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Abstract 
 
The use of saline waters for the irrigation of crops such as onion is a common practice in the Brazilian semiarid region. However, 
the effect of the use of these waters on onion nutrition and growth has been underappreciated. This work aims to evaluate Ca2+, 
Mg2+, Na+, K+ and Cl- levels and onion growth in two Fluvisols under irrigation with waters of variable electrical conductivity and 
increasing values of sodium adsorption ratio. A greenhouse experiment was conducted in two Fluvisols cultivated with onion. After 
transplanting each plant was irrigated with saline waters, in a factorial arrangement 2 x 3 x 6, corresponding to two soils (sandy 
loam and silt clay loam), three values of electrical conductivity (EC - 200, 700 and 2,000 μS cm-1) and six levels of sodium adsorption 
ratio (SAR - 0, 5, 10, 15, 20 and 25 (mmolc L-1)0.5). Plants were collected at 90 days after transplanting and onion growth parameters 
as well Ca, Mg, K, Na and Cl levels were each measured. The SAR of the irrigation waters and the soil did not show any significant 
influence on the onion growth variables or on the levels of the evaluated elements. The increase in salinity of the irrigation water 
promoted a reduction in the growth variables of the evaluated onion cultivar. Increases in the levels of Ca, Na and Cl as well as a 
reduction in the level of K in the onion plant dry matter were all observed with increasing salinity of the irrigation water; however, 
the Mg content level was not affected. As the salinity of the irrigation water was the main factor affecting onion growth, an EC of 
200 µS cm-1 is the limit to promote the best onion growth cultivated in both sandy and silt clay soils. 
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Introduction 
 
Agriculture in the semiarid regions around the world is 
largely comprised of rainfed subsistence farming, which is 
characterized by low yield due to variation in rainfall 
quantity and distribution. However, despite the limited 
amount of water resources in the region, attention given to 
agricultural water management is very low and its 
sustainability is under pressure.  
Despite its successes, the practice of irrigated agriculture 
can cause several problems to arise when misused, such as 
soil salinization. This occurs due to the presence of dissolved 
salts in the irrigation water that, even at low concentrations, 
can be absorbed into the soil, making them saline within a 
few years (de Andrade et al., 2018). Additionally, 
groundwater salinization has become a global issue mainly 
in water-scarce areas, particularly in arid and semiarid 
regions, where groundwater is the primary source of water 
(Abu-Alrub et al., 2018). In these regions the utilization of 
saline water for irrigation, as an alternative, is somehow 
challenging, because it can pose serious threats to 
agricultural sustainability and food security by creating salt 
buildup in the root zone if used inappropriately (Hassanli et 
al., 2016). 
One of the most relevant aspects of successful irrigation as 

an agricultural practice is in respect to the quality of the 
irrigation water, especially in arid and semiarid regions. The 
quality of irrigation water refers to the salinity, sodicity and 
specific toxicity of certain ions. Salinity causes reductions in 
the plant’s water and nutrient availability, limiting growth 
and yield due to the readily available soluble salts in the soil 
solution (Rengasamy et al., 2003); sodicity refers to the 
action of the Na element, with a dispersive effect on soil 
colloids and is toxic to most plants; finally, the toxicity of 
specific ions corresponds to the effects caused by Boron, 
chloride, nitrate and Na, which have a negative impact on 
growth, yield and quality of the final product (Bar et al., 
1997; Wimmer et al., 2003). Moreover, the use of saline 
irrigation water has an adverse effect on soil–water–plant 
relations, occasionally severely restricting the normal 
physiological activity and productive capacity of the crops 
(Plaut et al., 2013). Under high salinity level, the crop 
growth, leaf surface expansion, and primary carbon 
metabolism of many crops are negatively affected due to 
osmotic effect, water deficit, nutritional imbalance, and 
oxidative stress (Kim et al., 2008). 
Therefore, upon determining the viability of use of irrigation 
waters, one must take into consideration their chemical 
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composition, crop tolerance, soil, water and crop 
management practices, climatic conditions, irrigation 
method and drainage conditions (Bustan et al., 2004). In the 
semiarid region of the Northeast of Brazil, various areas are 
found with soils which have become salinized through 
inadequate use of irrigation in these environments, such as 
the Cachoeira II Irrigated Perimeter located in Serra Talhada 
– PE (Fernandes et al., 2009).  
One of the most common crops in the aforementioned 
perimeter is onions. However, onion crops are considered to 
be sensitive to salinity (Sivritepe and Sivritepe, 2007). The 
cultivar Vale Ouro IPA 11 stands out in the state of 
Pernambuco, however, little is known in regards to the 
influence of saline water irrigation on the development of 
this cultivar or the effect of these waters on the nutritional 
aspects of the plant. Thus this work has the objective of 
evaluating Ca, Mg, Na, K and Cl levels of the plant’s dry 
matter as well as evaluating the development of onions 
grown in two Fluvisols under irrigation with waters of 
variable electrical conductivity and increasing values of 
sodium adsorption ratio. 
 
