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Abstract

Climate change represents a significant challenge for agriculture and food security. This phenomenon contributes substantially to food
insecurity by increasing the frequency and severity of abiotic stresses such as salinity. Salt stress can unfavorably influence plant
development and efficiency of numerous crops, particularly in arid and semi-arid zones. Different strategies and procedures can be utilized to
moderate the negative impact of intemperate salt concentration within the soil. Here, the saltiness resistance of 2 Solanum lycopersicum L.
varieties (Karima and Jade) grown in an intercropping system with maize was assessed by measuring fruit production and quality. Our results
show that chlorophyll a was higher in the intercropping tomato than in the monoculture plants in both control (T, = 0 mM NaCl) and NaCl-
treated varieties (T;= 125 mM NaCl). Moreover, in intercropping systems, the variety of Karima was less affected by NaCl treatment. However,
for Jade variety, its intercropping with maize increased its production under both normal and salinity stress conditions. Regarding fruit
quality, pH value of Karima was higher in intercropped plants under NaCl treatment, while the Brix value was less affected by NaCl and
intercropping conditions. Finally, intercropping practices significantly influenced Na* and K* accumulation and Karima variety showed the

capacity to accumulate more K*and less Na*.
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Introduction

Climates alter proceed to extend the recurrence and seriousness
of different abiotic stresses such as extraordinary temperatures,
drought and salinity. Moreover, it contributes altogether to the
interruption of salt water into agricultural soils, particularly in
coastal regions as a result of the sea level rise and may also
increase soil and groundwater salinity by excessive utilization of
groundwater in arid and semi-arid regions (1). It is estimated
that at least 900 million ha, or approximately 7 % of the world’s
land area, are affected by salinity (2). Salinity is considered as
one of the most serious factors limiting plant growth and crop
productivity by affecting various physiological and biochemical
parameters of plants (3).

Soil salinity refers to the concentration of soluble salts
in the soil, commonly measured by electrical conductivity (EC)
in deciSiemens per meter (dS/m). Saline soils are defined by an
EC of 4 dS/m or higher. In contrast, sodicity relates specifically
to the presence of sodium ions, assessed through the sodium
adsorption ratio (SAR) or exchangeable sodium percentage

(ESP). Sodic soils have an SAR greater than 13 mmolc L™ or an
ESP of 15 % or more. While salinity affects plant growth by
reducing water uptake, sodicity impacts soil structure, leading
to reduced permeability. Monitoring EC is crucial, as elevated
salinity can impair plant growth and soil health (4).

Electrical conductivity serves as a key indicator of soil
salinity; higher EC values indicate greater salt concentrations.
Monitoring and managing EC is crucial, as excessive salinity
can impair plant growth, reduce microbial activity and
degrade soil structure (5).

Various strategies have been developed to reduce salt
tress, including breeding, marker-assisted selection, genetic
engineering and genome editing (6). In addition, some eco-
friendly cropping practices, such as mulching, the use of plant
growth regulators and intercropping, have been used to
improve tolerance to different types of stresses and to
conserve environmental sustainability and biodiversity.

Various studies have reported that intercropping
practices may alleviate the negative impacts of many biotic
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and abiotic stresses such as drought, salinity, extreme
temperatures, soil nutrient limitations and pest control (7, 8).
In addition, the financial advantages of intercropping are
evident through increased net returns and benefit-cost ratios.
In @ maize-faba bean study, intercropping systems yielded a 13
% to 42 % higher economic return compared to sole maize
cropping. This boost in income is attributed to the diversified
produce and more efficient resource utilization inherent in
intercropping systems (9).

Furthermore, agro-ecological intercropping can
improve soil salt solubility by producing organic acids through
root excretion; mitigate secondary salinization and surface soil
evaporation and increase soil protection and increases crop
productivity through its impacts on the physical, chemical and
biological properties of the soil (10,11). Moreover, its role
extends to combating global warming by reducing N,O and
CH; emission (12). In addition, some other agricultural
practices like biochar application can help alleviate salinity
stress and enhance plant morphology by improving soil
properties and nutrient retention; however, its high cost
remains a challenge for large-scale use (13, 14).

