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Abstract

Salt stress is a major agro-environmental constraint on crop productivity. In this study, the effect of
different levels of salinity stress (0, 25, 50, 75, and 100 mM NaCl) on the accumulation of some ions in
two salt-tolerant and susceptible onion cultivars (Esfahan and Behbahan cultivars, respectively) was
investigated in 2017. The research was done by a factorial experiment based on a completely randomized
design with three replications. The results showed that salinity increased Na and CI contents and also
decreased K content in the leaf and root in both cultivars. However, Na and Cl contents in the leaf and
root of the susceptible cultivar were significantly higher than those in the tolerant cultivar, while the K
value was less. In both cultivars, the CI content in the leaf and root decreased with increasing salinity.
However, the amount of Ca in the tolerant cultivar was higher than that in the leaves and roots of the
susceptible cultivar. Salinity only significantly reduced Mg in the leaves. The amount of phosphate
decreased at low salinity levels and increased as salinity increased. Yield injury index was in
significantly negative correlation with K, Ca, K/Na, and Ca/Na ratios and in significantly positive
correlation with Na and Cl in the leaves and roots. The results indicated the salt-tolerant cultivar plays
arole in reducing the Na and CI uptake, as well as increasing the absorption and transfer of K and Ca to
the leaves. Therefore, it could cause low yield injury under the salinity conditions compared with the
susceptible cultivar.
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Introduction

Onion (Allium cepa L.) is one of the most important vegetables produced in the world, so that
its production in 2017 exceeded 97 million tons. Iran annually produces more than 2 million
tons of onions; that is about 2% of global onion production, making it the world's fifth largest
onion producer (FAO, 2017). Salt stress, one of the most important environmental issues in the
world, has a negative effect on the growth and production of crops, especially in arid and semi-
arid climates (Karimi et al., 2012). Agricultural soils contain different types of salt ions.
However, sodium chloride is usually the dominant and harmful salt, the increase of which
reduces vegetative growth and photosynthesis rate (Turan et al., 2007). Among the main
adverse effects of salinity on the growth and development of plants, water shortage and ion-
induced toxicity of a large amount of chlorine (CI) and sodium (Na) can be mentioned. These
factors often lead to the lack of calcium (Ca), potassium (K), and other nutrients (Marschner,
1995; Munns, 1993). Plants exhibit resistance to salinity stress through various mechanisms
such as the uniform distribution of toxic ions in cell vacuoles, accumulation of persistent
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osmosis in the cytoplasm, Cl and Na uptake decrease by the root, and non-transfer of Cl and
Na to the stem (Karimi and Sadeghi-Seresht, 2018). The resistance degree of plants to salinity
stress also varies between different species and even varieties of a single species (Loupassaki
et al., 2002; Karimi and Sadeghi-Seresht, 2018;). Salinity management through recovery or
improving farming techniques is often very expensive and only short-term solutions are
available for overcoming salinity problems in arid and semi-arid regions, in which there is
severe shortage of irrigation water (Turan et al., 2007).

A permanent solution for minimizing the harmful effects of salinity is to use cultivars that
can grow and have economic production under saline conditions (Fooland, 1996; Al-Ashkar et
al., 2019; Munns et al., 2006). In this regard, it is important to have a holistic understanding of
the whole plant physiology against stress in order to select cultivars and improve salinity
tolerance. When selection is made for quantitative characteristics, physiological indices can be
more effective than agronomic indices or external evaluation (Ashraf and Harris, 2004). When
plants are unable to control Na uptake to K uptake, Na accumulation in plant tissues exceeds
the expected levels and causes cell damage. For minimizing the toxic effects of the salt in plant
cells, plants should develop mechanisms in order to maintain low concentrations of Na in the
cytosol by distributing Na into vacuoles. Several carrier proteins have been detected on the
tonoplast membranes, which are responsible for dividing the efficiency of Na into the vacuole
(Zhu, 2003). During recent years, several studies have shown that the absolute amounts of
elements such as K, Ca, and Na in plants and the amount of equilibrium between the anions in
plant organs play an important and determining role in terms of salinity tolerance differences
(Ashraf and McNeilly, 2004; Aktas et al., 2006; Akram and Ashraf, 2009). Several research
centers have tried to improve salt tolerance in cultivars and plant varieties via the absorbance,
transport, and accumulation of nutrients, especially Ca, Na, K, and Cl in plants. Concentration
and ratio of these elements are used as screening parameters for tolerating salinity stress in the
cultivars (Munns et al., 2006; Colmer et al., 2006).

