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Abstract

Salinity is an ecological constraint for the soil in the world; this phenomenon is considered as the most important abiotic
factor which limits the growth and the productivity of plants. The present work was to follow in a first step the morpho-
physiological and chemical behavior of the tomato cultivated in intercrop with Atriplex halimus L. and subjected to salt
stress and in a second step we evaluate the effect of the A#riplex halimus L. on the evolution of soil salinity.

A decrease in leaf area, in potassium content and in total chlorophyll was recorded in tomato plants subjected to saline
stress; however sodium levels have increases in the same plants.

The presence of Atriplex halimus L. leads to a decrease in soil salinity and has a beneficial effect on tomato plants growth.
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Introduction

Salinity is a major constraint to productivity and
agricultural development, by reducing the growth and
development of plants (Rasool and ez al., 2013). It causes
a water deficit in plants in the form of physiological
dryness (Mahajan and Tuteja, 2005) by lowering the
relative water content of the leaves (Kaya and et al.,
2003; Katerji and et al., 2003; Soualmi and et al., 2017).

According to Wang and Nil, (2000) the immediate
response is to reduce the rate of expansion of the leaf
surface. All major processes such as: photosynthesis,
protein synthesis, energy metabolism are affected (Parida
and Dasa, 2005).

Salinity is apt to disturb the mineral nutrition of plants,
by limiting the removal of certain essential elements such
as potassium and calcium (Haleem and Mohammed, 2007;
Maksimovic and et al., 2010; Perveen and et al., 2012).

It is possible to limit the extent taken by the salinization
of land and water by exploring saline ecosystems and
identifying halophile species with economic and / or
ecological potential in order to use these naturally salt-
tolerant species for rehabilitation and enhancement of
saline soils (Belkhodja and Bidai, 2004).

*Author for correspondence : E-mail: fatimaagro@hotmail. fr

A trial of an intercropping between a halophile
Atriplex halimus L. and the tomato (Lycopersicum
esculentum Mill) on naturally salty soils, was carried out
in pots, in order to study the incidence of Atriplex halimus
L. on tomato growth and on the evolution of the soil
salinity

Material and Methods

Plant material and growth conditions

Two plant species were tested, the tomato
(Lycopersicum esculentum Mill) from the Solanaceae
family and the Atriplex halimus L. from the
chenopodiaceous family.

The substrate used corresponds to five types of soil
(unsalted soil; little salty; salty; very salty and extremely
salty) with different levels of salinity (Table 1). These
five types of soil selected are taken from the experimental
site of the National Institute of Agronomic Research
(INRA) of Relizane, Algeria.

The experiment was conducted under shelters, the
young plants of Atriplex halimus L. and of tomato are
transplanted in pots filled with the five types of soil studied
beforehand. Each soil type has 10 pots (05 pots for the
tomato intercropped with Atriplex halimus L. and 05
pots for the tomato grown alone).
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Table 1: Salinity levels of the different soils types used.

. little very |extreme
Soil type | unsalted salty salty salty | salty
Electrical
conductivity 0,15 441 8,86 | 15,52 2
(dsm/m)

Hydromineral nutrition of plants was ensured by
watering done three times a week with distilled water
substituted one faith out of three with a nutrient solution
of the WUXAL Macromix type.

Measurements and analyzes made on the tomato
* Measurement of leaf area
* Extraction and determination of total chlorophyll

* Analysis of the plant’s chemical parameters:
determination of sodium and potassium.
Analyzes made on the soil

To assess the effect of the presence of Atriplex
halimus L. on the soil salinity level, parameters were

measured on all soil samples before the installation of the
culture and after the digging up of the plants which are:

* The electrical conductivity of the aqueous extract
* Soluble salts (sodium, potassium)
Statistical analyzes

All the data obtained were the subject of a statistical
study based on a two-factor analysis of variance
(ANOVA), plus a comparison between the means
according to the Dunnett test at p <0.05.

Results

Effect on tomato

* Leaf area : From the results obtained in fig. 1, we
observe a better development of the leaf surface of the
tomato plants cultivated as an interlayer of the Atriplex
halimus L. compared to those cultivated alone.
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Fig.2: Effect of soil salinity on tomato total chlorophyll
content, cultivated in intercrop with Atriplex halimus L.

« Total chlorophyll : The chlorophyll content of tomato
plants decreases significantly with increasing soil salinity.
For all levels of salinity except for extremely salty soil,
this content is higher in tomato plants associated with
Atriplex halimus L. than those planted alone.

* Sodium : Under the effect of salt stress, the average
Na* content increases significantly with the intensity of
salt stress for the two batches (T, T + A). With the
exception of extremely salty soil, the presence of Atriplex
halimus L. causes a significant decrease in the level of
Na* in tomato plants in the presence of different salt
concentrations.

* Potassium : The results mentioned in fig. 4, show
that the potassium contents of the tomato decrease
significantly with the increase in the salinity of the soil.
The two batches (T, T + A) responded in the same way
to the presence of the salts. However, tomato plants
intercropped with the Atriplex halimus L. tend to
accumulate higher levels of K* compared to those grown

alone.
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Fig. 1: Effect of soil salinity on tomato leaf area cultivated in
intercrop with Atriplex halimus L.