Previous research suggested that selecting appropriate
species, genotypes and row combinations could be a promising
agricultural approach to valorize salt-affected lands (15). The
objective of any investment is to recover funds and maximize
benefits (16). Intercropping recent studies have reported the
beneficial effect of cultivation of halophytic plants at the same
time or prior to the cultivation of crop plants (intercropping) on
desalination of the soil and therefore, improving salt tolerance,
plant mineral nutrition and favoring crop yield (17, 18).This
practice reduces Na* uptake in crops and improves soil
properties, leading to increased productivity (11, 19). While
intercropping can mitigate salinity stress, it may introduce shade
stress, negatively impacting plant growth and quality (20).

In recent years, many studies have reported the
importance of using halophytes to remediate saline soils,
which decrease water consumption and improve soil quality
(21). Intercropping with halophytes or salt-tolerant crops
decreases salt accumulation improves soil properties and
enhances crop productivity in saline soils (11). However,
intercropping may lead to shade stress characterized by low
red: far-red (R:FR) ratio and low light intensity, reducing plant
growth, quality and productivity due to altered light quality
and competition for light among plants (20, 22).

According to the Food and Agriculture Organization
(FAO), global tomato production has been on a steady rise over
the past decades. In 2022, the worldwide production of
tomatoes reached approximately 186 million tonnes, making it
the most produced vegetable globally. In Morocco, tomato
production was reported at 1.39 million MT in 2022 (23).

In this context, the tomato Solanum lycopersicum L. A
popular vegetable known as a source of nutrient and it was
widely used in the service of studies such as biotechnology and
agricultural practices to studying their resistance to a range of
environmental stresses (24).

Given the increasing impact of soil salinity on
agricultural productivity, the intercropping of tomato-maize
offers a sustainable, cost-effective strategy to improve crop
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resilience, optimize resource use and enhance economic
returns in salt-affected regions. The aim of this study was to
demonstrate the potential effect of tomato-maize
intercropping on tomato by improving plant growth, fruit yield
and fruit quality under saline conditions.

Materials and Methods
Plant material and growth conditions

The experiment was conducted in a plastic greenhouse at
Mohamed Premier University (Nador, Morocco) in March 2021.
The climate was semi-arid and the nearby area was intensively
used for agriculture. The 2 varieties (Jade, Karima) of tomato
and the maize variety (Blancato) used for this experiment were
first germinated in alveolar plates filled with black peat. Once
they reached the leaf stage, they were repotted into cups, allin a
culture chamber with a photoperiod of 8 hr/16 hr and a
temperature of 24 °C. After 3 weeks, the pots were moved to the
greenhouse to begin the salt stress experiment. Two batches
were established for the salt stress experiment: monoculture
(-IC) and intercropping (+IC) utilizing maize plants and 2
treatments 0 mM (T0) and 125 mM (T1) of NaCl were opted.

Plant sampling and analysis

Following transplanting (70 days), the plants in both trials were
carefully taken out of their substrate. After rinsing, the plant
components (fruits, leaves, stems and roots) were blotted on
filter paper. According to Lichtenthaler, plant leaf fresh matter
was utilized at each sampling to determine the following: leaf
weight, yield and chlorophyll concentration (25).

To determine the effect of salt stress on fruit quality and
mineral composition of the studied varieties Karima and Jade
treated with 120 mM NaCl and cultivated either in sole
cropping or intercropping farming systems, the pH and total
soluble solids (TSS), Na*, K* and lycompene have been
measured using the following instruments respectively: INE-
PHSJ-3F pH Meter, PAL-1 ATAGO refractometer, Horiba LAQUA
compactionometer.

Statistical analysis

The statistical analysis was carried out with the help of
Statgraphics Centurion 19. To evaluate the differences
between treatments, Analysis of variance was utilized to assess
variations between treatments and significance was attributed
to plant genotypes at P<0.05. In the Figures, distinct letters
indicate significant differences based on Duncan's multiple
range test (OMRT).

Results and Discussion

The effect of salinity stress treatments on chlorophyll, a
content of tomato plants grown in both monoculture and
intercropped with maize is shown on the Fig. 1. Salt stress
significantly (p<0.05) reduced chlorophyll concentration in
both varieties Karima and Jade. However, under
intercropped crops systems (IC), the chlorophyll content of
Karima was higher in both control and NaCl treatment
compared to sole crops (SC). In previous studies, researchers
have found that changes in light availability have significant
effects on chlorophyll contents, which decrease as light levels
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Fig. 1. Effect of NaCl (125 mM) on the chlorophyll a content of tomato plants grown either as a sole crop (SC) or as an intercrop with maize (IC).

fall (26). Other study has detailed an increment in chlorophyll
levels and a decrease within the photosynthetic rate for the
intercropping spring tomato compared to the monoculture
tomato (27).