Most of the current studies on onion salt tolerance have been focused on its growth, yield,
shoot and root, and Na and CI toxicity. According to previous works, some onion cultivars have
demonstrated more tolerance to salinity than others (Khodadadi, 2002; Hanci et al., 2016).
Studies with different cultivars have found that when the concentration of Na and CI in onion
tissues increase with increasing salinity, the change in the content of nutrient elements varies
among different cultivars (Khodadadi and Omid Beigi, 2004; Hanci et al., 2016). Identification
of salt-tolerant cultivars is of great importance in onion breeding and production. Investigating
the effects of salinity on the amount of nutrient elements in the onion is essential for
understanding the effects of salt stress on plant growth and yield as well as identifying the
important tolerance mechanisms in the onion. This study is aimed to investigate the relationship
between yield injury (Y1) and some important nutrients in two onion cultivars with different
levels of salinity tolerance.

Materials and Methods
Plant materials

To investigate the effect of salt stress on the accumulation of some ions in two onion cultivars,
a factorial experiment using a completely randomized design with three replications was
conducted in Research Greenhouse Complex, Agricultural Sciences and Natural Resources
University of Khuzestan, in 2017. The first factor consisted of two onion cultivars (Esfahan
[salt-tolerant] and Behbahan [salt-susceptible]) and the second factor was five salinity levels
(0, 25, 50, 75, and 100 mM NacCl). First, the seeds were planted in transplant trays (perlite
substrate). After the germination and appearance of seedling, those with similar size and
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identical vegetative conditions were selected and, after washing the roots with water, they were
transferred to the hydroponic media. An aquaculture system was employed for this study. The
modified Hoagland nutrient solution (Epstein and Bloom, 2004) was used to feed the plants.
After transferring and transplanting them in a hydroponic medium, salinity was applied by
adding NaCl to the nutrient solution for each treatment. Moreover, to prevent osmotic shock,
the treatments were conducted gradually by adding 12.5 mM NaCl every 12 h (25 mM daily).
The greenhouse temperature was controlled between 20 and 25°C. During the growth period,
the pH and electrical conductivity of the nutrient solution were adjusted on the daily basis. To
maintain the salt and nutrient concentrations, the solutions were changed every two weeks. The
nutrient solution was ventilated by the air pump during the day. At the end of the experiment,
the plants were removed from the planting medium. Next, different parts of the plant (i.e. root,
onion, and leaf) were separated after washing the roots.

Measuring the stress index

Y| was calculated according to the following formula (1) (Badran, 2015):

Y1 (%) YR=( " 7- Yy Yo x 100 )

Where Y, and Y, denote yield (bulb fresh weight) in non-stress and stress conditions,
respectively, for each cultivar.

Element measurement
Sample preparation

First, the leaves were washed with tap water, with 0.1 M hydrochloric acid, and with distilled
water, in the order of their appearance. The plant sample was dried in an oven at 70°C for 48 h
and, then, milled. The milled sample was passed through a 0.5 mm sieve and used to measure
the content of certain minerals (i.e. K, Ca, Mg (magnesium), P (phosphorus), Na, and CI. The
samples of the prepared leaves were extracted for measuring their elements as follows:

Extraction steps

1- Some of the plant samples were digested by wet burning in a volumetric flask with sulfuric
acid-salicylic acid-hydrogen peroxide (Wahing et al., 1989).

2- Some other plant samples were digested by dry burning in the furnace and the combination
was performed with hydrochloric acid (Chapman and Pratt, 1961).

Measuring P by calorimetric technique

About 5 mL of the extract solution obtained by digestion method 1 was poured into a 25 ml
volumetric flask. Next, 5 ml of the ammonium molybdate-vanadate solution was added to it
and reached the destination volume. Then, the absorbance value was measured by a
spectrophotometer at 470 nm. The amount of P in the dry sample of the plant, in terms of mgg"
'DW of the sample, was obtained using the following formula (Wahing et al., 1989):

P = AxBxV//2000W x 100/D.M )
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where A is the concentration of the P sample, B is the concentration of control P, V is the final
volume of solution, and W is the weight of the dried plant.

