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ABSTRACT 

 Agriculture is the dominant activity in Western middle Cheliff valley (North of Algeria). 
The agricultural land surface constitutes 67% of the total of which 65% are irrigated effectively. 
The main cultures are arboriculture and the garden farming. The appraisal of the mineral 
nitrogen contributions for the year 2004 shows that 97% of these last come from N-fertilizers 
against 3% only result from water of irrigation. As for the organic nitrogen contributions, the 
breeding constitutes the dominant share compared to the municipal wastewater (5%).            

The losses of nitrogen are bound to the absorption by the culture, to the volatilisation of 
the ammonia encouraged by the pH of soils and the temperature raised in the area study and 
finally to the denitrification. 
 The losses by leaching in depth are very low in the centre of the valley because of the 
fine texture of the soils that confer them a weak permeability (0.2 to 0.5 cm/h), in addition to a 
clayey massif of important thickness separating the soil of the aquifer. On the contrary, on the 
borders of the valley whose soils are very permeable (10 cm/h) receiving an intensive N-
fertilization, we record the strongest nitrate concentrations in groundwater of area study.  
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 1 INTRODUCTION 
Large quantities of inorganic and 

organic N fertilizers are applied each year in 
agricultural areas [1, 2, 3, 4], which 
increases the threat from NO3

- 
contamination in groundwater. However 
several processes can manage these 
quantities of nitrogen in the nature [5]. In 

this work, we try to observe the fate of the 
enormous quantities of nitrogen brought on 
the soils of western middle Cheliff valley in 
north of Algeria during the year 2004.  
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2 MATERIALS AND METHODS 

2.1 Characteristics of study area 
 The zone of study is located in 
North-Western Algeria, approximately 200 
km to the west of Algiers, and 30 km away 
from the Mediterranean. It occupies a 
territory of 300 km2 approximately in the 
basin of Western Middle-Cheliff (Fig. 1) and 
pertaining to the large catchment area of 
Cheliff-Zahrez. The area is characterized by 
a semi-arid climate. The infiltration deduced 
from the surplus water constitutes 7% (25 
mm) of total rainfall (361 mm). The alluvial 
aquifer situated in centre of this zone is 
exploited for the drinking water supply, the 
irrigation and industry with an annual 
volume of 15 Million m 3. The depth of 
water varies   between 4 and 65 m with an 
average oscillating around 22m. 

          

Figure 1 Location map of study area 

Two big wholes of soils are observed:       
- Soils of the borders of the valley;  They 
have a balanced texture (25% sand, 35% silt 
and 40% clay), are  deep and structured and 
present high hydraulic conductivity with 
elevated pH (8)   [6]. 
 - Soils of plain, alluvial, with variable 
texture, locally clayey. The heavy soils (> 
40% of clay on average) are important on 
the more recent alluvial formations as the 
plain of Boukadir, northwest of Wadi Sly 
and southwest of Ech-Chettia; They can 
show signs of saltiness (included 

conductivities between 2 and 4 dS/m [7]) 

bound to a deficient internal drainage, what 
would provoke the decrease of hydraulic 
conductivity already very weak. These soils 
are chalky (21% of CaCO3) with a very high 
pH (8,33).    
The C/N report for the two types of soils 
denotes a good mineralization, of a weak 
rate of nitrogen mineralizable bound to the 
weak content in organic matter.     
The agricultural land surface constitutes 
67% of the total of which 65%, either 11700 
ha, are irrigated effectively. The main 
cultures are arboriculture and the garden 
farming; this last, located near the borders of 
area study, is a large consumer of 
nitrogenous fertilizers and irrigation relies 
mainly on groundwater.  

