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Abstract: The objective of this study was to investigate the effect of soil proprieties on the yield and
the growth of tomato plants and fruit irrigated by treated wastewater (TWW). These tomatoes were
cultivated in different soils: the first belonging to the Mediouna treatment plant and the second on the
Ain Chock Science Faculty. The granulometric and physicochemical analysis of the two farming
soils were performed, revealing a difference in texture and micronutrient content. The growth and
other morphological aspects of tomatoes cultivated in different soils samples were compared.
Physicochemical analysis showed that the level of various constituents of both soils were significant
different (p < 0.05) among them. Mediouna soil (MS) recorded the highest values of conductivity (EC),
Na, CaO and MgO. As for heavy metals such as Cu, Mn, Cr, Pb, Ni, Hg and Co remain below the
limit values for soils to be used for agricultural activities. However, the Faculty soil (FS) was
characterized by higher Zn content. The results obtained demonstrated that the physicochemical
characteristics of the soil significantly influence the yield and growth of cultivated plants as well as
the quality of the tomato fruit. In fact, the yields that obtained in the FS were more satisfactory than
those of the MS. The fresh weight and the caliber of fruits were higher in plants grown in FS (135.87 g
and 30.31 cm? respectively). So, the faculty soils correspond to the pedological requirements of the
studied species. The results from this study can help producers use MS located in a notable
agricultural area. Its use is highly possible only if its characteristics are improved by making it less
compact and changing its physicochemical composition.
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1. Introduction

In Morocco, the increasing population growth and the establishment of anthropogenic activities
in urban and rural areas have caused huge quantities of wastewater discharges to be generated. These
have been released into watercourses without prior treatment and used for the irrigation of
agricultural fields, estimated at an area of 7,200 hectares [1] thus causing major imbalances in the
different components of agro ecosystems.

In this context, various studies have been carried out in several aquatic environments such as
Oum ErRbia, Oued Sebbou and Oued Bouregreg, which have revealed disturbing pollution
levels [2-4]. In addition, water from Oued Hassar, used mainly in irrigating crops in the Mediouna
zone, was the subject of a physico-chemical and metallic study demonstrating the effect of direct
discharges of wastewater from the Mediouna locality. This study revealed important chemical
contaminations, a sign of the degradation of the quality of this irrigation water [5]. In fact,
Lydec installed a waste water treatment plant (WWTP) in the suburban region of Greater
Casablanca (Mediouna Province) 2013 in order to reduce the harmful impact of these discharges in
the water of Oued Hassar [6].

As a result, alternative supply is conceivable in order to combat any shortage of this reserve,
and economically the use of treated waste water for the means of irrigation would make it possible to
provide significant quantities of water at a lower cost. In addition, in terms of environment this water
would present a significant source of nutrition for the growth of the plants because of its richness in
trace elements [7]. The tomato is among the most demanding crops in terms of water and also one of
the most predominant of Moroccan agriculture. This vegetable occupies a key place with an annual
world production of more than 130 million tons (2015-2016). At the national level, 1.2 million tons
per hectare of this vegetable crop are produced, of which 950,000 tons are primary tomatoes,
240,000 tons are seasonal tomatoes and 40,000 tons are industrial tomatoes [8].

Therefore, in collaboration with Lydec and within the framework of rational management of the
water and edaphic resources, our objective was to evaluate the effect of these abiotic parameters on
the agricultural yield in a qualitative and quantitative way in order to answer the needs of Mediouna's
population. At the same time, our endeavor was to ensure sustainable development by adopting a
strategy which is economically profitable and above all environmentally protective.

The main objective of the present study is to investigate the effects of two different soils: FS
and MS in Casablanca region, Morocco, on the yield and the growth of tomato plants and fruits
irrigated by a surface drip system with treated wastewater.

2. Materials and methods
2.1. The edaphic parameters

In this study, we chose two different types of soils to use for comparison: the first one studied
belongs to the Mediouna WWTP(MS), known for its agricultural activities, while the other study was

conducted at the Ain Chock Faculty of Science (FS) of the Hassan 2 University in Casablanca. Both
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soils were analyzed in order to evaluate their degree of fertility as well as their granulometric
compositions. In each plot, eight samples were taken at a depth of 30 cm and then dried [9-10],
crushed with mortar, then sieved to 2 mm and finally subjected to chemical analyzes.