Results and Discussion 
 
Only the EC factor had a significant effect on analyzed 
variables. This indicates that the salinity exerts a more 
pronounced effect on the growth and nutrition of the onion 
than does SAR or soil type. 
 
Effects of saline irrigation on onion growth 
 
Increasing salinity of the irrigation waters had a significant 
negative effect on plant development. We observed that the 
different EC of the irrigation waters influenced each of the 
evaluated variables, with the exception of leaf dry matter 
(Table 3). The continuous use of saline water likely provoked 
an increase in the concentration of salts in the soil solution, 
leading to negative effects on onion growth variables.  
Since onion crops are sensitive to the effect of salts (Ayers 
and Westcot, 1985), one observes the expressive effect of 

saline irrigation water with an EC of 2,000 S cm-1 on all 
growth variables analyzed throughout the plant cycle. 
According to Yahya (1998), crop yield diminishes significantly 
when the content level of salts in the soil solution affect 
crop water and nutrient absorption, resulting in reductions 
to growth, development and production, which was 
observed in the results of this study. 
The increase of the salt content level in the irrigation water 
led to a significant reduction in production of fresh and dry 
matter of the plants, bulb and roots, as well as the fresh 
matter of the leaves, in addition to reducing the number and 
height of leaves and bulb diameter (Table 3). These results 
corroborate with those obtained by Lima and Bull (2008), 
who observed a reduction in onion growth variables with 
the increase of salinity from 0 to 10 dS m-1. Mangal and Lal 
(1989) also registered a severe reduction in the number of 
leaves per plant, leaf height and root development of onions 
with increasing soil salinity. Similarly, Lima et al. (2006) 
observed drastic reductions in the dry matter weight of the 
shoot system and bulb of onion plants with the increase of 
salinity from 0.3 to 8.0 dS m-1. Chang and Randle (2004) 
verified that increasing NaCl concentrations reduced bulb 
fresh weight (350 to 44.8 g per bulb) and leaf fresh weight 

(156 to 21.6 g per plant). 
The increase of the Sodium Adsorption Ratio (SAR) of the 
irrigation waters had no significant effect on onion growth 
variables, unlike rising EC. Thus, even with Na as the 
predominant ion in irrigation water, if the EC is low, the 
onion crop may have satisfactory production. It was not 
possible to adjust regression models for onion growth 
variables in terms of irrigation water SAR, indicating that, 
under the conditions tested, the use of a higher SAR does 
not affect onion development in the same way as increasing 
salinity.  
 