3. RESULTS AND DISCUSSION 
3.1 Quantification of the nitrogen 
contributions    

3.1.1 Contributions from N-fertilizers    

  The industrial chemical fertilizers, 
particularly, the NPK 15.15.15 is 
predominant for the quasi - totality of the 
exploitations with yearly middle doses of 
500 kg ha-1 for arboriculture and until 1000 
kg ha-1 for the potato. The uses of other N 
fertilizers as the urea (46%) and the sulphate 
of ammonium (21%) are estimated as high 
as 50-600 kg ha-1 for the cereals, 
arboriculture and the garden farming.    
The quantity of nitrogen gotten for every 
type of culture (fig. 2) is deducted of the 
product of the dose of fertilizer that it 
receives by the corresponding surface. 

3.1.2 Contributions from the water of 
irrigation   

 The surfaces of the garden farming 
and cereals are irrigated from the waters of 
wells of which NO3

--N concentrations 
exceed the potability standard of 50 mg/l 
[8]. 
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If we admit only this concentration (50 mg/l) 
in the water of well, we will be able to 
estimate the quantity of nitrogen brought by 
this water while using the formula below 
[9]: 

[ ]
2

irrig3

10 x 4,43

Q   ×
=

−NO
XN                                (1) 

Where, NX is the yearly nitrogen quantity 

brought by the water of irrigation (kgN ha-1 
yr-1), [ ]−

3NO  represent the nitrate 

concentration of the water of well (mg/l) and 

irrigQ  = yearly quantity of irrigation water 

(mm yr-1). The number 4.43 corresponds to 
the report of masses molar NO3

-/N.   
The total quantity of nitrogen brought by the 
water of irrigation represents only 3% of the 
one produced by the N-fertilizers (Fig. 2).   

 

Figure 2 Annual mineral nitrogen             
contribution 

3.1.3 Contributions from breeding  
 The exploitations of the breeding for 

the different animal species (bovines, ovine, 
goats and poultries) are located in the 
borders of the valley (in the townships of 
Ouled fares, Abiadh Medjadja, Sobha and 
Boukadir). The calculation of the yearly 
total quantities of organic nitrogen generated 
by the set of every animal category is based 
on the values of nitrogen produces annually 
by head for every species, proposed by the 
CORPEN [10]. 

3.1.4 Contributions from municipal 
wastewater 

Organic nitrogen estimated for 
Individual septic tank systems constitutes 
only 5% of the one generated by the 
breeding (Fig. 3).   

 

Figure 3 Annual nitrogen contribution     
(mineral and organic)  

3.1.5 Total contributions in nitrogen    
   Nitrogen brought by agriculture 
(fertilizers and water of irrigation) 
constitutes 86% of the total nitrogen brought 
to the soils of the valley. 97% of this last 
(fig. 3) is attributed to nitrogenous fertilizers 
used extensively in garden farming, potatoes 
in particular. Extrapolated to the total 
irrigated area, this contribution is estimated 
at 238 kg ha-1 yr -1. 

3.2 Effect of soil characteristics on 
the nitrogen balance 

The methods of the nourishing 
elements balances permit to develop a 
lasting agriculture (Parris, 1998). The 
nitrogenous balance method proposed by the 
COMIFER [11] and the CORPEN [12], 
detailed in Ruiz and al., [13]   permits the 
nitrogenous excess calculation whose 
general formula can be given by the 
following equation:   



Proceedings of ICAMMM 2010, 13-15 December 2010, Sultan Qaboos University, Oman 

 

 

∑ ENTRIES - ∑ EXITS = natural 
Contributions + non natural contributions - 
A - V - D - L    
With A=Absorption by the plants, V= 
volatilization, D=dénitrification and L = 
Leaching. 

3.2.1 The entries 

1 Natural Contributions 

A - Atmospheric nitrogen contributions: The 
content in nitrogen of the rainwater varies of 
less than 1 mg/l to several mg/l, but in 
general, it doesn't pass the 2 mg/l [14]. 

Nitrate concentration of the precipitations 
falling on the study area doesn't pass 2 mg/l 
[15]. This weak concentration doesn't seem 
to influence the entries.       