2.2. The irrigation water characteristics

The irrigation water used in our tests is treated water from the WWTP in the province of
Mediouna taken at the end of the treatment process. This station receives waste water of various
types: domestic, industrial and rainwater, which are collected in a separate sewage sanitary network;
i.e., the industrial wastewater is discharged into a collector located downstream from the industrial
area of Mediouna and joins the domestic wastewater system afterwards. The quantity of water treated
daily is equivalent to 3800 m® according to an intensive treatment system of the RBM (Membrane
Biological Reactor) type, which is a biological treatment coupled with external membrane filtration.
The TWW which has gone through this treatment process is discharged into the Oued Hassar stream,
used by the population of Mediouna Province for agricultural purposes [6].

The qualitative study of the treated wastewater concerned the physicochemical analyzes and the
metal contents according to the standards required for the water intended for irrigation, drinking
water, and the environment [11].

2.3. Treated wastewater physicochemical analysis

The treated wastewater irrigation was analyzed in triplicate, which refer to the common
methods [12]. The analysis included the physicochemical parameters of pH, electrical
conductivity (ECw; s cm 1), total sus- solids (TSS; mg L), biological oxygen demand over 5
days (BODs; mg L), chemical oxygen demand (COD; mg L), nitrate-nitrogen (NOs-N; mg L ™),
nitrite-nitrogen (NO, N; mg L), total phosphorus (Total P; mg L™), orthophosphorus (PO4-P; mg L ™),
nitrogen Kjeldahl total (NTK; mg L™), sulphate (SO4; mg L™%).

2.4. Soil samples physicochemical analysis

The soil electrical conductivity (mmhos cm™), pH (H,0) and pH (KCI) were measured on
aqueous soil extracts (ASE) using an electrical conductivity meter and pH meter. The organic
Matter (OM, %) was determined by dichromate oxidation method [13]. The ammonium-
Nitrogen (NH4-N, mg kg ') and nitrate nitrogen (NOs-N, mg kg*) were determined according to
Bremner and Keeney [14].The chloride ion (CI", mg kg ™) and sodium ion (Na*, mg kg™) in ASE
were determined by titration[15]. The phosphorus pentoxide (P,Os mg kg ™) was estimated by
Olsen’s method [16]. The potassium oxide (K20, mg kg ™), magnesium oxide (MgO, mg kg ™) and
calcium oxide (CaO, mg kg ') were analyzed by fluorescence through X rays [17]. The total
carbonate (Total CaCOg3, %) was determined according to the method described by Black et al. [18],
while active carbonate (Active CaCOgs, %) was determined by the method of Loeppert and
Suarez [19].

AIMS Agriculture and Food Volume 4, Issue 4, 921-938.
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2.5. Soil samples and water heavy metals analysis

Pb, Zn, Cu, Co, Cr, Cd, Fe, Hg, As, Al, Cr 6, Sn, Ar, Ba, Mn and Ni contents in the soil samples
and the water. Metal concentrations were determined by atomic absorption spectrophotometry (Perkin-
Elmer, AAAnalyst800). The limits standard of detection the different heavy metals are presented in
Tables 2 and 3.

2.6. Biological material

The species that was the subject of this study is the tomato (Solanum lycopersicum) belonging
to the Solanaceae family, very often consumed by Moroccan households in the form of raw or
cooked fleshy fruit. This species was chosen firstly due to its culinary and nutritional importance
given its high phosphorus content, vitamins A and C [20] and secondly due to its high water
requirements estimated at 6000 m® per hectare with the drip irrigation system.

Tomato seeds were placed in alveolate trays containing peat (18/03/2015) and irrigated daily
with drinking water. As soon as seedlings at the 6-leaf stage were obtained, they were transplanted
into both soils (18/04/2015) and irrigated this time with TWW.

The morphological parameters evaluated by the study are: leaf length and width, leaf area, stem
length and diameter, number of flowers, number of fruits, fruit size and fresh weight of the fruit.

These morphological parameters evaluated are considered as important indices of yield because
the dimensions of the leaves and stems give us information on the quality of the photosynthesis
carried out and the other parameters belonging to the reproductive system (flowers and fruits) inform
us of quantitative way on productivity (biomass).