Fig. 3: Effect of soil salinity on tomato leaf sodium content,
cultivated in intercrop with Atriplex halimus L.
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Fig. 4: Effect of soil salinity on tomato leaf potassium content,
cultivated in intercrop with Atriplex halimus L.

Effect on the soil

The fig. 5 shows that the electrical conductivity of
the soil solution has notable variations; it decreases
depending on the type of culture. This decrease is more
important in soil samples cultivated by Atriplex halimus
L. associated with tomato plants. Whose the most
remarkable variations are recorded for extremely salty
soil (T + A) with a reduction in electrical conductivity of
41.56% compared to non-cultivated soil and 32.26%
compared to soil cultivated only by tomatoes (T).

For the same type of soil, sodium accumulates less
in the soil solution cultivated by Atriplex halimus L.
compared to soil cultivated only by tomatoes and
uncultivated soil. (Fig. 6).

As for potassium, fig. 7, Shows us that the presence
of tomato and Atriplex halimus L. reduces the potassium
concentration in the solution of unsalted and slightly salty
soil compared to the same soil before cultivation.
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Fig. 6: Evolution of the sodium concentration of the soil
solution (meq / 1) of the aqueous extract according to
the type of culture installed.

For the other types of soil the k* accumulates more
in the solution of the soil cultivated only by the tomato
compared to that not cultivated with a maximum
difference of 73.10% recorded on the extremely salty
soil.

Discussion

High concentrations of salinity have a depressive
effect on growth, a decrease in leaf area has been
observed in tomatoes exposed to high concentrations of
salts. According to Kahlaoui and et al., (2009) this
decrease is due to a general reduction in plants.

The reduction in growth may also be linked to
disturbances in the levels of growth regulators (abscisic
acid and cytokinins) induced by the salt (Kuiper and et
al., 1998) sometimes to a reduction in photosynthetic
capacity following a reduction in the stomatal conductance
of CO, under the salt constraint (Santiago and Termaat,
1986). However, the tomato leaf area cultivated as an
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Fig.5: Evolution of the electrical conductivity of the soil
solution (CEs) of the aqueous extract according to the
type of culture installed.

Fig.7: Evolution of the potassium concentration of the soil
solution (meq / 1) of the aqueous extract according to
the type of culture installed.
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interlayer of Atriplex halimus L., is greater than that
cultivated alone, this probably results from the ability of
Atriplex halimus L. to pump Na* and consequently
decrease the salinity of the soil.

Regarding the total chlorophyll content, it decreases
significantly with increasing salinity. These results are
reported by Baker and Rosengqvist, (2004) on the tomato,
by Lycoskoufis and et al., (2005), by Niu and et al.,
(2010) on chilli pepper and by Achour, (2016) on okra.
These levels are generally higher in the presence of
Atriplex halimus L. than in its absence.

The regulation of mineral nutrition is qualified to be
an important characteristic of plant tolerance against a
variety of stresses, including salt stress (Ashraf and et
al., 2008; Akram and et al., 2009). In our experience,
plants have shown variation in sodium accumulation.

Indeed, Na* accumulates more in the leaves of
tomatoes exposed to high concentrations of salts. These
results are reported by Arbaoui, (2016). The accumulation
of Na™ is also less in the leaves of the tomato associated
with Atriplex halimus L. compared to the tomato grown
alone. Apparently this decrease results from the
regression of the concentrations of this element in the
soil solution (Fig. 6) which may be due to its translocation
by the Atriplex halimus L.

The accumulation of potassium slows remarkably
under the effect of the salts. The same results are reported
by Habib and et al., (2012) and by Achour, (2016) on
okra. However, this ion accumulates more in tomato plants
intercropped with Atriplex halimus L. compared to those
grown alone. This increase is probably due to the
decrease in Na* concentrations in the soil solution in the
batch (T + A) (Fig. 6), it is known that Na* in the plant
limits the absorption of essential cations such as K* and
Ca™ (Arbaoui, 2016).

Salinization is the process by which soluble salts
accumulate in the soil (USDA, 1998). It can be evaluated
by measuring the electrical conductivity of the soil solution
CEs. In species of the genus Atriplex, there is a
preferential translocation of the Na* ions towards the
aerial parts (Riemann, 1992). The Atriplex halimus L.
absorbed significant quantities of sodium accumulated in
the soil and it contributed to decrease the EC of the soil
solution.

The low potassium concentrations in the solution of
unsalted and low-salted cultivated soil are due to the fact
that potassium is used by plants in their metabolism. While
its accumulation with high values in the very salty and
extremely salty soil solution is explained by its non-use
by plants because of the presence of high concentration
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of Na* (Fig. 6) which limits the use of K* by plants. Work
on other cultures has presented similar results (Glass and
et al., 1981; Aylaji and et al., 2001).

Conclusion

Studying the effect of salinity on tomato growth has
allowed us to see the depressive effect that salinity plays
on tomato plants. The presence of Atriplex halimus L.
as an interlayer of tomato allowed us to assess the
beneficial effect of this halophile in improving the morpho-
physiological and chemical behavior of the tomato.

This improvement is represented by an increase in
the leaf area and the total chlorophyll content. Better
absorption of potassium has been noted in tomato plants
due to the ability of Atriplex halimus L. to pump sodium.

At ground level, the presence of Atriplex halimus
L. causes a decrease in soil salinity.
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