Effects of saline irrigation on onion nutritional status 
 
Ca, Mg, Na, K and Cl levels in the onion plant compartments 
were each evaluated in relation to irrigation water salinity, 
verifying an effect on Ca, Na and Cl levels in the onion plant 
bulb with the use of higher EC water (Table 4). There was an 
increase in the levels of these elements in proportion to 
increasing irrigation water salinity, in which the lowest levels 
in the bulbs were observed in plants irrigated with the least 
saline irrigation waters. 
Significant differences were not observed for K or Mg levels 
in the bulbs in relation to irrigation water salinity, although 
higher levels in bulbs were observed for plants irrigated with 
less saline water. These results suggest that the 
predominance of Ca2+ and Na+ ions in the irrigation waters 
and, consequently, in the soil solution, may be promoting a 
nutritional imbalance in the onion plants, affecting K and Mg 
absorption through the competition between these 
elements and the Ca2+ and Na+ present in the saline 
irrigation waters. Similar results were cited by Ojala et al. 
(1983), who reported reductions in K concentration in onion 
bulbs with increaseing irrigation water salinity. For Thomas 
(1980), soil salinization or irrigation with saline waters, 
generally with high NaCl or CaCl2 levels, increases the 
concentration of those specific cations in the plant, with a 
concomitant reduction of other cations. 
The levels of the elements in the dry matter of the onion 
plant bulbs submitted to irrigation waters with low EC (200 

S cm-1) were observed to follow order: K  Ca  Cl  Mg  
Na, results that concur with Vidigal et al. (2010). In these 
plants, the proportions of the levels of the elements in the 
dry matter of the bulbs corresponded to 60.79% K; 21.57% 
Ca; 7.22% Cl; 6.48% Mg; and 3.94% Na. On the other hand, 
in the dry matter of the bulbs of plants irrigated with EC of 

700 and 2,000 S cm-1, the levels of the elements presented 

the order: K  Ca  Cl  Na  Mg. Thus, with the increasing 
EC of the irrigation waters, Na levels were higher than those 
of Mg in the onion bulb dry matter, likely contributing to the 
reduction of this plant component (Table 3).  
In relation to the elements analyzed in the dry matter of the 
plant bulbs submitted to irrigation water with an EC of 700 

S cm-1, K corresponded to 44.69%; Ca to 31.42%; Cl to 
12.48%; Na to 6.70%; and Mg to 4.73%; while in the dry 
matter of the plant bulbs submitted to irrigation with an EC 

of 2,000 S cm-1 the proportions were: 35.23% K; 32.85% Ca; 
15.53% Cl; 11.68% Na; and 4.71% Mg, with greater 
proportions of Cl and Na, and lower proportions of K and 
Mg. Wiedenfeld (1994) verified levels of K in bulbs 
corresponding to 43.7%, Ca to 39.3% and Mg to 52.8% of 
total nutrients. This author related that most of the K and Ca 
accumulate in the shoots onion while the highest levels of  
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Table 1. Physical attributes of the two Fluvisols (0-20 cm) used in the experiment. 
Soil texture Sand Silt Clay WDC1 FI2 DI3 BD4 PD5 TP6 K0

7 

 _______________g kg-1_______________ _____%____ _ g cm-3_ % cm h-1 
Sandy loam 546.8 220.0 233.2 169.6 27.27 72.73 1.34 2.50 46 3.89 

Silty clay loam 191.6 420.0 388.4 289.6 25.44 74.56 1.21 2.70 55 0.33 
1WDC: Water Dispersible Clay; 2FI: Flocculation Index; 3DI: Dispersion Index; 4BD: Bulk Density; 5PD: Particle Density; 6TP: Total Porosity; 7K0: Saturated Hydraulic 
Conductivity. 

 
 

                  Table 2. Chemical attributes of the two Fluvisols (0-20 cm) used in the experiment. 

Attribute 
Soil texture 

Sandy loam Silty clay loam 

Exchangeable complex   
pH (1:2.5 – soil:water) 7.3 7.1 
Ca2+ (cmolc dm-3) 7.43 8.54 
Mg2+ (cmolc dm-3) 2.17 3.23 
Na+ (cmolc dm-3) 0.07 0.30 
K+ (cmolc dm-3) 0.57 0.49 
CEC1 (cmolc dm-3) 11.63 15.86 
ESP2 (%) 0.60 1.89 
P Bray – 1

