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ABSTRACT KEYWORDS
The M’nasra zone which has an agricultural land area that represents 70% Sodium;
of the total area and its agricultural production reach 12% of the national Grounds water;
production is threatened by a sodization of underground waters. We know Sdlinity;
that this water table is the only ground water source available for this Irrigation water.

region. Thereby, researches that have been carried out on the field have
confirmed the salinization of thiswater-table due to seawater intrusion and
to intensive fertilization (salts) and pesticides. Sodium (Nat+) isone of the
most undesirable elements in irrigation water because of its negative
effects and even toxic effects on sensitive crops of the region such as
carrots, beans, strawberries etc. In this view, this work aims to study the
spatial and temporal evolution of sodium absorptionratio (SAR), according
to campaign period of 1993 and 2008 and in different places of M’ nasra
region. The spatial analysis has confirmed a sodization of an area of 19,800
Harepresenting 37% of thetotal area, between 1993 and 2008. The confor-
mity of sodium concentration iscompared to Moroccan and Canadian stan-

dards.
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INTRODUCTION

Theoverexploitation of water tablesaffectsal ot of
countries, industridized or not (Bahrain, Greece, Spain,
France, Maghreb, Egypt, India, China, USA etc.). It
causes degradation due to see water intrusion in the
case of coastal ground watersthat isto say: thewater
tableof El Jadida™, the Soussplain, located at the east
of Agadirt?, M’ nasral®, Chaouid¥, thewater table of
the oasisof Fatnassa(Tunisia)l, etc.

Thanks to assets due to water quality (plenty of

ground water resources) and to soils(soilshavelessthan
6% of clay and more than 82% of sand®), the coastal
zone of M’nasra has known an increase of the area of
irrigated zonesthat used to reach 5,766 hain 1998 to
39,686 hain 2005. Today, theirrigated zoneisfacing to
animportant diversification of vegetable crops (pepper,
potato, tomato, aubergine, watermel on, cabbage, car-
rot, turnip. ..) and exotic crops (banana, strawberry, avo-
cado...). This crop diversity is unfortunately associated
with anover-useof fertilizersand pesticidesthat causea
nitric pollution of M’nasra’s water tablel 17,
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It is important to notice that the water table of
M ’nasra is also confronted to other kinds of pollution
dueto seawater intrusion and to crop intensification,
especialy the sodization of ground waters.

According to Peterson*, themain problemwitha
big quantity of sodiumisitseffect on soil permeability
and onwater infiltration. Sodium also directly contrib-
utestowater’s total salinity and can be toxic for sensi-
tive cropssuch as carrots, beans, strawberries, rasp-
berries, onions etc*2*¥, The sodization of ground wa-
tersof irrigated areas has generated aparticul ar atten-
tion at theinternational scaleand indifferent region of
theworld likein Chind¥, in Pakistan*®, in Niger and
inMali*®, in Uzbekistan. Inthisway, thiswork has
the objectiveof firstly, eval uating the sodization of the
water of M nasra’s water table used for irrigation, and
secondly thestudy of spatial and tempora evolution of
thiswater table. To do so, 59 wellshave been observed
between 1993 and 2008.

MATERIALAND METHOD

Zoneof study

Thezoneof M’nasra is located in the west part of
the Gharb plain and isthe zone wherethe ORM VA of
theGharb works. Theareaisdeimited by theAtlantic
Ocean at thewest along morethan 80 km, at the south
by the mouth of Oued Sebou and the city of Kenitra, at
theeast by rurd townsof Mograne, Sidi Alla Tazi and
Souk Tlet du Gharb and at the north by thezone of the
ORMVAG of loukous. Thiszoneiscontrolled by two
Agriculturd Development Centers(ADC): M nasraand
Sidi Mohamed Lahmar. Thezone of M’nasra is char-
acterized by asuperficia water table, it issurrounded
by low depth soilswith adightly stoned texturewith a
high potential of production. Sandy soil swhich occu-
pied around 50% of lands are not really fertile, very
permeableand confronted to eras onthroughwind. They
are adapted to vegetabl e crops and to peanut. Hydro-
morphic soilsrepresent 20% of lands. These soilsdo
not fit to arboriculture, only few vegetable cropsare
growninthiskind of soilg*.

