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Abstract

Background: After suffering from an acute problem of excess water for a long time, the Oasis of Ouargla
benefited from an aerated lagoon treatment plant, producing biologically treated domestic effluents.
The aim of this study was to examine the feasibility of reusing this effluent for watering plants. The
experiment was conducted in the Ouargla WWTP, which is located in the region of Said Otba (northeast
of Ouargla), north of the national road NR 49.

Methods: The study area was selected based on the originality of the study and availability of water. The
plants used were Acacia farnesiana and Leucaena leucocephala. The selection of Leucaena was based on
the following criteria: It is used as a windbreak, it is very tolerant to drought, and it is used as a fodder
to maintain soil fertility. And, Acacia was selected because it is used as a fodder, protects the soil against
erosion, and to fix nitrogen. The watering of these plants is done jointly by treated wastewater from the
WWTP and well water (WW), of which the latter was used as a control. Sampling and analysis of the
irrigation water were performed according to the experimental protocol. To show the growth rate of the
two plants studied, biometric measurements were taken weekly for 25 weeks.

Results: The physicochemical analyses show that the treated wastewater is of poor quality belonging to
the last class of Riverside’s C5-S4, with an excessive salinity (EC) of 13.51 dS/m and an Sodium adsorption
ratio (SAR) of 12.61 against EC of 2.49 dS/m and 2.13 for the WW. At the end of the experiment, it was
found that irrigation with purified wastewater (PWW) gave less growth compared to that with WW.
Statistical analyses of the biometric measurements confirmed that there is a highly significant difference
at P<0.05.

Conclusion: The reuse of WWTP effluent gives less interesting results but is still possible. It is
recommended to choose Salt-tolerant crops, as well as the dilution of these waters by the addition of
less salty waters.
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In the next fifty years, more than 40% of the world’s
population will live in countries facing water scarcity (1,2).
Growing competition between agricultural and urban uses
increases the pressure on this scarce resource, particularly
in arid or semi-arid regions with high population density
(2).

The theoretical threshold of scarcity set by the World
Bank at 1000 m’ per capita per year places Algeria among
the poorest countries in terms of water potential (3).
Agriculture is the first consumer of water, with nearly 65%
of withdrawals at the national level, which make the reuse
of purified wastewater (PWW) for irrigation as a priority
in the new Algerian water policy (4,5).

One of the most recognized benefits of using wastewater

in agriculture is the associated decrease in pressure
on freshwater resources. Thus, wastewater used as an
alternative source (6-8). In addition, nutrients exist in
wastewater help to save fertilizer costs (9-12).

The establishment of greenbelts around cities by forest
trees irrigated by wastewater serves to revive the ecological
balance and improves environmental conditions by self-
treatment of wastewater through the practice of forest
irrigation (13). Forest trees may be more tolerant of
wastewater irrigation than other plants (14). However,
their ability to survive and grow seems to vary between
species, due to their unwanted constituents such as salts,
trace elements, organic compounds, pathogens, etc. (15).
The use of wastewater in forestry and agroforestry holds
great promise, but much research is needed before this
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potential can be realized (16). The use of this resource
requires research to determine its short- and long-
term effects on the nature and production of soil and
groundwater, and the effects of changes in these effluents
on tree growth (17). Ayers and Westcot (18) have placed
great emphasis on the need for careful monitoring
and evaluation of this type of irrigation. Thus, the use
of wastewater must be safe since it is rich in pathogens
including parasites (19), bacteria, viruses, protozoa, and
helminths (20), and the plots must be kept away from
WWTPs, since they are colonized by airborne fungi (21).
On the other hand, Ouargla, a city in the Sahara desert
(southern Algeria), suffered from the problem of excess
water due to poorly managed urban and agricultural
discharges (22-25). Consequently, the Algerian state started
the development project, which consisted, in particular,
in the construction of agricultural drainage networks,
sanitation networks, and the installation of a treatment
plant by aerated lagoon, which is able to produce effluents
that comply with the standards required for wastewater
reuse for agricultural purposes (26). This WWTP plant
produces domestic PWW with a volume of 13 505000 m?/
year (27). It has been reported that the flow exploited in the
Ouargla basin has practically increased by 3 times between
1970 and 2010, and by 7 times between 1888 and 2010
(28), and the total volume used in Ouargla for agricultural
needs (43704000 m?/year) is enormous (29). We could
save 30% of total volume used in agriculture, creation of
peri-urban green spaces or in forestry for the production
of timber or treatment wastewater by phytoremediation
as the pilot project “constructed wetlands” in the oasis
of Brézina (El Bayadh). This project aimed to develop a
small plantation of tamarisk intended for the production
of bioenergy, through the use of treated wastewater (30).