3 (mg dm-3) 43.75 23.66 
Soluble complex   
pH 8.3 7.4 
EC4 (dS m-1) 0.86 0.85 
Ca2+ (mmolc L-1) 3.73 5.12 
Mg2+ (mmolc L-1) 2.89 3.70 
Na+ (mmolc L-1) 1.97 2.46 
K+ (mmolc L-1) 1.42 0.61 
Cl- (mmolc L-1) 3.00 3.00 
HCO3

- (mmolc L-1) 2.16 1.76 
CO3

2- (mmolc L-1) 1.20 0.00 
SAR5 (mmolc L-1)0,5 1.08 1.17 

1CEC: Cation Exchange Capacity; 2ESP: Exchangeable Sodium Percentage; 3P Bray – 1: Phosphorous extracted by Bray-1; 4EC: Electrical Conductivity; 5SAR: Sodium 
Adsorption Ratio. 

 

Table 3. Production of plant fresh matter (PFM), leaf fresh matter (LFM), bulb fresh matter (BFM), root fresh matter (RFM), plant 
dry matter (PDM), leaf dry matter (LDM), bulb dry matter (BDM), root dry matter (RDM), number of leaves (NL), leaf height (LH) 
and mean bulb diameter (MBD) at ninety days after transplanting, in terms of the electrical conductivity (EC) of the irrigation water. 

Characteristic evaluated 
CE (µS cm-1) 

CV (%) 
200 700 2.000 

PFM (g) 61.43 A 52.70 B 31.76 C 21.14 
LFM (g) 31.57 A 27.72 B 18.04 C 34.03 
BFM (g) 28.33 A 23.08 B 12.99 C 35.78 
RFM (g) 1.52 A 1.90 A 0.74 B 190.94 
PDM (g) 6.21 A 5.20 B 3.82 C 43.68 
LDM (g) 2.80 A 2.35 A 2.20 A 86.22 
BDM (g) 3.22 A 2.74 B 1.54 C 35.39 
RDM (g) 0.18 A 0.14 B 0.09 C 72.77 
NL 7.83 A 6.96 B 5.87 C 21.39 
LH (cm) 54.10 A 50.12 B 45.28 C 10.49 
MBD (mm) 35.84 A 32.92 B 25.86 C 17.40 

             *Means followed by the same letter in the line differ significantly by the Scott Knott test at the level of 5% probability.  

 
 

Table 4. Content levels of calcium, magnesium, sodium, potassium and chlorine in the dry matter of roots, bulbs and leaves of the 
onion plants in terms of electrical conductivity (EC) of the irrigation water. 

EC 
(µS cm-1) 

Ca Mg Na K Cl 
_____________________________________ (g kg-1) ___________________________________ 

Root 
200 6.99 C 3.45 B 21.59 C 30.97 A 10.10 C 
700 8.86 B 3.77 B 25.34 B 30.63 A 13.05 B 
2.000 10.88 A 4.31 A 28.98 A 28.11 A 15.07 A 
CV (%) 34.48 25.67 26.23 23.07 32.97 
Bulb 
200 5.53 C 1.66 A 1.01 C 15.58 A 1.85 C 
700 8.44 B 1.27 A 1.80 B 12.00 A 3.35 B 
2.000 11.02 A 1.58 A 3.92 A 11.82 A 5.21 A 
CV (%) 45.30 66.60 56.08 70.12 38.32 
Leaf 
200 8.88 B 2.43 A 5.30 C 25.38 A 5.71 C 
700 8.72 B 2.28 A 10.03 B 21.23 B 9.09 B 
2.000 10.66 A 2.39 A 18.78 A 23.06 B 14.41 A 
CV (%) 20.31 17.64 34.27 21.80 15.63 

