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1. Introduction

Fresh water resources of the world are declining 
because of natural and human activities. As a 

consequence, humans have to work on non-formal 
water supplies to meet its personal, agricultural and 
industrial uses (Qadir et al., 2007). Considerable 
evidence exists which describes that the farmers 
use saline groundwater and/or wastewater for crop 
cultivation in developing countries including Pakistan 
(Ghafoor et al., 1994; Kahlown and Azam, 2003; 
Bhatti et al., 2018). Saline water irrigation could have 

negative impacts on crops (reduction in growth and 
yield; Jamil et al., 2006; Sarker et al., 2014) and soils 
(increase in salts build up; Sharma et al., 1991; Ragab 
et al., 2008). However, extensive research indicates 
that the hostility of saltwater may be reduced with 
improved farming and proper management practices 
(Francois et al., 1994; Oron et al., 2002; Kahlown 
et al., 2003; Qadir and Oster, 2004; Bhatti et al., 
2015). For efficient utilization of saline water, one 
choice includes the use of salt-tolerant crop species 
and cultivars and to irrigate them according to their 
tolerance level. Crop species and cultivars behave 
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differently when they are exposed to salts (Hamdy 
et al., 1993; De Pascale and Barbieri, 1995; Minhas, 
1996). 

Little effort has been made where the impact of 
saline water on spinach crop (Spinacia oleracea L.) and 
potential salt-tolerant spinach cultivars are identified 
(Turhan et al., 2011, 2013). Spinach is an important 
Rabi vegetable crop which is rich in beta carotene, 
vitamin A, C, E, and K, calcium, magnesium, 
potassium, phosphorus, iron, sulphur, sodium, folic-
and oxalic acid, proteins, and secondary metabolites, 
e.g., 20-Hydroxyecdysone, which has antioxidant 
and tonic features (Dawn, 2006; Ferreira et al., 2018; 
Muchate et al., 2019). This crop is also preferred by 
farmers because of its high biomass in few months’ 
time (Maftoun et al., 2005). However, research 
conducted for spinach indicates the contrasting results 
when the crop is cultivated in saline environment. 
The undesirable effects of salts on growth and yield 
parameters, physiological parameters, and imbalance 
of nutrients (mainly K+, Na+ and Cl-) in spinach 
tissues was witnessed in many studies (Robinson et 
al. 1983; Turhan et al., 2011; Turhan et al., 2013; Xu 
and Mou, 2016). In a study, Keshavarzi et al. (2011) 
found spinach plants sensitive to salinity and advised 
that the crop should not be cultivated in saline soils. 
In contrast, recent studies report no significant loss 
in spinach yield and nutritional value with saline 
water levels up to 9 dS m-1 (Ors and Suarez, 2016; 
Ferreira et al., 2018). In another study, spinach yield 
was increased at EC levels of 4 and 7 dS m-1 and 
subsequently declined at EC 9.0 dS m-1 and above 
(Ors and Suarez, 2017). In a recent study, Ferreira et 
al. (2020) suggested the threshold level for spinach 
between 7 to 10 dS m-1 for water salinity, and from 5.6 
to 8.9 dS m-1 for soil salinity. The difference in spinach 
behavior to salinity in these studies may be attributed 
to many factors including variable saltwater levels, 
soil EC values, growth media (laboratory, greenhouse, 
and nutrient culture), crop cultivars, harvesting time, 
climate, and soil physico-chemical characteristics. 
It becomes important in this scenario to conduct 
specific trials in the local conditions to provide a clear 
guideline to the poor farming community. Therefore, 
this study was carried out to determine the effect 
of saline irrigation water on growth, yield and ions 
content of existing spinach cultivars in Pakistan. To 
our knowledge, only one study is reported in Pakistan, 
whereby an effort was made to alleviate the effects of 
soil salinity in spinach by co-application of K fertilizer 

doses with PGPR species (Zafar-ul-Hye et al., 2020). 
The findings of current research will be helpful: (i) to 
describe the level of saline water that can be used to 
attain acceptable spinach yield, and (ii) to highlight 
the spinach cultivar that is tolerant to salinity.

2. Materials and Methods

A greenhouse experiment was executed with two 
spinach (Spinacia oleracea L.) genotypes (English 
spinach and Sindhi spinach, locally called) at the 
Department of Soil Science, Sindh Agriculture 
University Tandojam Pakistan. Arable soil (plough 
layer) from an agricultural farm at Nasarpur Tando 
Allahyar Pakistan was collected, air dried, sieved and 
placed in 5 kg plastic pots (length 24 cm, diameter 
20.5 cm) with holes in the bottom. The pots were 
organized on a wooden bench in CRD (complete 
randomized design) with three replications of each 
treatment.

Five seeds of each spinach genotype were placed in 
pots at 4 cm distance. After emergence, one healthy 
plant was allowed to grow till maturity (Figure 1). 
The N, P2O5, K2O fertilizers were added to each 
pot at recommended rates of 75, 75 and 50 kg ha-1 
respectively (Baloch, 2013). The saline waters of 
desired concentrations (2, 4, 6, and 8 dS m-1) were 
prepared by dissolving the calculated amount of 
NaCl salt (analytical grade) in the distilled water. 
Canal water having an EC of 0.3 dS m-1 was used as 
Control treatment. Canal water and/or saline waters 
were applied to each pot at 80% field capacity (FC) 
of the soil (Figure 2). At harvest, the agronomical 
parameters recorded for each spinach genotypes were: 
numbers of leaves per plant (only fully matured), and 
fresh and dry weight of leaves per plant. 