The aim of this study was to examine, on a small scale,
the possibility of reusing the effluents from the Ouargla
treatment plant for irrigating forest species such as Acacia
farnesiana and Leucaena leucocephala. The experiment
was based on the evaluation of vegetative behaviour
through the comparison of biometric measurements in
particular, the rate of growth in height and diameter of the
plants irrigated in parallel with PWW and WW as control.

Materials and Methods

Study area

The city of Ouargla is located in the south-east of Algeria
(31). It extends over approximately 30 km long and 12 to
18 km wide, at an altitude varying from 103 to 150 m (32).
The climatic study of the study region shows that it
is located in the Saharan bioclimatic stage, where the
monthly average temperature of the hottest month (July)
exceeds 36°C and that of the coldest month (January) is
12.07°C. The annual precipitation is 38 mm. January is
the wettest month with a value of 9.35 mm and July is the
driest month with a value of 0.35 mm. In addition, the
sunstroke, evaporation, and the wind, which characterize
the Saharan environment, generate a water deficit and a
dry period for this region.

This study was performed in the Ouargla WWTP
(Figure 1), which is located in the region of Said Otba
(northeast of Ouargla), north of the national road NR 49
and its commissioning dates back to 2009. Its objectives are
the elimination of nuisances and risks of contamination in
urban areas, the protection of the receiving environment,
and reusing the treated effluents in irrigation.

At the WWTP, the raw wastewater undergoes extensive
biological treatment by aerated lagoon. This lagoon is
composed of a pre-treatment compartment (screening
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Figure 1. Location map of Algeria, WWTP of Ouargla, and the experimental plot.
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and grit removal) where the wastewater passes through
two screens, which retain the most voluminous matter
carried, by the raw water. To remove gravel, sand, and
fine mineral particles, the raw water passes through a grit
chamber. This is followed by three levels of treatment in
which the biodegradable load of the effluent is destroyed
by a bacterial way, whose microbial activity is accelerated
by the artificial aerators.

Experimental dispositive

In this test, the block dispositive was used. The
experimental plot was divided into two blocks: The first
block were the plants of the two species watered with
PWW, and the second one, playing the role of control,
were the plants of the same two species watered with
well water (WW). The implantation of the plants was
random, so that each individual represents a repetition.
The number of plants was 24 per species and per block.
The total number of individuals was 96 implanted in a
plot with an area of 448 m?* (Figures 2 and 3). The soil of
this plot was bare soil of sandy texture, very salty with a
surface accumulation profiles (SAP) (33).

Irrigation water analysis
The method of sampling varies depending on the type of
analysis. For the PWW, the sample was taken manually
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Figure 3. General view of the experimental plot.

at the outlet of the WWTP’s finishing basin. For this
purpose, using a small container, two liters of the PWW
was taken and kept in a cooler during the transport to
laboratory. The containers used for this purpose were
clean glass bottles sterilized beforehand, on which the
place and date of sampling of the water were labelled. The
WW was taken from the tap located near the experimental
plot. This approach, concerning the transport and storage
of samples intended for analysis, refers to the methods
described by Rodier(34).

These types of water have undergone analyses of the
following parameters: Electrical conductivity (EC), pH,
and cations and anions: Ca*’, Mg**, Na*, K*, Cl, HCO,"
,» NO,, SO,”. Regarding the pollution parameters (COD,
BOD,, and SS), they were only made for PWW and WW,
whose analyzes were performed according to the methods
described by Rodier(34) for the analysis of water.

Used vegetation
These species belong to the Fabaceae. The plant selection
was based on the following criteria:

For Leucaena, it is used as a windbreak, it is very
tolerant to drought, and it is used as a nutritious fodder for
feeding ruminants (35,36), and to maintain soil fertility
(36). For Acacia, it is an invasive species used as fodder for
livestock, to protect the soil against erosion (37), and to fix
nitrogen (38).

To show the growth rate of the two plants studied,

the height and diameter parameters were measured and
recorded. Plant height was measured using a meter from
crown to terminal burgeon, and plant diameter was
measured using a caliper. During 25 weeks of follow-up
(from April to September), biometric measurements were
performed weekly in the morning.
The watering frequency and the water volume were based
on the water requirements estimated from the maximum
evapotranspiration (MTE). The irrigation of the plants
was performed using simple submersion in the evening.

Statistical analysis

The results obtained from these biometric measurements
were interpreted statistically using independent samples ¢
test with a 95% confidence interval (CI), by SPSS version
27, 2020.

Results

Irrigation water

The results of the physicochemical analyses performed on
the two types of irrigation water used in the context of this
experiment are summarized in Table 1.