            *Means followed by the same letter in the column within each plant component differ significantly by the Scott Knott test at the level of 5% probability. 
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Mg are found in the bulb, disagreeing with the results 
obtained in this work. 
There was a reduction in K content level in onion bulb dry 
matter, with levels reduced by half with EC of irrigation 

water increasing from 200 to 2,000 S cm-1. The 
disproportionate presence of Na+ in both cellular and 
extracellular compartments negatively impacts the 
acquisition of essential nutrients such as K+ (Maathuis, 
2006). The Mg levels were also reduced increasing EC of the 
irrigation water, although in lesser proportions than that 
found for K (Table 4). On the other hand, an increase in the 
Ca, Cl and Na content levels was observed in the onion bulb 
dry matter, possibly through the supply of these elements in 
the irrigation waters that were prepared with NaCl and CaCl2 
salts. This indicates the risk of the use of saline waters for 
the nutritional balance of onions and, consequently, for 
their productivity, measured by the evaluated growth 
variables (Table 3). 
In leaf dry matter, only the Mg content levels were 
unchanged with increasing irrigation water salinity, while 
the Ca, Na and Cl content levels rose probably due to the 
presence of these elements in the salts with which the 
waters were prepared. K levels in the onion leaf dry matter 
declined with increasing irrigation water salinity, as occurred 
with the levels found in the dry matter of the bulbs. Greater 
content levels of the elements were detected in the dry 
matter of the leaves than in the bulbs, indicating the 
retention of greater concentrations of these elements in the 
leaves of plants submitted to saline stress, with the 
exception of Ca, in which the content levels found in the 
bulbs were similar to those detected in the leaves. Similar 
results were obtained by Lima et al. (2006). 
In the dry matter of the leaves of the plants irrigated with 

the least saline irrigation water (EC of 200 S cm-1), the 

levels of the examined elements followed the order: K  Ca 

 Cl  Na  Mg, in which K represented 53.21%; Ca 18.62%; 
Cl 11.97%; Na 11.11%; and Mg 5.09%. These results also 
corroborate with those obtained by Vidigal et al. (2010). 
Even with this lower saline concentration, the predominance 
of Na over Mg was observed in the onion leaves, which did 
not occur with the bulbs. 
Na concentration was found to be greater than Ca, Mg and 
Cl in the leaves of the plants irrigated with the waters of EC 

700 and 2,000 S cm-1, with the following order of the 

content levels of the elements: K  Na  Cl  Ca  Mg. 
Proportionally, in the leaves of the plants irrigated with 

irrigation waters of EC 700 S cm-1, K represented 41.34%; 
Na 19.53%; Cl 17.71%; Ca 16.98%; and Mg 4.44%. Marcussi 
et al. (2004) also found similar levels working with nitrogen 
and potassium fertigation in onion crops. Thus, increases in 
the content levels of Na and Cl were observed, as well as 
reductions in the content levels of K, Ca and Mg in relation 
to the content levels of these same elements in the leaves of 

the plants irrigated with the water with EC of 200 S cm-1. 
These results were further impacted by raising the salinity of 

the waters to the EC of 2,000 S cm-1, in which the K level 
corresponded to 33.28% of the leaf dry matter; that of Na to 
27.1%; that of Cl to 20.79%; that of Ca to 10.66%; and that of 
Mg to 3.45%.  
Greater reductions in the levels of K, Ca and Mg as well as 
increases in Na and Cl content levels were all observed, as 
had been detected in the leaves of the plants irrigated with 

waters of intermediate salinity (700 S cm-1). According to 
Fernandes et al. (2002), in the presence of an elevated 
external concentration of Na, absorption of K and Ca may be 
inhibited by competition with Na, causing a deficiency of 
these nutrients and an increase in the content level of Na in 
the plant cells. Caldwell et al. (1994) defined ranges of 
adequate nutrient content levels in leaves for the onion crop 
where, for Ca, Mg and K, these content levels should vary 
between 9 and 35 g kg-1, 1.8 and 5.0 g kg-1 and 20 and 50 g 
kg-1 respectively. Despite the elevated contents of Na 
observed in the plant leaves in the present study, only Ca did 
not fit within these limits for plants irrigated with less saline 

waters (200 and 700 S cm-1) (Table 4). This may be 
explained by the high level of Ca, Mg and K in the soils (Table 
2), which were capable of meeting the needs of the plant for 
these nutrients. However, elevated concentrations of 
sodium may limit plant growth (Table 3). 
In the roots, the levels of Na, Ca and Cl also increased with 
increasing irrigation water salinity, similar to that which 
occurred in the bulb and the leaves (Table 4). In regard to 
Mg, the content levels increased only in the roots of the 
plants irrigated with the water of greatest salinity, which 
was not observed for either the bulbs or leaves; and the K 
content levels were not statistically different among the 
roots of the plants irrigated with the waters of different 
values of EC.  
In the root dry matter of the plants irrigated with the waters 