Recently, ‘Campbell 33’ tomato variety was affected
by shade generated when grown at high density, as
evidenced by reduced photosynthetic pigments and net
photosynthesis (28). Similar results have been reported by
(20) and (29) who reported that shade led to reduce
chlorophyll content and net photosynthetic rate, when
compared to plants grown under normal light condition.
Rewrite the sentence and place the reference at the end.
However, under our experimental conditions, the effect of
shade on chlorophyll content greatly depends on plants’
genotype, Karima being positively affected by intercropping
under both control and saline conditions (20, 29). Other

studies on the effect of shade on tomato plants reported that
shade decreased chlorophyll content (30). Also, it was
reported that increasing shade resulted in increasing tomato
fruit yield with best results when applying 35 %s shade (30).

To investigate the effect of intercropping tomato (base
crops) and maize (component crops) on tomato salt
tolerance, we measured the crop yield and fruit quality of 2
tomato varieties (Jade and Karima) grown under control
conditions (0 mM NaCl) and in the presence of 125 mM NaCl.
The results (Fig. 2) showed significant differences (p<0.05)
between the 2 varieties and the 2 treatments. Under non-
saline conditions, Karima produced higher yield in both
intercropping and sole cropping systems compared to Jade
variety (Fig. 2). In addition, in intercropping system, the
observed reduction in yield of Karima was only 20 % under
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Fig. 2. Effect of salt treatment (125 mM) on total yield (g/plant) of tomato plants in sole crop (SC) and in intercropping (IC) with maize.

Plant Science Today, ISSN 2348-1900 (online)



RANAET AL

NaCl treatment, however under sole cropping this reduction
was by almost 36 %.

In a recent study, they found that the tomato variety
'‘Campbell 33' was affected by shade resulting from high-
density cultivation by increasing plant height, thinning stems,
decreasing root biomass and reducing photosynthetic
pigments and net photosynthesis (28). Previously, it has been
found that severe shading conditions significantly decreased
the soybean yield and yield components (31, 32). In spring
tomato, authors reported a decrease in total yield and an
increase in net income than did monoculture (27). In the
present study, intercropping treatment improved salt
tolerance of both tomato varieties. Opposite results have
been observed, suggesting that shade didn’t affect tomato fruit
yield and can be used to improve fruit quality such as reducing
sun burn (33).

Furthermore, intercropping of maize enhanced quality of
tomato under salt stress suggesting that rhizosphere microbial
communities and mycorrhizal association contribute to the
improved performance of tomato plants under salinity stress in
maize cultivation systems such as maize-soybean cropping,

which have been shown to influence the structure and function
of rhizosphere soil microbial communities, potentially improving
nutrient uptake and stress resistance in plants (34). Certain
bacteria, like Bacillus species, can mitigate salinity stress in
plants. For instance, Bacillus sp. PM31 has been found to
enhance growth and reduce oxidative stress in maize under
saline conditions, suggesting potential benefits in intercropping
systems (35). Also, Arbuscular Mycorrhizal (AM) fungi have been
documented to alleviate salt stress in various plants, including
tomatoes, by enhancing water uptake, maintaining ion balance
and improving overall plant health (36).

Results of measured pH and total soluble solids (TSS)
content in Karima and Jade variety showed significant
differences (p<0.05) between the 2 varieties and the 2
treatments (Fig. 3). pH was less affected by salinity treatment.
Thus, the pH of Karima under intercropping, which increased by
NaCl treatment, the pH of Jade under intercropping and that of
Karima and Jade in sole cropping was negatively affected by
salinity. Regarding the total soluble sold (TSS) content, NaCl
treatment increased TSS value in both varieties grown either in
sole cropping or intercropping systems. These values are
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Fig. 3. Effect of salt treatment on pH and total soluble sold (TSS) in fruits of tomato in sole crop culture (SC) and in intercropping with maize (IC).
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comparable to those reported in tomato plants grown either
with or without NaCl (cv. MicroTom) (3, 37, 38). Previously, it
have found that planting density can affect the ascorbic acid and
soluble solid content of tomato plants (39). According to these
authors, tomato fruits cultivated at higher planting densities had
lower levels of ascorbic acid and higher levels of total soluble
solids. The increased TSS content was caused by the advantages
of shading tomato plants, which included lowering air
temperature, soil temperature and radiation levels. This helped
the plants adapt with heat stress (40).