The graphical representation of the two samples in
the Riverside’s diagram (Figure 4) shows that the PWW
belongs to the last class C5-54, which is the same class
defined by Nader (39) and Bouhana et al (40). This type of
water presents the risk of high salinization. On the other
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Table 1. Physicochemical characteristics of irrigation water

Parameters PWW ww
pH 7.87 7.3
EC (dS/m) 13.51 2.49
SAR 12.61 2.13
Ca** (meq/L) 12.06 7.28
Mg* (meg/L) 1.95 2.05
Na* (meq/L) 108.91 11.41
K* (meqy/L) 4.83 0.38
Cl- (meq/L) 106 11.97
HCO, " (meg/L) 9 2.95
NO, (meg/L) 4 4.8
SO, * (meq/L) 11.31 3.25
COD (mg/L) 132.95

BOD5 (mg/L) 27.43

SS (mg/L) 90.23

SS: Suspended solids or solid particles; PWW: purified wastewater; WW:
well water; SAR: sodium adsorption ratio; EC, electrical conductivity; COD:
chemical oxygen demand; BODS5: biological oxygen demand over 5 days.

hand, WW belongs to class C4-S2, which corresponds to
water with a mediocre to bad quality.

Height growth monitoring

Biometric measurements on Acacia farnesiana during
throughout the duration of the experiment show two
distinct phases of plant growth (Figure 5):

The first phase over the first 7 weeks of follow-up after
planting where there is poor growth for all individuals and
a non-significant difference between the treatments. This
phase corresponds to a phase of adaptation of individuals
to their new environment (transition from nursery
conditions to natural conditions, particularly with regard
to the exposure to the sun and wind).

The second phase from the 8th week until the end of
the experiment where the treatment effect is significant.
In this phase, the plants watered with WW experienced a
high growth rate compared to those irrigated with PWW.
The average height of the plants reached 109.94 cm for
the first treatment compared to 54.47 cm for the second
one, about double the size of each other. Statistical analysis
shows that there is a significant difference in the height
(P<0.05).

Biometric measurements on Leucaena leucocephala
during the experiment show a single phase of plant
growth with, however, an amplification of the difference
between the treatments over time (Figure 6). At the end
of the experiment, Leucaena watered with WW reached
an average height of 76.12 cm compared to the plants
irrigated by PWW with an average height of 46.54 cm.
The difference is statistically significant (P<0.05).

Ultimately, plants irrigated with WW had greater height
growth compared to those irrigated with PWW; Acacia

farnesiana behaved better in the Saharan edapho-climatic
conditions compared to the other species.

Growth monitoring in diameter

The biometric measurements of the diameter performed
during the experiment as well as the height of the plants
confirmed the beneficial effect of irrigation by WW
compared to that by PWW.

For Acacia farnesiana (Figure 7), the same period
of adaptation of the plants was found, as well as, an
increasingly significant difference between the treatments:
The average diameter of the plants irrigated with WW
reached 4.59 mm against 1.98 mm for plants irrigated
by PWW, indicating that the difference was statistically
significant (P<0.05).

For Leucaena leucocephala (Figure 8), beyond the
6th week, the difference in growth increased until the
end of the experiment. In terms of the influence of the
quality of irrigation water on plants, the same trend as for
Acacia farnesiana was found. Plants irrigated with WW
developed to an average diameter of 3.92 mm compared
to 2.06 mm for those irrigated with PWW; the difference
was statistically significant (P <0.05).

Statistical analyses of biometric measurements over
25 weeks confirmed that there is a highly significant
difference (Table 2).

The boxplot showed that the growth of PWW-irrigated
plants is much higher than that of the WW-irrigated
plants, both in height and diameter (Figures 9 and 10).

Discussion

According to the obtained results shown in Table 1, in
both types of water, the salinity of the water is confirmed
but to different degrees: The WW (2.49 dS/m) shows high
salinity, while the PWW (13.51 dS/m) is considered to be
water with exaggerated salinity (41). The salinity level of
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Figure 4. Riverside’s diagram for irrigation water.
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Figure 8. Diameter growth curves of L. leucocephala.

the latter (PWW) was found to be close to that reported by

Nader (39) and Bouhana et al (40), 12.68 and 13.39 dS/m,

respectively.

The SAR value is 41.25 for PWW, which is very high
compared to 5.30 for WW. In this case, the PWW caused
serious problems on the structure of the soil, resulting in
poor drainage of the latter. On the other hand, Nader (39)
recorded a low value equal to 13.95 (almost one-third),
this variation is all dependent on the concentrations of
sodium, calcium, and magnesium.

The concentration of chlorides in the PWW (106
meq/L) is 10 times the authorized value (10 meq/L),
according to the Algerian standards (42). In the WW), the
chloride concentration is 11.97 meq/L, which is very close
to the accepted standard.