SAMPLINGAND MEASUREMENT
METHODOLOGY

Choiceof wells
Thechoiceof thesewd Ishasessentialy been based

A.Echchelh et al. 47

=== Qurrent Research Papser

on two criterions. theintensification of cropsand the
depth of thewater table.
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Figurel: Localization of the 159 studied wellswithin the
zoneof M ’nasra

Sampling

For thesampling, water istaking directly fromthe
irrigation water supply network for thewellsthat are
equipped of pushback pumps. For thosethat are not
equipped, the sampling is done thanksto ametallic
ballasted container. All the sampleshave been prepared
inflask madeof polyethyleneor in borosilicate glasses.
The sampleshave been carefully identified and stored
at +4°C, until their reception at the laboratory.

Measur e of SAR

SAR (sodium, calcium, and magnesium are stated
inmeg/L) isca culated according to thefollowing equa
tionY;

Na™
J(Ca2+ + Mgz+)/2

The dosage of sodium (Nat) is realized by flame pho-
tometry. Calciumions(Ca**) and magnesium (Mg?)
are dosed by volumetric method™.

SAR =

RESULTSAND DISCUSSIONS

In order to assess the concentration of excessive
sodium comparing to calcium cations and magnesium
of water from our wellsused for irrigation, we have
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done 59 campaigns of measurement intwo different
periodsof time: 1993 and 2008.

Punctual analysis

To avoid negativeimpact on crop behavior, thein-
ternational standards (such as. Canadian and Moroc-
can) precisethat the sodium absorption ratio (SAR)
should beinferior to 3-4 ppm. Theresultsrelated to
SAR measures of waters of the years 1993 and 2008
areshownonthe TABLE 1.

TABLE 1: Theaverageleve of SAR (ppm) in water of four
classes of M ’nasra’s wells in 1993 and 2008.

1993 2008

Classe
of SARIN Number R number AR Quality
(PPM)  of wells VEAE o \es AVETAE
ppm
0-1 33 0,55 7 0,86 Very good
1-2 19 1,35 16 1,35 Good
2-3 4 2,34 1 255  Average
Bad and
>3 3 49 25 665 i usble
General 1,15 376 -
mean

We have plotted theresults of theTABLE 1ina
bar chart represented inthefigure 2:
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Figure2: Comparison of SAR averagelevelsbetween 1993
and 2008
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Wehavenoticed anincreasein SAR averagelev-
el sfor dl theclassesbetween 1993 and 2008. Wehigh-
light thefact that the number of wellshasincreased for
theclass 2, evenif their SAR averagelevelsremains
constant.

Thus, the percentages of wellsineach SAR class
between 1993 and 2008 arereported inthefigure 3:

The comparison between the percentages of wells
of each SAR class between 1993 and 2008, alowsus
to draw thefollowing conclusions:.

* A decreaseinthe percentage of wellsthat haveavery
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good quality i.e. diminution of (-44%) and goodi.e.
diminution of (-5%).
* Anincrease (+12%) of the percentage of wellsthat
haveamedium quality, and anincrease of (+37%) for
thosewho haveabad quality.
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Figure3: Comparison of the per centage of wellsin accor -
dancetothe SAR value between 1993 and 2008

We notice a sodization of 37% of the wells be-
tween the years 1993 and 2008.
Satistical analysis

The TABLE 2 shows the Min and Max values,
Meansand Standard deviationsof SARIN1993andin
2008:

TABLE 2: Maxlevels, min levels, meansand standar d devia-
tionsof SAR in 1993 and in 2008.

H pourcentage
des puits de
SAR en 1993

B poucentage
des puits de
S5AR en 2008

SAR/Y ear 1993 2008
Max Value 7,04 29,46
Min Vaue 0,07 0,76
Standard deviation 1,11 5,09
Mean 1,15 3,76
Number of samples 59 59
Moroccan standards 3 ppm 3 Ppm
Canadian standards 0a4ppm 0a4 Ppm
4
3
2
) i
0

Niveau moyen du SARNiveau moyen du SAR
en 19973 en 2008
Figure4: Average SAR levelsin 1993 and in 2008
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We have presented the resultsin abar chart, see
theTABLE 2:

Thevarianceanaysisof theresultsconfirmsavery
significant difference of SAR between 1993 and 2008.
Inorder to better localize the most affected places con-
cerning sodiumincreasein M 'nasra, the studied zone
has been dividedintwo parts:

ZoneA: Situated at the North of the coordinateline
Y= 430000 m (38°30), it represents 76 % of the
wholestudiedwdlls.
ZoneB: Situated at the South of the coordinateline
Y= 430000 m (38°30), it represents 24 % of the
wholestudiedwdlls.