B - Contributions by mineralization: The 
organic matter rate is very weak on the soils 
of the study area (< 2%); this last will 
continue to decrease in the time in parallel 
with an increase of the speed of 
mineralization by effect of the semi-arid 
climate. The two phenomena decrease the 
capacity of soil to provide nitrogen by 
mineralization. 

2 Non natural contributions 

They constitute the sum of contributions 
from N-fertilizers, the water of irrigation, 
the breeding and municipal wastewater. 
They are valued to 3358 T yr -1.  

3.2.2 The exits 

1 Absorption by the plants: If we keep the 
lower doorstep of the absorption rate (60%) 
of nitrogen contained in fertilizers 
recognized by Tremblay and al., [5], the 
quantities of nitrogen absorbed by the plants 
in study area from the different fertilizers 
applied would be the order of 1669 T yr -1. 

2 Volatilization: The losses by volatilization 
depend on conditions of soil (pH, capacity 
of exchange, porosity, humidity) and of the 
climatic conditions [16].  

The losses by volatilization at the time of the 
application can reach 40 to 50% of nitrogen 
applied in the conditions of chalky soil, of 
pH> 7,5 and of elevated temperature [5, 17] 

However, the urea remains the fertilizer that 
frees the strongest quantities of ammonia in 
the atmosphere, producing 72% of the 
quantities freed by the fertilizers [18]. In the 
study area, the quantity of nitrogen that 
could be volatilized from the urea, for a 
doorstep of 40%, would be the order of 307 
T yr -1, either about 11% of the total of 
nitrogen (2781 T). 
3 Denitrification: This process is thought to 
be important in agricultural soils because 
agriculture has been recognized as 
contributing nearly 70% of the 
anthropogenic emissions of nitrous oxides, a 
by-product of denitrification, to the 
atmosphere [19]. The fraction of nitrogen 
lost by denitrifiocation given N2O is located 
particularly on soils badly aired to basic pH, 
in the conditions of elevated temperature (> 
15°C). For a middle doorstep of 20% 
advanced by the works of Trembley and al. 
[5] the fraction of applied mineral nitrogen 
capable to be topic to the denitrification in 
the study area would be meadows of 556 T 
yr -1. 

4 Leaching: the equation of the balance 
gives a percentage of 9% of the total of 
nitrogen that could reach the aquifer. The 
phenomenon of leaching would be more 
favourable on the borders of the valley 
where soils are characterized by the 
strongest permeabilities, contrary to the 
center constituted by deep soils with very 
fine texture. 

CONCLUSION 

In the semi-arid regions 
characterised by a strong agricultural 
activity, it is necessary to take always into 
account some entries: nitrogen brought by 
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fertilization, nitrogen brought by the water 
of irrigation whatever weakly [20]. It is 
generally useless to include nitrogen coming 
from the precipitations or the mineralization.    
 In the same way, it is necessary to 
take into account some exits in the 
calculation of the nitrogenous balance: the 
quantity of nitrogen absorbed by the culture, 
the denitrification and the volatilization 
particularly for the chalky soils with a basic 
pH. The calculation of the quantity of 
nitrates leaching is not always essential 
since the infiltration is very weak in these 
regions.   

REFERENCES 
[1] Z.Z. Feng, X.K. Wang and Z.W. Feng, 
(Soil N and salinity leaching after the 
autumn irrigation and its impact on 
groundwater in Hetao Irrigation District, 
China. Agric. Water Manage, 71, 131-143, 
2005. 
[2] A.A. Elmi, C. Madramootoo, M. Egeh 
and C. Hamel, Water and fertilizer nitrogen 
management to minimize nitrate pollution 
from a cropped soil in south western 
Quebec. Canada. Water Air Soil Pollut., 151, 
117-134, 2004. 
[3] A. Sivertun and L. Prange, Non-point 
source critical area analysis in the Gisselo-
watershed using GIS. Environmental 
Modelling&Software, 18(10), 887-898, 
2003. 
[4] J.A. Delgado and M.J. Shaffer, 
Essentials of a national nitrate leaching 
index assessment tool. Journal of Soil and 
Water Conservation, 57, 327-335, 2002. 
[5] N. Tremblay, H.C. Scharpf,  U. Weier, 
H. Laurence and J. Owen, Régie de l’azote 
chez les cultures maraîchères, Guide pour 
une fertilisation raisonnée, Agriculture et 
Agroalimentaire, Canada, 70 p, 2001. 
[6] Scet Agri, Bilan des ressources en sol.  
Etude du réaménagement et de l’extension 
du périmètre du moyen Chéliff: Rap A1.2. 1. 