Measuring K and Na by flame photometer method

The solution obtained by extraction method 2 was diluted with the ratio of 1:9 using the Cesium
chlorideand the absorbance was measured using a film photometer with the wavelength of 766.5
nm for Kand 589 nm for Na (Wahing et al., 1989). K and Na contents in the dry sample of the
plant were calculated using the following formula (3) and expressed based on mgg™DW of the
sample:

K = AxBxV/1000W « 100/D.M 3)

Measuring Mg and Ca

Extracts from dry burning and acid combinations were used to measure the plant Ca and Mg.
The procedure was carried out by taking 1 mL of the extract of the samples and the control and
diluting it to the ratio of 1:9 with distilled water. Afterwards, 0.25 ml of the diluted extract was
transferred to the test tube, to which 4.75 ml of lanthanum nitrate solution containing 1 g/L of
lanthanum was added. This extract was used to measure Ca uptake (422.7 nm) and Mg uptake
(282.2 nm) by an atomic absorption device (Wahing et al., 1989). The Ca and Mg contents in
the dry plant were calculated by the following formula and expressed based on mgg*DW:

Caor Mg = (A-B)x1/500xV/Wx100/D.M 4)

where A is the concentration of Ca or Mg in the extract in mg/L, B is the concentration of
control Ca or Mg in mg, V is the volume of the primary extract obtained by digestion in mL,
W is sample weight for digestion in g, and D.M is the percentage of plant dry matter.

Measuring Cl in the plant

The plant sample was ashed in alkaline medium and the CI from the ash was extracted by hot
distilled water and titrated in the presence of standard silver nitrate potassium chromate reagent.
Ca oxide was used to alkalize the medium in the ashing phase (Wahing et al., 1989). The
amount of Cl in the sample was calculated based on the following formula and expressed in
mggDW:

Cl%= (T +5 —B) *F * 35.5/1000 *100/m * 100/D.M (5)

Where T is silver nitrate intake for the sample titers, B is silver nitrate intake for control titers,
M is the weight of sample weighed for ashing, DM is the percentage of plant dry substance,
and F is standard silver nitrate factor.

Statistical analysis

The SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis
of the generated data. Before analysis of variance, the validity of the normality assumption was
checked by Shapiro-Wilk test (Shapiro and Wilk, 1965) and the homogeneity of variance was
examined using Bartlett test (Bartlett, 1937). The differences among the means of different
treatments were tested using least significant differences (LSD) at probability 5%. To describe
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the magnitude of the relationships between Y| and some mineral elements, Pearson's correlation
coefficients (r) were calculated using SPSS (ver. 23). Microsoft Excel (ver. 2013) was used to
plot the results.

Results

Results of analysis of variance (ANOVA) concerning the effect of the interaction of cultivar
and different salinity levels on Y1, K, Na, Cl, K/Na, and Ca/Na ratio in the root and leaf of the
studied cultivars were significant at 1% probability level; but it had no significant effect on Ca,
P, and Mg contents (Table 1). The effects of cultivars and salinity on Ca in the leaf and root
and the effects of salinity on P and Mg in the leaf and root were significant at 1% probability
level (Table 1). The simple effects of salinity and cultivar on the other studied attributes were
significant at 1% probability level.

Table 1. ANOVA results of the effects of cultivar and salinity treatments on some mineral
elements in the leaf and root of two onion cultivars
Mean Squares (MS)

Sources of variance df. |, Leaf K RoothlZaf Root Na (":zaf Egm Leaf P Root P
Cultivar 1 1220.450~ 0.298™ 0.605 4.461" 51.117" 0.019" 0.023~ 0.003™ 0.007™
Salinity 4 6868.650" 0.812™ 1.585™ 3.704™ 73.447" 0.134™ 0.123™ 0.091* 0.128"
Cultivarx Salinity 4  135.490™ 0.027" 0.047" 0.455™ 6.191" 0.003™ 0.002™ 0.003™ 0.001"
Error 20 4.110 0.006 0.006 0.004 0.163 0.002 0.001 0.009 0.004
Coefficient of 5000 4301 7.398 5426 11.416 15.167 4.744 9.936 11.641
Variations

Cultivar 1 0.001™ 0.002® 0.736" 0.827 16576~ 5.738" 3.633~ 2.064"
Salinity 4 0.028™ 0.005™ 0.636™ 1.708™ 327.394™ 37.097" 70.095™ 10.390"
Cultivarx Salinity 4 0.004™ 0.002" 0.088™ 0.204™ 2.047""  1.339™ 0.485™ 0.494™
Error 20 0.007 0004 0002 0005 0.266  0.060 0028  0.011
\Cloe.ff'.c'e”t of 7178 3853 5821 5921 9.804 14124 6.680  10.094
ariations

