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Abstract

Groundwater resources in southwestern Tunisia are facing serious quantity

and quality degradation. Given that they are the only source used for oasis irri-

gation, serious impacts on the soil of the region are expected. Accordingly, the

main objective of this study is to evaluate the suitability of the sampled water

from the Complex Terminal aquifer for irrigation purposes and to determine

the potential impacts of their long-term use within the present agricultural

practices on soil properties.

The calculated ionic ratios indicate different classes ranging from permissible

to unsuitable waters with respect to alkalinity standards (sodium adsorption

ratio from 3.68 to 9.34, %Na from 36.7 to 61.2, and rill erodibility from 0.48 to

1.43). Water samples present high values of electrical conductivity, total

dissolved solids, and potential salinity, about 54.5, 29.4, and 32.2%, respec-

tively, which indicates serious salinity hazard. All the sampled waters may

induce corrosion and clogging problems as deduced from the calculated light

dynamic penetrometer and total hardness indices. The weighted water quality

indices results (Canadian Water Quality Index and the irrigation water quality

index) confirm the poor quality of the used irrigation water.

The results of this study coupled with field investigations indicate that the

cumulative impacts of low water quality and poor agricultural practices have

damaged the total oasean ecosystem.
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Résumé

Les ressources en eau souterraine du sud-ouest de la Tunisie sont confrontées

à une grave dégradation de la quantité et de la qualité. Étant donné qu'ils sont

la seule source utilisée pour l'irrigation des oasis, de graves impacts sur le sol

de la région sont attendus. Par conséquent, l'objectif principal de cette étude

est d'évaluer la pertinence de l'eau prélevée de l'aquifère du terminal complexe
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(CT) à des fins d'irrigation et de déterminer les impacts potentiels de leur

utilisation à long terme dans les pratiques agricoles actuelles sur les propriétés

du sol. Les rapports ioniques calculés indiquent différentes classes allant des

eaux autorisées aux eaux inadaptées en ce qui concerne les normes d'alcalinité

(SAR de 3,68 à 9,34,% Na de 36,7 à 61,2 et KR de 0,48 à 1,43). Les échantillons

d'eau présentent des valeurs élevées d'EC, de TDS et de PS, environ 54,5, 29,4

et 32,2% respectivement, ce qui indique un grave danger de salinité. Toutes les

eaux prélevées peuvent induire des problèmes de corrosion et de colmatage,

déduites des indices LDP et TH calculés. Les résultats des indices de qualité

de l'eau pondérés (CWQI et IWQI) confirment la mauvaise qualité de l'eau

d'irrigation utilisée. Les résultats de cette étude couplés à des enquêtes sur le

terrain indiquent que les impacts cumulatifs de la faible qualité de l'eau et des

mauvaises pratiques agricoles ont endommagé l'écosystème oasien total.
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1 | INTRODUCTION

Climate change and anthropogenic pressure are antici-
pated to affect water availability especially in hot dry
areas where the renewable groundwater resources are
limited. This is expected to increase the risks of water
scarcity with regards to the expansion of water-
dependant economies. Indeed, groundwater resources
are relatively more robust to increased risks of quality
degradation, anthropogenic contamination, and climate
variability (Edmunds et al., 2003; Russo & Lall, 2017).
However, the overexploitation of these resources to meet
agricultural needs has seriously affected the available
water quantity and the used quality for irrigation while
the management of these confined and semi-confined
aquifers seems to be difficult. Accelerated degradation of
water quality associated with frequent dry spells in the
water-deficit regions raise the disputes about the ecologi-
cal impact of the used water quality on agricultural
production sustainability and have made the relation
between water quality and cultivated land changes a
hot topic in recent years (Hamed et al., 2013,
2018; Demdoum et al., 2014; Dahoua et al., 2018;
Mahdadi et al., 2018).

In this context, in southern Tunisia, as a large part of
the Mediterranean basin, fresh water deficiency consti-
tutes an important challenge that leads to continuous
exploitation of deep low renewable groundwater of deep
Système aquifer du Sahara Septentrional (SASS) aquifers
(Edmunds et al., 2003; Hamed et al., 2013, 2014,
2018; Hamed, 2015; Mokadem et al., 2016; Besser

et al., 2017, 2018, 2019). The continuous overdraft of
the highly productive deep aquifers of the multi-layered
SASS aquifers and the long dry periods lead to
increased utilization of these chemically evolved
waters (Continental Intercalaire, CI, and Complex
Terminal, CT), which will have undoubtedly numerous
ecological impacts namely the continuous decline in land
productivity (Zammouri et al., 2007; Ben Hassine et al.,
2013, Ben Hassine et al., 2016; Besser et al., 2017; Dahoua
et al., 2018).

As agriculture is the dominant economic sector in the
region, the viability of the aquifer-agriculture system is a
huge constraint for the sustainable development in the
region of interest (Ben Brahim et al., 2013; Hadj-Amor
et al., 2020; Hamed et al., 2018; Besser & Hamed, 2019).
In order to increase agricultural production and reduce
the perturbations in the fragile oasis environment,
various management actions have taken place (water
economies, fragmentation processes of agricultural lands,
disappearance of oldest farmer traditions, diversification
of agricultural activities, greenhouse project implementa-
tion, increase of new oases, etc.). However, the reason-
able control of natural resources through the selection of
more adopted irrigation systems and the evaluation of
water quality suitability for irrigation purposes is still
often of less concern (Dahoua et al., 2018). In fact, the
old-school irrigation methods used in the oasis system of
southern Tunisia have induced numerous negative
impacts on soil fertility and the conservation of ground-
water resources. These techniques have been described as
unsuitable for the sustainable development of agriculture
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