Pub. Ministère de l’Hydraulique, Algérie, 
35p, 1984b.   
[7] N. Bettahar and A. Douaoui, Effect of 
the pedoclimatic conditions on nitrogen 
assessment, Arab Water World – AWW – 
Vol. XXXI – Iss. 8, 41-42, 2007. 
[8] C. Martin, Mécanismes hydrologiques et 
hydrochimiques impliqués dans les 
variations saisonnières des teneurs en 
nitrate dans les bassins versants agricoles. 
Approche expérimentale et modélisation. 
Thèse Doctorat, Ecole de Renne 1- France, 
269 p, 2003. 
[9] CORPEN, Normes CORPEN pour 
l’estimation de l’azote produit sur 
l’exploitation. Circulaire des Programmes de 
Maîtrise des Pollutions Agricoles  (PMPOA) 
n° 5010, 1988, 1999 and 2001. 
[10] K. Parris, Agricultural nutrient balances 
as agri-environmental indicators: an OECD 
perspective. Environmental Pollution, 102, 
219-225, 1998. 
[11] COMIFER Calcul de la Fertilisation 
Azotée Des Cultures Annuelles. Comité 
Français d‘étude et de développement de la 
Fertilisation Raisonnée, 1996. 
[12] CORPEN, La fertilisation raisonnée. 
Comité d’Orientation pour des Pratiques 
agricoles respectueuses de l’Environnement, 
1988.  
[13] L. Ruiz, S. Abiven, P. Durand, C. 
Martin, F. Vertès and V. Beaujouan, Effect 
on nitrate concentration in stream water of 
agricultural practices in six small budgets. 
Hydrology and Earth System Sciences, 6(3), 
497-505, 2002a.   
[14] A. Pinheiro, Un outil d’aide à la gestion 
de la pollution agricole : le modèle POLA. 
Thèse Doctorat, INP – Toulouse, 344 p, 
1995.15] S. Ikhlef,  Etude de la pollution de 
la nappe alluviale du haut Cheliff par les 
nitrates. Mémoire de Mag., Univ. HBB 
Chlef, 145 p, 2008. 
[16] S.G. Sommer, J.E. J.E. Olesen and B.T. 
Christensen, Effects of temperature, wind 



Proceedings of ICAMMM 2010, 13-15 December 2010, Sultan Qaboos University, Oman 

 

 

speed and air humidity on ammonia 
volatilization. Journal of Agricultural 
Sciences, 117, 91-100, 1991. 
[17] W.L. Hargrove, Evaluation of ammonia 
volatilization in the field. J. Prod. Agri., 1, 
104-111, 1988. 
[18] Environnement Canada, Canadian 
Environmental Protection Act-Priority 
Substances List-1995 Ammonia Emissions 
Guidebook. Première ébauche. Direction 
des données sur la pollution, Hull (Québec), 
2000. 
[19] B. Seguin, La recherche agronomique 
face aux gaz à effet de serre. Le Courrier de 
l’environnement de l’INRA, 46, 5-20, 2002. 
[20] N. Bettahar, A. Kettab, A. Ali 
Benamara and A. Douaoui, Effet des 
conditions pédoclimatiques sur le bilan 
d’azote. Cas de la vallée du moyen Cheliff 
occidental. Algerian Journal Of Technology 
-AJOT, ISSN 1111-357X, Number Special – 
An International Publication of Engineering 
Sciences, 1, 441-447 2008b.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


