 
localities: Inezgane, Aït Melloul, Lqliaa and Temsia. 
Four sites were prospected in each locality and soil 
samples were collected from each site. The final 
number of considered sites was based upon the 

proportion of active lime, texture and pH. Soil 
analyses encompassed conductivity, the percentage of 
organic matter and the amount of nitrate, phosphorus 
and other minerals, in addition to the tests already 
mentioned above.  
 
2.2 Analysis of lupine seeds 
Lupine was chosen for the present assay for being 
adapted to sandy and rocky soils, for its resistance to 
drought and especially for its high amount of nitrogen 
fixation (Birouk, 1990).   
Two endemic species were tested; Lupinus cosentinii 
from Rabat region and Lupinus luteus, a cultivated 
variety from the Gharb region.  Seeds were subjected 
to a microbial analysis to evaluate the amount of total 
bacteria, coliforms and staphylococcus and to detect 
any pathogenic contamination by listeria, salmonella 
or E-coli O157:H7 according to the NM-ISO & ISO 
related methods.   
 
Two cultivation methods were enrolled, direct sowing 
for L. cosentinii during March in an experimental 
station at Aït Melloul and on pot cultivation for both 
species. The latest method was used for symbiotic 
bacterial strains trapping after overnight seeds 
disinfection with 10% sodium hypochlorite diluted 
solution followed by several rinse cleansing with 
sterile distilled water. Seeds were subjected to the 
water-agar test and three well-germinated seeds were 
planted per pot. Pots were placed under natural 
climate conditions. Both species were subjected to 
germination test before planting. 
 
2.3 Analysis of treated wastewater 
Wastewater was provided from the water treatment 
plant L’Mzar of Agadir city. Before use, two samples 
per month were collected and subjected to microbial 
and physico-chemical analyses.  
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Microbial analysis was performed by the membrane 
filter technique and the most probable number (MPN) 
for enumerating total coliforms, Thermo-tolerant 
coliforms and faecal streptococci upon ISO 
standardized methods.  
Physico-chemical analysis covered pH, total 
suspended solids (TSS) and the amount of nitrogen 
compounds using the following Afnor methods: NF 
T90-015-2 for ammonia, NF T90-013 for nitrite and 
NF T90-012 for nitrate.  
Results of analyses were compared to the Moroccan 
water standards of unrestricted irrigation (S.E.E.E, 
2007). 
 
III. RESULTS AND DISCUSSION 
 
3.1 Analysis of soil samples 
Soil analysis revealed a light and fine sandy texture. 
The other characteristics showed to be similar for 
Inezgane, Lqliaa and Temsia localities with a slight 
alkaline pH (7.5 to 7.9), low conductivity (0.07 to 
0.11 mmhos/cm), low amount of nitrate (3.4 to 14 
ppm) and moderate amount of phosphorus and 
organic matter. In constrat, Aït Melloul locality has 
an alkaline pH (8,1), high conductivity (1,18 
mmhos/cm) and very low amount of nitrate (11,2 
ppm), phosphorus and organic matter. Nitrogen, 
phosphorus and potassium are the most important 
elements for plant growth. The active lime ranged 
from 0,41 for Temsia to 3,02 for Aït Melloul site. In 
fact, the tested plant species can grow on soils with 
active lime not exceeding 2,5 % (Tang & Thomson, 
1996) and were found on soils with pH from 4,2 to 
7,9 (Thami et al., 2004). Thus, some of the soils can 
be suitable for the introduction of lupine to enhance 
the nitrogen content if suitable symbiotic bacteria 
exist already in these soils.  

3.2 Analysis of lupine seeds 
Microbial analyses of the used lupine seeds indicate 
no contamination by pathogens. However, a high 
number of staphylococcus was detected. This might 
be due to seed handling of by storekeepers and 
suppliers. 
 
3.3 Analysis of treated wastewater 
Microbial analyses of the treated wastewater indicate 
a good hygienic quality. The number of faecal 
organisms was very low than 103/100ml fixed as a 
standard norm. Therefore, the water was considered 
to present no risk of existing pathogens.  
Physico-chemical analysis revealed a neutral pH of 
7.2 to 7.4, TSS ranged between 6 to 8 mg/l while the 
norm value is 10 mg/l. Nitrogen compounds were 
very low especially for nitrate with values varying 
from 6.17 to 13.46 mg/l while the norm value is 30 
mg/l. Mouhanni et al. (2011) have found a value up to 
350 mg/l of nitrate in treated wastewater issued from 
the same plant (Thami et al., 2004).  
3.4 Final results 
No seed emergency was noted for direct sowing with 
L. cosentinii. Furthermore, a low germination rate 
was given with this species: 6.6% within a week in 
comparison with L. luteus that gave 100% of 
germination within 3 days. Huyghe (1993) reported 
that the growth lupine seedling is affected by the size 
of seeds. Indeed, L. cosentinii has a small and hard 
seeds compared with L. luteus. 
Trapping symbiotic bacteria gave positive results. In 
this experiment, plants were removed from pots 
carefully at three to four leaf stages. Nodules were 
counted and the mean number of nodules per 10 
plants was recorded (Table 1 and Fig. 1).    

 
Table 1: percentage and number of plant roots nodules counted from each locality 

 
 

 

Figure 1: Nodules on plant roots of Temsia’s locality 
Nodulation tests were successful at 73%. The size of 
nodules and their site on roots varied considerably 
even between plants grown on the same soil. Plants 
harvested from Temsia and Laqliaa soils showed to 
harbor the high number of nodules. Soils 
characteristics of these localities are very promising 
to protect symbiotic bacteria and to induce 
nodulation. In addition, no previous nitrogen 
treatment was made and the nitrate amount of the 
treated wastewater is very low for having any 
negative effect on nodulation. Surprisingly, plants 
harvested from Aït Melloul soil showed also a good 
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nodulation capacity. Lime content and alkalinity were 
reported to play a drastic effect on the nodulation of 
white lupine (Annicchiarico & Thami, 2012). 
Another research reported the success of nodulation 
with an alkaline tolerant lupine species and some 
rhizobacteria belonging to the bradyrhizobia 
(Sánchez-Cañizares et al., 2011). Another result of 
this survey is the presence and the persistence of 
native rhizobia that can nodulate L. luteus. Thus, the 
crop species or variety (Christiansen et al., 2000), the 
symbiotic and specific rhizobia (Abd-Alla, 1999), the 
soil characteristics (Annicchiarico, 2007) and the 
microclimate should be all considered for the 
establishment or failure of the symbiosis and so the 
nodulation.  
 
CONCLUSIONS 
 
Lupines are not encountered in the south of Morocco 
(Thami et al., 2004). But the introduction of this plant 
can be very promising for diversification and 
agricultural genetic improvement and for biofertility 
regeneration of soil in arid and semi-arid regions. 
High-yielding and resistant cultivars or species to the 
prevailing environmental conditions can be used. 
Through this survey, we have detected the presence 
of native symbiotic rhizobacteria that can induce 
nodulation. These bacteria should be also isolated and 
studied under the same abiotic stress conditions in 
order to select adapted and efficient couple plant – 
bacteria. At last, treated wastewater can be reused on 
the basis of local needs and without generating any 
negative impacts on the symbiosis or the 
environment. 
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