" and ", Not significant and significant at 1% error probability level, respectively. d.f. degree
of freedom, Y1 yield injury, K potassium, Ca calcium, P phosphate

Y1 (%)

Mean comparison of the interaction of salinity and cultivar on Y| of Esfahan and Behbahan
cultivars showed that the amount of Y1 in both cultivars had a significant increase with
increasing salinity levels. Here, the highest increase was observed in both cultivars at high
salinity levels (100 mM NaCl) (Figure 1). The results also showed that Y1 of Esfahan cultivar
at all salinity levels was lower than that of Behbahan cultivar (Figure 1).

Effect of salinity on K content in leaf and root

The effects of different salinity levels and cultivars on K content (mgg*DW) in the leaf and
root are presented in Figure 2. The results showed that the amount of K in both cultivars had a
significant decrease with increasing salinity levels and the highest decrease was observed in
both cultivars at high salinity levels (100 mM NaCl) (Fig. 2). The results also indicated that the
amount of K in the leaf and root of Esfahan cultivar was more than its amount in the leaf and
root of Behbahan cultivar at every stress level (Figure 2).
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Figure 1. Interaction of different levels of salinity and cultivar on Y1 (%) of two onion cultivars with
different salinity tolerance
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Figure 2. Interaction effects of salinity and cultivar on K content (mgg™*DW) in leaf (A) and root (B)
of two onion cultivars with different salinity tolerance

Effect of salinity on Na content in leaf and root

A composition of Na content of leaf and root onions cultivars at different NaCl levels is shown
in Figure 3. All salinity levels significantly increased the Na content in the leaf and roots of
both cultivars and the highest increase was observed in 100 mM NaCl. Also, the results showed
that the amount of Na in Esfahan cultivar in all treatments was less than Na content of
Behbahan. Moreover, the Na shortage between tolerant cultivar of Esfahan and susceptible-
cultivar of Behbahan created a significant difference (Figure 3).
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Figure 3. Interaction effects of salinity and cultivar on Na content (mgg*DW) in leaf (A) and root (B)
of two onion cultivars with different salinity tolerance
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Effect of salinity on Ca content in leaf and root

The mean comparison of the simple effects of cultivar showed that Ca content (mgg*DW) in
the leaf and root of Esfahan cultivar were significantly higher than that of the Behbahan cultivar
(Figure 4). Also, the increase in the salinity levels in the nutrient solution resulted in a
significant decrease in Ca content in the leaf and root, irrespective of the cultivar type (Figure
5).
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Figure 4. Simple effects of cultivars on the leaf (A) and root (B) Ca content (mgg*DW) in two onions
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Figure 5. Simple effects of salinity tension on Ca content (mgg*DW) in leaf (A) and root (B) of
onions cultivars

Effect of salinity on P content in leaf and root

The mean comparison of the simple effects of salinity on P in the leaf and root showed that P
concentration had a significant decrease with salinity increase at NaCl level of 25 mM. With
an increase in the salinity level, the concentration of P in the leaf and root also increased, so
that at 75 and 100 mM NacCl, the amount of P was higher than that of the control (Figure 6).
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Figure 6. Simple effects of salinity on P content (mgg™*DW) in leaf (A) and root (B)
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Effect of salinity on Mg content in leaf

As shown in Figure 7, an increase in the NaCl concentration of the nutrient solution
significantly reduced Mg content in the leaf (mgg™DW), so that the highest decrease occurred
at the high salinity levels (100 mM NaCl).
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Figure 7. Effect of different salinity levels on leaf Mg content (mgg*DW)
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Effect of salinity on CI content in leaf and root

Mean comparison of interaction effects of salinity and cultivar on the amount of Cl (mgg*DW)
in the leaf and root showed that, with an increase in salinity levels, Cl content had a significant
increase and the highest increase in both cultivars was at the highest level of salinity levels (100
mM NacCl) (Figure 8). Also, the results showed that the Cl amount in the Esfahan cultivar at all
different levels of salinity was less than that of the Behbahan cultivar (Figure 8).
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Figure 8. Interaction effects of salinity and cultivar on the leaf (A) and root (B) Cl content (mggDW)
of two onion cultivars with different levels of salinity tolerance