2.7. Statistical Analysis

The measurements were expressed in term of average and standard deviation using the
Microsoft Excel. Student’s t-test and Snedecor’s F-test were used to examine statistically significant
differences in the average heavy metal concentrations and the physicochemical analysis among
groups of soil MS and FS. The p < 0.05 was considered as statistically significant.
3. Results and discussion

3.1. The texture of the soil samples

The granulometric study carried out on both MS and FS using the triangular texture diagram
revealed the presence of a difference in the textures of the two substrates as shown in Figure 1.
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mArgil ®mFineSilt =coarse Silt ®Fine Sand = coarse Sand

EArgil ®FineSilt ®coarse Silt ®Fine Sand = coarse Sand

Figure 1. The granulometric composition of soils: FS(A) and MS (B).

The FS has a silty-clay-sandy texture, giving it a well-ventilated and lumpy structure suitable
for agricultural activities. In addition, this structure lets the excess water flow through and retains a
sufficient amount to ensure the proper development of plants and aeration of the root system [21].

The MS texture is loam-clay. We found high levels of clay (40%) and silt (27%) (Figure 1)
giving it a more compact structure, less suitable than the FS soil. Indeed, soil compaction as with MS
can impact several physicochemical properties of soil such as conductivity or bulk density. It would
cause a significant reduction of the poral space thus preventing the good flow of water downward
through the higher horizons and thus less available to the roots [22].The state of the clayey soil (MS)
characteristic of the area of Mediouna increases its resistance to penetration of the root system. The
finer the texture, the more it will form a barrier that is difficult for the roots to cross [21].

In addition, this fine texture causes a compaction that reduces the availability of the raw sap
essential to the achievement of photosynthesis thus slowing the growth of the plant [23].This is
confirmed by the work done on pepper (Capsicum annuum. L.); a species belonging to the same
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family as that of the tomato (solanaceae) cultivated on two soils of different textures [24]. This study
proved that the silty clay soil of the Beni Mellal region, whose structure is compact, reduced the
germination rate of the seeds belonging to this species and even limited the growth of the aerial part,
unlike the sandy Maamoura soil which presented better edaphic conditions where this plant
developed well. The same results have been observed in the beet (Beta Vulgaris L.), a vegetable crop
plant whose hypocotyl develops in the soil, cultivated in two parcels of different grain size
compositions and which obtained a better yield in the soil that presented the most suitable structure
for its development [25].

3.2. Physicochemical properties of the soil samples

Table 1 shows the physicochemical analyzes of both soils, MS and FS, compared to national
standards for agricultural soils. Organic matter is distributed in much the same way in both soils. The
results of the conductivity (EC) measurement indicate that it is much higher in MS than in FS with
values of 1.099 mmhos cm™* and 0.691 mmhos cm* respectively. By referring to the Durand scale
of soil classification according to their salinity [26]. These values show that the FS is slightly
salty (0.5 < CE < Immhos cm™ ") which would have an impact only on cultures very sensitive to salts
whereas the MS is qualified as saline soil (1 < EC < 2) which would reduce the yield of most crops.
The higher average of Sodium (842.5 mg kg ') of the MS exceed the permissible limits of
agricultural soil (480 mg kg ™) by more than 90% according to Moroccan standards. The presence of
Sodium in MS causes the decrease of soil permeability [27] and also increases the swelling and
dispersing capacity of the clay causing a reduction in macroporosity [28]. The same trends were
observed for chlorides that are more abundant in MS (217 mg kg ') compared to (174.3 mg kg ?) in
FS. Since the chlorine present in the substrate competes with the absorption of other essential
minerals such as phosphate or nitrate. So, if the level of these macroelements is low in the soil and
the chlorine is much more abundant, the plant will not be able to differentiate them and will absorb
what is most readily available causing enormous deficiencies for it. The same observation has been
observed in tomato individuals exposed to high concentrations of Sodium Chloride (NaCl), which
induced a reduction in growth as well as changes in metabolic processes that may go so far as to
inhibit seed germination [29]. In the light of the results obtained, the two soils are classified as being
alkaline with pH values of 7.94 and 7.89 respectively corresponding to the MS and FS. This is
because salty soils have an abundance of hydroxides despite hydrogen ions.