Theresultsof thevarianceanaysisof the 59 wells

of each zoneA and B are presented inthe TABLE 3:

TABLE 3: Resultsof thevariance analysis of the SAR of
each zoneA and B between 1993 and 2008.

Statigtical analysis

Variance analysis of SAR

of wellsfrom Between 1993 and 2008
Zone A HS
Zone B S
ZoneA + ZoneB HS

S: Significant difference; HS : Highly significant difference

Thedatigtica analysisconfirmthat thezoneat the
North of thelineY =430 000 m (38°30’) isthe zone
whichisthemogt affected by sodization. Indeed, it cor-
respondsto thelargest areaof the sandy zone, where
dunesand interior plateaushavealow relief, from5to
20 m high. Asaconsequence, thewater tableisvery
closetothe surface (3to 10 m), thisexplain the current
intengveexploitation and theover-useof fertilizersthat
are often composed of sdlts. Thus, the Southern zone,
hasknown asignificant increase of sodization. Thisis
mainly dueto seawater intrusioninthis zone®.

Spatial analysis

According to our analytical results, wehave used
the Geographica Information System (GIS) Arcview,
and itsspatial extension analy<, to create maps of the
SodiumAbsorption Ratio (SAR) in 1993 andin 2008.

The areacovered by thewater tablewhich hasa
SARinferior to 3 ppm (acceptableaccording theMo-
roccan standard), representsin 1993: 35,093 Haover
39,733 Ha mapped i.e. 88.32 % of the total area.
Whereas the same space represent in 2008, 15,293
Haover 39,733 Hamapped i.e. 38.49 % of thetotal
area(figure6)
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Figure5: Mapsof the SAR in M ’nasra zone (Morocco) in
1993 and in 2008: Analysisthrough SplineArcview method
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Figure 6 : Variation of the percentage of the area that the
water tablehasa SAR< 3ppm between 1993 and 2008

Theareacovered by thewater tablethat hasaSAR
superior to 3 ppm (not acceptable according to the
Moroccan standard), represent in 1993: 4,640 Haover
39,733 Ha mapped i.e. 11.68 % of the total area.
Whereas the same space represents 24,440 Ha over
39,733 Hamapped in 2008 i.e. 61.51 % of thetotal
area(figure?).
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Figure 7 : Variation of the percentage of the space of the
water tablewhich hasa SAR> 3ppm between 1993 and 2008

The comparison of thespatia resultsalowsusto
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confirm adecrease of 50 % in the areain which the
tablewater hasaSAR inferior to 3 ppm between 1993
and 2008.

We havenoticed asodization of theM *nasra’s wa-
ter table representing 19,800 Ha between 1993 and
2008.

CONCLUSION

Thisstudy hasallowed usto confirm aspatia and
temporal sodization process of the water table of
M ’nasra. A decrease of 37 % of the wells that have a
Sodium Absorption Ration of 37 %inferior to 3 ppm
(Moroccan standard) has been demonstrated. The
analysisof theresults has shown the evolution of the
generd averageof the concentrationin sodium between
the years 1993 and 2008 which isrespectively 1.13
ppmand 3.76 ppmi.e. anincrease of 2.63 ppm. The
obtained va uesin 2008 are definitely superior toMo-
roccan standards (3 ppm) and tend to the max of the
Canadian standard (0 — 4ppm).

The spatiad analysisof the obtained resultsfor the
same period have confirmed asodization of animpor-
tant areaof 19,800 Harepresenting 37 % of thetotal
area. Theseresultswill have anegativeimpact at me-
diumterm and at long term ontheagricultura produc-
tion of thisregion.
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