The pollution parameters recorded in Table 1 and
analyzed according to the Algerian standards (42) show
that:

e The average value of BOD5 for the study period
is equal to 27 mg/L, which is below the value
recommended in the Algerian standards (30 mg/L).

e Theaverage COD value was equal to 132 mg/L, which

Species
120000 M Acacia famesiana
Leucasna leucocephala
100,000
80,000
E
2
§ 0,000
o i
20,000
000

Water

Figure 9. Box plot showing the variation in height according to the
quality of the water used.

Species

s B Acacia famesians
B Leucaena leucocephala

|
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PWW ww
Water

Figure 10. Box plot showing the variation in diameter according to
the quality of the water used.
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Table 2. Statistical analysis of biometric measurements (95% of confidence interval)

PWW WW
Variable Contrast N or DF Test Value P value
Mean Standard Deviation Mean Standard Deviation
Acacia 25 32.851 11 61.003 31.256 t=-4.248 0.000**
Height (cm)
Leucaena 25 36.892 7.404 52.648 16.515 U=137 0.001**
Acacia 25 1.661 0.242 2.555 1.13 U=198.5 0.000**
Diameter (mm)
Leucaena 25 1.897 0.269 2.684 0.771 t=-4.816 0.000**

t: t-test, U: Mann-Whitney U test, **: Highly significant

exceeds the value recommended in the Algerian
standards (90 mg/L).

e The average value was equal to 90 mg/L for
suspended solids (SS). This value far exceeds the
accepted Algerian standard (30 mg/L). This high SS
value is mainly due to eutrophication (significant
development of algae and phytoplankton in the
ponds).

Both types of water are of poor quality, highly
mineralized, which may only be suitable for species that
are well tolerant to salts and on well-drained and leached
soils. According to Durand (41), the use of these waters
will require certain precautions.

The obtained results show the influence of the quality of
irrigation water on the development and growth of plants
within the framework of this experiment, it essentially
emerges that the plants of the two species irrigated with
WW experienced a growth (height and diameter) much
greater than those irrigated by the PWW from the Ouargla
WWTP. In terms of interspecies comparison, Leucaena
showed a better behavior (height and diameter) compared
to Acacia when the species were irrigated by the PWW.

However, Acacia showed better resistance to edapho-
hydro-climatic conditions, this is judged on the basis of
the number of individuals that persisted until the end of
the experiment, namely:

* Block watered by WW: Acacia is 75%, Leucaena is
70.83%.

* Block watered by PWW: Acacia is 54.16%, Leucaena
is 25%.

These results are not consistent with the results of the
studies by Laouali et al (43) on Acacia nilotica (L.) Wild.,
Prosopis juliflora, Azadirachta indica, Cassia siamea Lam.,
and Delonix regia (Boj.) Raf., using raw wastewater, Idder
et al (44) on Leptadenia hastata and Moringa Oleifera
irrigated by wastewater with compost, Fatma and Hayssam
(15) on Acacia saligna and Leucaena leucocephala irrigated
by PWW, and a study by Zouari et al (45) in the northern of
Tunisia on five agroforestry species (Atriplex nummularia,
Eucalyptus gomphocephala, Acacia cyanophylla, Casuarina
glauca, and Pinus halepensis) irrigated by treated
wastewater, where the results were positive especially on
biomass production. Thus, these plants have additional
positive effects on the soil properties especially pH and
EC.

It is worth mentioning that the experiment was
performed in a Saharan environment which is
characterized by a high temperature and a wind regime
that results in hot and dry winds (sirocco), whose surface
layers can heat up during the day up to 70°C according to
Ozenda (46). In addition, the low growth rate of plants,
mainly those irrigated by PWW, can be explained by the
level of salinity which increases the osmotic potential and
makes water unavailable, and subsequently, causes growth
retardation (41,47-49).

Conclusion

The results of analyses performed on the PWW from
the Ouargla WWTP do not comply with the standards
of the Algerian regulations. These types of water belong
to the latest Riverside’s C5-S4 class, with an electrical
conductivity that reaches 13.51 dS/m, resulting in the high
risk of salinization.

The results of monitoring the species studied showed
that watering plants with PWW has a less interesting effect
compared to that with WW. Despite this, it should be
noted that this preliminary study was mainly conducted
to demonstrate that the reuse of treated effluents from the
Ouargla WWTP is possible, and would therefore, make it
possible to a certain extent to save WW, which are fossil
waters.

For the use of this water for all agricultural purposes,
its physicochemical quality, in particular, must be taken
into account:

Its electrical conductivity (EC), which can be remedied
either by adding WW to the PWW in order to minimize
the concentration of soluble salts, or by choosing crops and
other cultures that tolerate salinity (biosaline agriculture).

Its SS, which cause clogging of the irrigation network,
require tertiary treatment.

Further studies should be conducted, for the plot
studied, over longer periods in order to deepen the
impacts of PWW on the plant, soil, and water table, and
thus, to determine to what extent we can reduce the health
and environmental risks associated with the reuse of these
water resources.
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