These alkaline soils are equally classified as calcareous soils because of their natural richness in
calcium. This is what was found in the MS with very high content levels (9520 mg kg ™), almost
double the maximum value admitted in soils for agriculture. The FS also has a high amount of this
chemical element (7210 mg kg ™). Certainly, calcium is a nutrient that has several advantages. Firstly,
it improves the soil structure and maintains its stability [30]. Secondly, it contributes to the rigidity of
plant cell walls and activates certain chemical reactions in the foliar system, thus reducing
ammonium nitrate and promoting root growth [31]. However, an excessive concentration of calcium
in the soil as is the case in our present study, especially in the MS, could lead to inhibition of growth
due to a high content of CaO in the substrate. This would limit the use of the products from
photosynthesis and induce their accumulation in the root system [32].
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Table 1. Physicochemicals parameters of both soils FS and MS.

Parameters Unit FS MS Signification  Limit values
**

OrganicMatter % 2.17 £0.02 2.95 +0.02 * 1.5-3

EC 1/5 Mmhoscm™* 0.691 +0.01 1.099 #+0.01 * <0.5

pH (H,0) - 7.89 %0.01 7.94 £0.01 * 6.5-7.5

pH (KCI) - 7.49 0.01 7.48 £0.01 ns 5.3 < pH

Total CaCOs % 11.4 0.1 13.3 0.2 * <15

Active CaCOs % 4.2 +0.01 5.5 +0.02 * <10

Ca0 mg kg* 7210 +46.37 9520 +8.02 * 2500-5000

NH,-N mg kg* 1+0.02 27 +0.08 * -

NOs-N mg kg* 9 +0.01 4 +0.01 * 20-30

cr mg kg* 174.3 +0.82 217 +0.46 * 60-150

Na* mg kg* 188.7 +6.15 842.5+10.69  * 200480

P,Os mg kg* 68.7 +6.08 41.22 +3.68 * 30-60

K0 mg kg* 629.6 £29.49 353 * 140-360

MgO mg kg’ 246542964  796.8 £39.78  * 250-500

Note: Avearge £SD, ns: not significant, *: Statistically significant at p < 0.05. **: limit values according to Moroccan
standards of agricultural soils. The means are the average of height samples.

Despite the fact that the MS has a higher ammonium ion load (27 mg kg ), so that it can be
assimilated by plants, it has to be converted into nitrate through nitrifying bacteria. Furthermore,
according to the results of analyzes obtained, 9 mg kg ' of nitrate is found in the FS, which
represents twice the quantity of this chemical element in the MS, already ready to be used by the
plants and converted into amino acids in the foliar system. This is unlike ammonium, which must
be transformed into nitrogenous organic compounds in the roots. This process is accompanied by
significant energy expenditure notwithstanding other vital processes of the plant such as fruiting
or growth [33]. Another advantage in favor of nitrate is that the latter promotes the absorption of
certain cations such as potassium, calcium, and magnesium while ammonium competes with
these chemical elements.

Both FS and MS contain average levels of phosphoric acid (P,Os) according to soil standards
for agriculture. These phosphorus concentrations favor the physiological activities of the plant acting
on several levels: it guarantees a harmonious growth of the plant with rigidity of the cellular tissues
as well as a good yield in terms of the quality of the fruit [34].

The abundance of KO is also an advantage in favor of FS. It is favorable to plants since it
regulates the cellular exchanges, stimulates the realization of the photosynthesis, in particular the
production of the carbohydrates in the foliar system, and participates in the elaboration of the
proteins in reserve organs such as the fruit [35]. An average content of MgO (246.5 mg kg %) was
found in the FS soil, representing three times less than in MS (796.8 mg kg ™).

3.3. Heavy metals in the soil samples

Table 2 shows the concentrations of heavy metals in both soils compared to the required limit
values. We chose the latest Finnish legislation [36] as it represents a good approximation of the
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average values of different European national systems, and in addition has been applied
internationally for agricultural soils [37].

Table 2. Heavy metals concentrations in the soils FS and MS.

Heavy metals (mg kg™*) FS MS Signification Limit values
**

Cu 6.67 £0.12 1.7 40.10 * 100

Mn 20.12 +0.03 11.7 £0.11 * 10-20

Fe 6.6 +£0.02 4.7 £0.02 * 40-100

Zn 19.7 £0.02 6 £0.04 * 200

Cr 18.75 +5.06 21.5+571 ns 100

Pb 16.01 3.2 19 +£1.54 ns 60

Cd 0.086 +0.01 0.05 +0.01 * 1

Ni 10.65 +3.50 13.75 £2.62 ns 50

Hg 0.048 #0.01 0.065 £0.004 ns 0.5

As 0.082 +£0.01 0.07 £0.005 ns 5

Co 7.8 x£2.21 12 £1.67 ns 20

Note: Avearge + SD, ns: not significant, *: Statistically significant at p < 0.05. **: [36]. The means are the average of
height samples.