of EC of 200 and 700 S cm-1, the content levels of the 

elements were found in the following decreasing order: K  

Na  Cl  Ca  Mg, with K representing 42.37%, Na 29.53%, 
Cl 13.82%, Ca 9.56% and Mg 4.72%, in the roots of the plants 

irrigated with the water of EC 200 S cm-1. In the roots of 

the plants irrigated with the waters of EC of 700 S cm-1, the 
K levels corresponded to 37.51%, Na 31.04%, Cl 15.98%, Ca 
10.85% and Mg 4.62%. In the roots of the plants submitted 

to irrigation with waters of EC of 2,000 S cm-1, the content 

levels of the elements were found in the sequence: Na  K  

Cl  Ca  Mg, in which Na corresponded to 33.18%, K 
32.18%, Cl 17.25%, Ca 12.46% and Mg 4.93%. Thus, 
increasing the salinity of the irrigation water to this level 
caused the Na content level to surpass that of K in the onion 
plant roots, rising above all the rest.  
Considering analysis of the entire plant, greater levels of the 
elements were observed in the root dry matter, followed by 
the leaves and bulb, regardless of the salinity of the water 
applied (Table 4). In general, K was the element found in 
greatest concentration in the plant components evaluated, 
except in some cases with irrigation water with elevated EC, 
in which Na presented at a higher level. High levels of Cl 
were also detected. These high levels of Na and Cl are 
probably due to the composition of the irrigation water, 
which was synthesized from the salts NaCl and CaCl2, 
simulating the waters used for irrigation in the Cachoeira II 
Irrigated Perimeter (Fernandes, 2009). 
Zink (1962) observed accumulations of nutrients in onion 
plants following a decreasing order: K > N > Ca > P > Na > 
Mg. In the present study, in spite of N not having been 
evaluated, we observed that K was the predominant 
element in the dry matter of the onion plants, regardless of 
the EC of the irrigation water. Similar data was found by 
Porto et al. (2007), who detected K as the nutrient 
accumulated in greatest quantity by onions. According to 
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Taiz and Zeiger (2004), K performs a vital function in the 
regulation of the osmotic potential of the plant cells and in 
the opening and closing of the plant stomata, making it a 
fundamental element for the plant’s capacity to withstand 
environments under water and saline stress. 
 
Materials and methods 
 
Plant materials 
 
Onion seedlings of the Vale Ouro IPA 11 cultivar were sown 
into trays with commercial substrate and transplanted to the 
pots after 30 days. At the time of transplanting, fertilization 
was carried out across all the treatments, in order to meet 
the needs of the crop, according to the chemical analyzes of 
the soils and the nutritional requirements of the onion, 
following the guidelines provided in the Recommendation 
Bulletin of Corrective and Fertilizers of the State of 
Pernambuco (IPA, 2008). Phosphate fertilization was carried 
out at a depth of 10 cm, utilizing triple superphosphate (45 
kg ha-1 of P2O5) as the source of P, potassium sulphate (45 kg 
ha-1 K2O) as potassium source, and nitrogen in the form of 
urea (45 kg ha-1 of N), with values adjusted for the soil 
volumes of the vessels. Micronutrients were supplied by the 
"Fertilizer Base" leaf fertilizer, by foliar spray recommended 
for onion cultivation, at a ratio of 200 mL of the product to 
100 L of water. Irrigation with the respective saline waters 
was initiated at seedling planting. 
 