Effect of salinity on K/Na ratio in leaf and root

The effects of different salinity levels and cultivars on K/Naratio in the leaf and root of Esfahan
and Behbahan cultivars showed that this ratio, in both cultivars, had a significant decrease with
increasing salinity levels. Here, the highest decrease was observed in both cultivars at high
salinity levels. The results also showed that the K/Na ratio in Esfahan at all salinity levels was
more than that of Behbahan and there was significant difference between both cultivars (Figure
9).
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Figure 9. Interaction effects of salinity and cultivar on the K/Na ratio of the leaf (A) and root (B) in
two onion cultivars with different levels of salinity tolerance

Effect of salinity on Ca to Na ratio in leaf and root
Mean comparison of the interaction effect of salinity and cultivars on Ca/Na ratio in the leaf of

both cultivars showed that this ratio, in both cultivars, had a significant decrease with increasing
salinity levels; but, the reduction level was less in the Esfahan cultivar (Figure 10).
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Figure 10. Interaction effects of salinity and cultivar on Ca/Na ratio in leaf (A) and root (B) of two
onion cultivars with different levels of salinity tolerance

Correlation between YI and some minerals

The correlation between Y1 and K, Ca, K/Na, and Ca/Na ratio was negative and highly
significant. Also, there was a significantly positive relationship between Y1 and Na and Cl
amounts in the leaf and root (Table 3). Correlation between K and Ca contents in the leaf and
root was positive and highly significant, while it was negative and highly significant in terms
of Na and Cl contents in the leaf and root. K/Na ratio in the leaf had highly significantly positive
correlation with K/Na in the root, Ca/Na ratio, and K and Ca in the leaf and root. Moreover, it
had highly significantly negative correlation with high Na content in the leaf, and highly
significantly negative correlation with Na content in the root and Cl in the leaf and root (Table
2).

Discussion
The results showed that increasing salinity increased the YI of both cultivars. It was also

observed that the more tolerant cultivar (i.e., Esfahan) had a significantly lower Y1 (%) than the
susceptible-cultivar (Behbahan) in all the treatments. This is consistent with the findings by
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Badran (2015). Hosseini (2019) noted that Y1 could be a reliable index for selecting high
yielding onion cultivars under both with and without salt stress conditions.

Table 2. Correlation between Y1 (stress index) and some mineral elements in leaf and root of two
cultivars of edible onions with different degrees of salinity tolerance
Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root
K K Na Na Ca Ca Cl Cl K/Na K/Na Ca/Na Ca/Na
Root K 0.95™
Leaf Na -0.95™  -0.94™
Root Na -0.94™ -0.88™ 0.95™
Leaf Ca 0.89™  0.88™ -0.87" -0.91™
Root Ca 0.89™  0.91™ -0.88™ -0.91™ 0.96™
Leaf CI -0.92™ -0.9170.98™ 0.97" -0.90™ -0.92™
Root CI -0.93™  -0.92™0.95™ 0.96™ -0.93™ -0.94™ 0.98™
Leaf K/Na 0.75™  0.81™ -0.72" -0.59™ 0.61™ 0.61™ -0.62"" -0.65™
Root K/Na 0.78™  0.85™ -0.75™ -0.63™ 0.65™ 0.65™ -0.65" -0.68™ 0.98™
Leaf Ca/Na 0.75™  0.82™ -0.72" -0.60™ 0.63™ 0.62™ -0.63" -0.66" 0.99™ 0.98™
Root Ca/Na 0.80™  0.87"™ -0.77" -0.66™ 0.68™ 0.68™ -0.68™ -0.70™ 0.97™ 0.99™ 0.97™
Y -0.98™ -0.98™ 0.94™ 0.91™ -0.91" -0.92™ 0.91™ 0.94™ -0.78™ -0.81™ -0.78" -0.83"
“Correlation is significant at the 0.01 level

The results showed that K was significantly decreased in both onion cultivars due to salinity
increase. It was also observed that the Esfahan cultivar (the tolerant one) had significantly
higher K content than the Behbahan cultivar (the susceptible one) in all the treatments, which
is consistent with the findings of Khodadadi (2002), Malik et al. (1982), and Arvin and
Kazemipour (2003). With increasing salinity, the difference between the amount of K in the
leaves and roots of the tolerant cultivar increased compared with the salinity-sensitive cultivar
(Figure 2). These results showed that the tolerant cultivar had a greater ability to absorb and
transfer K than the susceptible cultivar. The maintenance of K+ acquisition with the exclusion
of Na+ from photosynthetic leaves was indeed found to be highly correlated with the plant salt
tolerance (Hanin et al., 2016).