As for heavy metals such as copper, manganese and zinc, we note that their contents at MS and
FS are included in the required intervals: Cu < 100, 10 < Mn < 20, Zn < 200 respectively (Table 2).

In addition, the low iron content in both soils can be explained by their calcareous nature. It is
likely that his richness in calcium also leads to a disrupted uptake of this trace element by the plants.

A deficit or excess of these mineral elements is likely to be responsible for low agricultural
yields. Plants ensure their growth and development by absorbing most of the trace elements
accumulated in the soil [38] because certain metal ions such as copper, zinc, and manganese are part
of the constituents of certain enzymes or act as cofactors [39].

For both soil types, heavy metal concentrations of Cr, Pb, Ni, Hg and Co remain below the limit
values for soils to be used for agricultural activities [36], with an abundance more visible in MS than
in that of SF except for Cadmium (0.086 mg kg™*) and Arsenic (0.082 mg kg ) which are more
present in the SF soil.

3.4. Quality of the TWW

The physicochemical results of the treated wastewater show that the hydrogen potential of this
water is slightly alkaline (pH = 7.32) ( Table 3). This pH corresponds perfectly to this agricultural
activity since its value is within the range required by Moroccan standards [11].The TSS levels
approaching 30 mg L™ present no risk of clogging according to FAO standards [27]. These values
are also tolerated by the [11] which imposes a maximum threshold of 200 mg L.

The electrical conductivity (EC) value of this irrigation water remains tolerable by the tomato
plant whose yield decreases by 10% from an electrical conductivity of 5000 ps cm™, the equivalent
of 2.5 g L *[40].

AIMS Agriculture and Food Volume 4, Issue 4, 921-938.
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The chemical oxygen demand (COD) remains acceptable at the threshold set by the [11] which
proves the presence of chemical pollution which may be due to the use of pesticides since the
WWTP is in an agricultural zone (province of Mediouna). The same observation is valid concerning
the BOD5, which meets the standards required for water intended for irrigation demonstrating the
presence of rejected organic matter of domestic origin, such as fecal matter [41].

Table 3. Physicochemical properties of the treated wastewater used in irrigation.

Physicochemical parameters Unit TWW Limit values
pH - 7.3240.2 6.5-8.4*
TSS mgL™* 30 +4.58 200*
EC s cm ! 3910 +76.03 12000*
CcoD mg L™ 85 +12.76 90*
BODs mg L™ 21 +9.49 30*
NTK mg L™ 22 +2.81 -

Total P mg L™ 8.7 +£1.03 -
PO,-P mgL™* 5 +0.46 2%*
SO, mgL™* 275 +0.9 250*
NO; mg L™ 22.15 +0.56 30*
NO, mg L™ 0.01 #0.002 5%, 3**
F mgL* 0.2 +0.16 1*

Al mgL™* 0.045 +0.011 5*
Total Cr mgL* 0.016 +0.003 1*

Ar mgL* 0.027 +0.006 .

Ba mgL* 0.034 +0.006 .

Co mgL* 0.013 +0.001 0.5*
Cr6 mg L™ 0.01 +0.001 -

Sn mg L™ 0.0011 +0.0004 -

Mn mg L™ 0.046 +0.002 0.2*
Fe mg L™ 0.056 +0.009 5*

Hg mg L™ 0.001 +0.0002 0.001*
Cu mg L™ 0.016 +0.002 2%

Cd mg L™ 0.0014 +0.0003 0.01*
Zn mg L™ 0.23 +0.001 2%

Pb mg L™ 0.025 +0.003 5*

*: Limit values [11], **: Limit values [42]. Means are the average of three samples.

Sulphate concentrations were slightly lower than the reference values (275-250 mg L™%). The
load of this water in terms of nitrates is acceptable (below the required limit values) and will
contribute positively to the good development of tomato plants by providing them with essential
quantities of these minerals vital for their growth.

The findings show that all recorded heavy metal values remain below the standards required by [11]
except for mercury which has a value at the limit of reference levels (Table 3). It is deduced that this
water is adequate for agricultural use provided that there is a reduction in the load of mercury, which
can increase in the horizons of the soil over time through successive and continuous irrigations. In
addition, it can accumulate in the underground vegetative system through root absorption, even
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spreading to the aerial system (leaf, stalk or even fruit). This is the phenomenon of bioaccumulation,
as confirmed by studies [43,44].