Description of the experimental area 
 
Two soils were collected from the superficial layer (0-20 cm) 
in the Irrigated Perimeter Cachoeira II, Serra Talhada-PE, 
located in the semiarid region of Brazil. Two non-saline and 
non-sodic Fluvisols were selected due their being 
representative of the Irrigated Perimeter. One soil was of 
the textural class sandy loam while the other was silty clay 
loam. The soils were air-dried, sutured and sieved in a 2 mm 
mesh for physical and chemical characterization analyzes 
(Tables 1 and 2); and then in 4 mm mesh for the assembly of 
the experiment. 
 
Experimental design and description of treatments  
 
The experiment was conducted in a greenhouse at the 
Agronomy Department of the Federal Rural University of 
Pernambuco, Brazil. Two types of soils were irrigated with 
water at three values of electrical conductivity (EC) and six 
levels of sodium adsorption ratio (SAR), combined as salinity 
treatments. Thus, the experiment consisted of a complete 
factorial arrangement 2 x 3 x 6 (two soils, three EC levels and 
six SAR levels), in four replicates, for a total of 144 
experimental units. The experimental design consisted of 
randomized blocks, with one replicate per block. 
Irrigation waters with different salinities were prepared in 
the laboratory to represent the mean salinity of the water 
found in sources used within the irrigated perimeter, 
according to Fernandes et al. (2009), with electrical 
conductivities of irrigation water (EC) of 200, 700 and 2,000 
μS cm-1 and SAR of 0, 5, 10, 15, 20 and 25 (mmolc L-1)0.5, 
totaling 18 types of water. These irrigation waters were 
elaborated from the salts NaCl and CaCl2.2H2O. 

The soils were homogenized and packed in polyethylene 
pots with 6.5 kg of soil each, which were then saturated with 
their respective salt water. Irrigation was performed with a 
water blade greater than the soil retention capacity, 
providing leaching, which was performed manually on 
alternating days. 
 
Plant measurements 
 
At 90 days after transplanting, plants were collected and 
measurements taken for both bulb diameter and leaf height. 
The total number of leaves was counted and measurements 
were taken for fresh mass of whole plants, leaves, roots and 
bulb. Then, collected samples were packed in paper bags 
and transported for drying in a forced air circulation 
laboratory oven at 65oC until reaching constant weight, 
measurements were taken for dry matter weight and then 
the material was chopped and subjected to nitro-perchloric 
extraction in order to determine the Ca, Mg, K, Na levels 
(Malavolta et al., 1989) in the roots, bulb and leaves. Finally, 
Cl was extracted with water (Malavolta et al., 1989).  
 
Statistical analysis 
 
Data were submitted to analysis of variance and Scott 
Knott's mean test at the 5% probability level, for comparison 
of means of the different EC treatments.  
 
Conclusion 
 
Increasing irrigation water salinity promoted a reduction in 
the growth variables of the onion cultivar evaluated, 
indicating that saline waters limit the productivity of this 
crop. Reductions in the total number and height of the 
leaves of the plants submitted to irrigation with waters of 
elevated electrical conductivity promoted a reduction in 
onion bulb growth which, at the most elevated level, had a 
mean diameter lower to that which is commercially 
acceptable. In addition to the reduction in the plant growth 
variables, increases in Ca, Na and Cl levels as well as a 
reduction of K in the dry matter of the onion plants was 
observed with increasing irrigation water salinity; however, 
the Mg content level unaffected. Despite the content levels 
of the Ca, Mg and K nutrients in the leaves being adequate, 
Na was predominant in the plants irrigated with the waters 
of greater salinity, which may have promoted the observed 
growth decreases. The sodium adsorption ratio of the 
irrigation waters did not have a significant influence on 
onion growth variables or on the levels of the evaluated 
elements in the dry matter of the plants, leading to the 
conclusion that the most expressive negative effects of the 
salts are more related to the saline concentrations than to 
the types of salts dominant in the waters. Regardless of the 
salinity of the irrigation water, the part of the onion plant 
with the greatest element concentrations were the roots, 
with higher content levels of Ca, Mg, K, Na and Cl than found 
in either the bulbs or leaves. As the salinity of the irrigation 
water was the main factor affecting onion growth, an EC of 
200 µS cm-1 is the limit to promote the best onion growth 
cultivated in both sandy and silt clay soils. 
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