The results of Na* and K" minerals are illustrated in the
Fig. 4, revealing significant differences (p<0.05) between the 2
varieties and conditions. Under control conditions, Karima
variety accumulates less NaCl under both monoculture and
intercropped. Salinity treatment increased Na* content in both
varieties and this increase is more pronounced in the Jade
plants. The main ionic stress brought on by high salinity is
caused by the toxicity of sodium (Na*). Apart from its harmful
impact, an elevated external Na* concentration inhibits the
absorption of potassium (K*), a vital mineral nutrient, resulting
in inadequate cellular K* levels for enzymatic processes and
osmotic regulation.(37, 41, 42). Results in this work suggest
that the effect of intercropping on Na*accumulation depends
on each variety and was more efficient for Karima plants
treated with 125 mM NaCl, which was reduced by 26 %
compared to monoculture plants. Previously, it was found that
shading did not alleviate the negative effects of salinity on
growth and Na* accumulation in orange trees (43). In the

plants, K+ is closely related to fruit yield and quality and it’s a
key factor in the maintenance of osmotic adjustment and cell
turgor and plays an important role in enzyme activation,
photosynthesis and respiration; assimilate transport, protein
metabolism and stomatal regulation (44, 45, 46). Our results
showed that NaCl treatment increased K" content in both
varieties cultivated either in low or in high density with maize
(Fig. 4). Under intercropping conditions, Karima variety was
more efficient in accumulating higher concentrations of K*
under salinity stress conditions. These results suggest that
intercropping could play an important role in improving fruit
quality and increasing salinity tolerance of Karima variety
under NaCl stress.

Similarly, it was reported that peanut/maize
intercropping enhances the uptake of nutrients in peanut shoots
such as P and K (19). Also, previous studies showed that shading
increased fruit and foliar nutrient contents in bell pepper (40).
Recently, it was obtained higher nitrogen, phosphorus and
potassium uptakes in the intercropping systems compared to
sole crops (47).Regarding the results of lycopene in this
experiment (Fig. 5), salinity stress increased the lycopene
content in Jade variety grown in monoculture and in Karima
under intercropping systems.

These results are consistent with those reported, who
have suggested that lycopene concentration expanded
beneath high salt stress in both commercial cultuvar and a
tomato landrace (48). Similarly, it was detailed that direct
saltiness had a positive impact on lycopene collection (49).
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Fig. 4. Effect of salt treatment on Na* and K* in fruits of tomato in sole crop (SC) and in intercropping with maize (IC).
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Fig. 5. Effect of salt treatment (125 mM) on Lycopene content (mg/kg) in fruits of tomato in sole crop (SC) and in intercropping with maize (IC).

Lycopene is the most carotenoid found in natural products and
is mindful for the characteristic ruddy color watched at the
aging arrange (38). Lycopene plays an important role in fruit
selection and is well known for its antioxidant properties, with
its action as a potent free radical scavenger (50).

The financial advantages of intercropping are evident
through increased net returns and benefit-cost ratios. In a maize-
faba bean study, intercropping systems yielded a 13 % to 42 %
higher economic return compared to sole maize cropping. This
boost in income is attributed to the diversified produce and
more efficient resource utilization inherent in intercropping
systems (9).

While small-scale intercropping trials provide valuable
insights into plant interactions and stress tolerance, their
direct applicability to commercial agriculture remains limited
due to scaling challenges, edge effects and economic
feasibility concerns (51). In addition, there are other
agricultural practices such as the cultivation of biochar, a high-
carbon, fine-grained product derived from the pyrolysis of
biomass, which is a sustainable solution for agriculture and is
known to improve soil quality and sequester carbon; its
adoption in commercial agriculture remains limited due to
economic factors (52).

Conclusion

In summary, intercropping generally boosted chlorophyll a
level in tomatoes compared to monoculture. The variety of
Karima exhibited high salt tolerance, while Jade showed
increased production when intercropped with maize. Fruit
quality assessments indicated higher pH values in Karima
under NaCl stress (125 mM NacCl) in intercropping conditions,
while Brix values were less affected by NaCl and intercropping,.
Additionally, intercropping influenced Na* and K*
accumulation, with higher K* and lower Na* contents in Karima
variety. These findings emphasize intercropping as a promising
approach to reducing salinity stress and enhancing the
resilience of tomato production in challenging environments.

Additionally, while small-scale intercropping serves as a cost-
effective method to boost tomato yield and quality under
salinity stress; its adoption in commercial farming remains
limited due to economic constraints and financial viability
concerns.
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