3.5. Effects of FS and MS on vegetative body

We followed the growth of the aerial vegetative body of tomato plants grown in both soils: MS
and FS throughout the experimental season (Figures 2, 3). The results obtained show that the length
and width of the leaves increase with time showing greater growth in FS. At the end of the farming
season, the final length reached in tomato leaves is 12 cm (FS) compared to only 8 cm (MS). The
width obtained in July in both plants is 5.5 cm and 3.9 cm respectively for FS and MS (Figures 2A,
B). Statistical analysis revealed the presence of a significant growth difference between FS and MS
for both length (F = 0.77 and p = 0.414) and width (F = 0.86 and p = 0.390). This difference was
much more visible from the month of June. The leaf area obtained in the plants grown at FS is
equivalent to twice the leaf development observed in MS with averages of 33.4343 £5.15 cm=and
16.87 +1.53cm? respectively (Figure 3A). This morphological parameter is clearly influenced by the
nature of the soil (p < 0.0001).

=—FS =——MS
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Figure 2. Evolution of the length (A) and width (B) of tomato leaves. The number of replicates (n = 12).
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Figure 3. The size of vegetative body: the leaf area (A) and the stem length (B) (n = 12).

We also observed an increase in stem size over time (Figures 4A, B). The height of the plant
grown at FS and MS at the end of the experiment averaged was respectively 73.87 =2.41 cm and
55.68 +3.73 cm (Figure 3B). Statistical analysis showed the presence of a significant difference
between the two soils (F = 0.28, p = 0.618).

This difference in growth is due to several factors: among which we can mention the difference
of texture, because the FS is characterized by a silty-clay-sandy texture which gives a good aeration
of the soil allowing the roots to penetrate it easily. In contrast, the MS is characterized by the
dominance of clay followed by silt making this geological support little aerated while retaining a
large quantity of water and therefore less permeable and suitable than the FS. The impact of the
mechanical constraints generates a reduction of growth and root development [45,46], which leads to
low water and mineral absorption by the root system. This means a decrease in the efficiency of
resource use and thus the growth of the vegetative system (stem and leaf) will be directly
affected [47-49]. Another consequence of this compaction of the soil is of the hormonal type, it
corresponds to the sending of a negative signal, such as abscisic acid (ABA), by the root towards the
aerial system [50].
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Figure 4. Evolution of the length (A) and the width (B) of stem (n = 12).

In response to this signal, several phenomena are observed, namely: a reduction in the osmotic
potential of the root, which leads to an increase in turgor pressure and a decrease in the number of
cells [51]. Other effects include increased stomata resistance [45,52], depletion of leaf nutrient
content, and decreased leaf elongation[21].

The important load of Sodium is also another factor likely to be the cause of this difference of
growth observed between the two soils. Sodium in the MS exceeds 7 times that of the FS (842.5 mg kg *
vs. 188.7 mg kg ™) and chloride is always more abundant in the MS (217.46 mg kg ™). This would
reduce the permeability of the soil and inhibit the good absorption of the raw sap since the osmotic
pressure of the soil will be much greater than that of the absorbent hairs of the piliferous zone of the
roots. In addition, the notable decrease in the size of various organs such as the leaf system and the
height of the stem is a kind of morphological adaptation and also resistance to salt stress that this
plant undergoes [28].

A wealth of assimilable elements and trace elements is still in favor of FS which makes its
nutrients available to plants in sufficient quantities. The average potassium content in plants grown
on MS reduces the efficiency of photosynthesis since this chemical element intervenes in the smooth
functioning of stomata by regulating their closing and opening and thus promotes the realization of
photosynthetic gas exchange allowing a production of organic materials. In addition, it ensures a
flow of water in the plant particularly by regulating the pH level of the cells and the osmotic pressure.
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Potash is involved in the development of several molecules essential for photosynthesis such as ATP
and enzymes.

3.6. Effects of FS and MS on reproductive body

In addition to the differences observed in the vegetative body of these plants, a significant
difference was noted also for the reproductive parts with the plants grown in FS showing a higher
yield.