K plays an important role in many plant processes including ion stability in plant cells,
osmotic regulation, opening and closing the stomatal guard cells, and antioxidant systems. As
the result of salt stress, an increase occurs in Na ion accumulation in the plant, ion imbalance,
nutrient deficiency, and ion toxicity. A decrease in plant growth to high Na concentration has
been attributed to the lack of K and Ca uptake (Jouyban, 2012). K is known as a trade-off ion
for Na excretion in the cell membrane system because the withdrawal of Na ion in the cortex
accompanies the entry of K ions and the presence of large amounts of Na prevents the
absorption of nutrients such as K by plant tissues; consequently, the plant is encountered with
the lack of this element (Akram and Ashraf, 2009).

Results from other researchers imply that salt-tolerant cultivars have a higher ability in the
transport of K into shoots and leaves and, then, maintain the suitable K/Na ratio for normal
metabolism (Flowers et al., 2015; Hamdani et al., 2017; Liu et al., 2019).

Salinity increase resulted in an increase in the Na content in the leaf and root of both
cultivars, but the tolerant cultivar of Esfahan had significantly lower Na content than the
Behbahan susceptible cultivar. In both cultivars, the amount of sodium in the roots was higher
than that in the leaves (Fig 3), indicating that onions have an exclusion mechanism. Strong
correlation between salt exclusion and salt tolerance does exist in many species. Further
removal of sodium from xylem to translocate back into the roots is another way to prevent Na*
over-accumulation in photosynthetic tissues (Hanin et al., 2016). The results of this study are
consistent with the research results of Khodadadi and Omid Beygi (2003) and Arvin and
Kazemipour (2003). They have observed that increasing salinity significantly increases Na
accumulation in onion cultivars. In the presence of high amounts of Na in the root medium, the
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concentration of this element can be increased in plant organs. Numerous studies have shown
that NaCl salinity increases the amount of Na in the plant tissue of many crops (Sivritepe et al.,
2003; De Pascale et al., 2003; Essa, 2002; Parida and Das, 2005). One mechanism of salt
tolerance in plants is the prevention of Na transfer to young organs (Munns et al., 2006, Munns
and Tester, 2008). Previous studies have reported that salt-tolerant cultivars have a higher
ability for the prevention of Na uptake and transfer of the root to shoots (Flowers et al., 2015;
Munns and Tester, 2008). Low Na+ concentration in the shoots was used as selection criteria
to breed salt-tolerant cultivars in some plants (Chen et al., 2017). The lower level of Na amount
in the leaf and root of the Esfahan cultivar than the Behbahan cultivar was because of the higher
ability of this cultivar to inhibit the absorption and transfer of Na ions, which improved salt
tolerance of the Esfahan cultivar compared with the Behbahan susceptible cultivar (Hanin et
al., 2016).

Ca content in the root and leaf of both cultivars significantly decreased with increasing
salinity. Also, the Esfahan cultivar, which is more tolerant to salinity, had higher Ca content
than the Behbahan susceptible cultivar. Previous research has shown that increasing the amount
of Na in the root reduces the Ca content in onions (Arvin and Kazemipour, 2001; Khodadadi,
2002), which is consistent with the findings of this study. Significantly negative correlation was
found between Na and Ca contents in the leaf and root of onions in this study. According to the
findings of some researchers, the major role of Ca in increasing salinity resistance in the plants
relates to the effect of its control Na loading in the vascular (Melgar et al., 2006; Husain et al.,
2004). Ca is an essential element in plant nutrition that plays an important role in metabolic
activities such as membrane stability, transmission of the message as secondary messengers,
and controlling the activity of some enzymes. Ca helps reduce the negative effects of salinity
by maintaining membrane stability, regulating ion transport, and maintaining selectivity for
K/Na and Ca/Na (Nedjimi and Daoud, 2009). Many studies have reported that in the plants
under salt stress, Ca contents in the root and shoot decrease; but, this reduction is less in salt-
tolerant genotypes than salt-sensitive genotypes (Hadi and Karimi, 2012). Regarding the role
of Ca in controlling the effects of salinity stress, higher Ca content in the more tolerant cultivar
(Esfahan) may play a key role in its salinity tolerance.