The number of flowers obtained in the FS is 22.20 £3.075, while 16.80 +2.042 is found in the
MS (Figure 5A). Concerning the number of fruits, the values are of the order of 17.40 £1.95 and
9.47 +2.167 for the FS and MS respectively. These two morphological parameters are strongly
dependent on the nature of the soil (p < 0.0001). The size of the fruits obtained shows a significant
difference 30.31 %2.96 cm=¥or FS versus 23.22 +2.09 cm=for MS (Figure 5B). The observation is idem
for fresh weight which is higher in plants grown in FS (135.87 £10.69 g) and only (96.43 £7.22 g) in
that of MS (Figure 5C). This proves that these tomato characteristics are mainly conditioned by
edaphic factors (p < 0.0001).

The decrease in productivity experienced by tomato plants grown in MS can be explained by
the nature of the soil substrate as its compact structure limited the water supply causing water stress
that is poorly supported by the tomato plant, which then reduces the number of flower buds formed.
This is in line with the work of [53] who showed that a decrease in the soil water content delayed the
beginning of flowering by decreasing its speed and that the development of the reproductive system
was more affected than the vegetative system in response to a water deficit. In fact, the flowering and
fruit setting periods are among the most sensitive stages of water stress. The lack of availability of
this resource because of the soil texture and its high salt loading which induces salt stress make the
yield much lower in the MS with relatively small fresh sizes and weights. These results corroborate
those of [54] who claim that an accumulation of salts in the plant decreased fruit yield by affecting
the formation and viability of the reproductive organs. This decrease in productivity is manifested by
a reduction in the fresh weight of tomato given the difficulty for water to accumulate in the fruit in
the presence of high salinity, since the flow of water is restricted by a low water potential. This
decrease in the fresh weight observed is due to its weak growth during the cell expansion phase
following the increase of the osmotic potential in the root system as well as the slowing down of the
fruit xylem development. Simply by reducing the amount of organic matter produced, the plant saves
energy in order to bring water in opposition to the osmosis law through active transport. This is
completely different from tomatoes planted in the FS, which is airy, has a suitable structure, and is
rich enough in nutrients essential for the growth of these plants.

The richness of the FS in nitrates, and in certain trace elements and assimilable elements, such
as phosphorus, potash, copper and zinc, promotes an early flowering as well as an effective fruiting
which results in a substantial number of large fruits with a high fresh weight. This is in line with
work carried out on tomatoes amended with compost [55], which showed that a sufficient supply of
nitrogen present in organic fertilizers would profusely enhance the yield of the crop, because nitrate
is the mineral source of nitrogen best assimilated by plants. The absorbed potassium promotes both a
qualitative and quantitative enhancement of the fruit. During the fruiting stage, the accumulation of
phosphorus brought to the fruit by the soil is much higher than that brought to the vegetative system,
namely the leaves and branches.
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4. Conclusions

The results obtained demonstrated that the physicochemical characteristics of the soil
significantly influence the development and growth of cultivated plants as well as the quality of the
tomato fruit. In fact, the yields obtained in the FS are more satisfactory than those of the MS.
Meanwhile, the results are encouraging as the small imperfections of the MS are remediable. Its fine
texture and compact structure can be improved by an additional supply of humus and compost which
will not only eliminate its mechanical stresses, but will even enrich it with mineral and organic
substances making it more fertile. This will countermeasure the low concentrations of trace elements
that inhibited photosynthesis and resulted in inadequate morphological results compared to the FS,
such as smaller fruit sizes and shorter stem lengths. In addition, the supply of organic matter proves
to be essential because by improving the structure of the soil, the elimination of accumulated salts
would be facilitated. A high load of salts such as sodium may also be attenuated by the use of low
salt water to limit the growth of excess salinity. Another alternative may be implemented, such as the
renewal of the earth to a depth of about ten centimeters, which would promote the growth of some
plants intolerant to high salinities that have accumulated in the upper horizons of the soil.

The study of water parameters revealed that the use of this treated wastewater from the
Mediouna (WWTP) can be envisaged as part of a circular economy that aims to: recycle waste in
order to compensate for the lack of this resource water rich in minerals essential for the development
of elaborated sap providing that:

—The mercury and sulphate levels in this irrigation water are reduced.
—Studies on the microbiological quality of fruits are further extended.

Finally, more work is being carried out on other species belonging to the same genus
Solanaceae, in order to evaluate the physicochemical quality of the fruits resulting from the use of
treated waste water, to guarantee their safety, and to avoid any bacteriological contamination or
bioaccumulation of heavy metals that may endanger public health.
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