Results showed that at low levels of salinity, the P content decreased in the root and leaf of
both cultivars; but, with increasing salinity levels, P content in the leaf and root increased, so
that at high levels of salinity in the roots and leaves, P content was higher than the control
sample. According to Martinez et al. (1996), salinity could increase P uptake through the low-
affinity system in the plants under high external P concentrations. However, the results of some
other studies have indicated that salinity decreases P uptake because of the possible competition
between P and Cl absorption (Martinez and Lauchli, 1994). Some researchers have suggested
that there are distinctions between the varieties of a species in terms of P uptake and salinity
induction (Grattan and Maas, 1984). Previous studies have reported P content increment in
susceptible cultivars and its decrease in salinity-resistant cultivars in the olive (Loupassaki et
al., 2002) and rapeseed (Cerda et al., 1977). In this study, no differences were found in P of the
root and leaf between the two cultivars.

The results showed that increasing salinity decreased Mg in the leaf of both cultivars and
there was no difference between the cultivars in this respect. The effects of salt stress caused
changes in the uptake, transport, and distribution of the nutrients in different parts of the plant,
which affected the nutritional balance in the plant (Karimi et al., 2012). Mg which can be found
in chlorophyll molecules plays a key role in photosynthetic reactions. Moreover, it helps in P
metabolism, plant respiration, protein synthesis, and activation of several enzymes (Marschner,
1995). In many plants, NaCl salinity decreases the Mg uptake (Sairam and Srivastava, 2002;
Francisco et al., 2002; Yildirim et al., 2008).
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Comparison of the effect of salinity on Cl content in two onion cultivars of Esfahan and
Behbahan showed that, in both cultivars, ClI content in the leaf and root increased significantly
with increasing salinity levels, which is consistent with results by Khodadadi and Omid Beigi
(2003) and Hanci et al. (2016). Results of the correlation between CI data in the leaf and root
and the salinity tolerance and yield showed the very negative effect of Cl on salinity tolerance
and yield. Some researchers suggested that salt tolerance in some species is directly related to
Cl ion transport (Munns and Tester, 2008). As observed, the Esfahan salt-tolerant cultivar had
a lower amount of Cl in the leaves and roots. Keeping concentrations of Cl at the low level in
vital organs may be a good indicator of tolerance to salinity stress.

Results showed that with increasing salinity, K/Na and Ca/Na ratios decreased in both
cultivars; but, the reduction in the tolerant cultivar was significantly less than that of the
susceptible cultivar. Also, Y| showed significantly negative correlation with K/Na and Ca/Na
ratios. The results were consistent with the results by Ashraf and McNeill (2004) and Aktas et
al. (2006), showing that salt-tolerant cultivars have higher K/Na and Ca/Na ratios than their
susceptible cultivars in their aerial part. Increasing Na concentration and decreasing K/Na ratio
in response to salinity stress have been reported in several studies, However, in the tolerant
cultivars, less Na enters the plant tissues and, hence, the K/Na ratio in the plant is used as an
indicator for salinity tolerance (Ashraf and McNeilly, 2004; Colmer et al., 2006). In large
quantities of Na, the absorption of nutrients such as K and Ca in plant tissues is prevented,
which results in a reduction in K/Na and Ca/Na ratios (Akram and Ashraf, 2009). Salinity-
tolerant cultivars have higher K/Na and Ca/Na ratios than their susceptible cultivars (Ashraf
and McNeilly, 2004; Aktas et al., 2006) in their aerial organs. K/Na ratio has been proved as a
reliable parameter for determining salinity tolerance in some plants such as tomatoes (Dasgan
et al., 2002), cotton (Afhraf, 2002), rice (Aslam et al., 2003), and wheat (Poustini and
Siosemardeh, 2004; Colmer et al., 2006).

Conclusion

One of the problems for the plants that is made by salinity stress is the disturbance caused by
high amounts of ions such as Na and Cl on the physiological and biochemical processes. The
results showed that the Esfahan tolerant cultivar was able to decrease the amount of Na and Cl
uptake and increase K and Ca uptake in the roots and leaves. However, in the susceptible
cultivar, higher levels of Na and ClI and lower levels of Ca and K increased the loss yield level.
Therefore, measuring the concentration of K, Na, and Ca ions and K/Na and Ca/Na ratios in the
leaves and roots can be used as an indicator for screening salt-tolerant genotypes in the onion.
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