2.1 Analysis of plant samples for K+, Na+ and Cl-

When the spinach plants attained marketable size, 
the plants were harvested. Plants of each genotype 
from an individual pot were collected by cutting at 
the soil surface with sharp scissors (Figure 3). These 
plant samples were washed with running tap water, 
and distilled water. Plant samples were weighed for 
their fresh weight using digital weight balance. The 
samples were oven-dried at 70 °C for 48 hours, and 
were measured for their dry weight for leaves. Oven 
dried spinach leaves were ground using Blender and 
Grinder Machine (Anex Germany Products). The 
concentration of K+ and Na+ in plant tissues was 
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determined by wet digestion method as outlined 
by Estefan et al. (2013). In brief, 0.5 g ground plant 
material was digested with 10 ml of di-acids (HNO3-
HClO4, 2:1) using hotplate until the white fumes 
appeared. The samples were allowed to cool and were 
diluted with 50 ml of distilled water. The concentration 
of K+ and Na+ was determined by Flame photometer. 
The concentration of chloride in plant tissues was 
determined by the procedure given by Ghosh and 
Drew (1991). In brief, 0.5 g plant samples were added 
with 10 ml distilled water and added with 0.1 ml of 
1% Tween 20. The samples were digested on hot plate 
and filtered. For titration, 5 ml of filtrate was added 
with 5-6 drops of phenolphthalein indicator. The 
samples were titrated against 0.01N AgNO3 till the 
color shifted to reddish brown. 

2.2 Soil collection, processing, and analysis
Soil samples were collected two times, before sowing 
of spinach plants and after their harvest. The samples 
were air dried in shade, crushed, passed through 2 mm 
stainless steel sieve and stored. Soil samples collected 
before sowing of spinach plants were analyzed for 
various physical and chemical parameters (texture, 
EC, pH, organic matter content, and K+, Na+ and Cl- 
contents). The texture of soil samples was performed 
by Hydrometer method (Bouyoucos, 1962). The EC 
and pH were recorded in 1:2.5 soil water extracts, 
using digital pH and EC meters. Soil organic matter 
content was determined as proposed by Walkley and 
Black (1934). For extractable potassium and sodium 
determination, the Ammonium acetate method, 
outlined by Estefan et al. (2013), was adopted. Soluble 
chloride concentration in soil samples was determined 
by Mohr’s titration method (Estefan et al., 2013). 

After spinach harvest, the soil samples were collected 
from each pot of spinach genotypes at 0-15 cm depth 
by stainless steel auger (length: 1 feet and diameter: 
3 cm). The samples were processed and analyzed for 
the EC, K+, Na+ and Cl- ions by the methods outlined 
above.
 
3. Results and Discussion

3.1 Physico-chemical characteristics of soil before sowing
It was found that the experimental soil was clay loam, 
slightly alkaline in reaction (7.50±0.04), non-saline 
(0.74±0.04 dS m-1), low in organic matter content 
(0.53 ± 0.03%) and high in extractable K+ content 
(267±33 mg kg-1). The extractable Na+ content in soil 

was 200±58 mg kg-1 and soluble Cl- was 0.03±0.002%.
The results of plant parameters are described by 
considering the effect of saline waters on an individual 
genotype. After wards, both genotypes are compared 
to find out their response as a function of saline waters.

3.2 Effect of saline waters on plant growth and yield 
parameters in spinach genotypes
A constant decrease in number of leaves plant-1, and 
fresh and dry weight of spinach plants was observed 
with an increase in EC levels of water in both spinach 
genotypes (P < 0.05; Table 1). With respect to control, 
the decrease for these parameters ranged from 8 to 
59% in salt treatments. A significant decrease in these 
parameters was observed when spinach plants were 
irrigated with saltwater of 8.0 dS m-1 than the plants 
that received canal water and saltwater of 2.0 dS m-1. 
For both spinach genotypes, the plants irrigated with 
EC 6.0 and 8.0 had >30% reduction in number of 
leaves, and fresh and dry weight of plants than the 
plants that were irrigated with canal water. 

Spinach genotypes varied significantly only for fresh 
weight (P < 0.05) with respect to saline waters. The 
plants of English spinach had significantly more fresh 
weight (20.86 ± 0.50 grams) than the plants of Sindhi 
spinach (18.82 ± 0.27 grams).

3.3 Effect of saline waters on Na+, K+ and Cl- concentra-
tions in spinach leaves
There was a significant enhancement in Na+ and Cl- 
concentration while a non-significant decline in K+ 
concentration in spinach leaves with saline water 
applications (Table 2). The effect of salt-water having 
EC 6.0 and 8.0 dS m-1 was more profound whereby 
a significantly high Na+ and Cl- concentration in 
spinach leaves of both genotypes was noticed than 
the plants that received salt-water of 0.3 and 2.0 dS 
m-1. In both spinach genotypes, the plants that were 
watered with 2.0 to 8.0 dS m-1 had 1.4 to 3.4 times 
greater Na+ concentration, and 1.1 to 2.7 times more 
Cl- concentration in leaves than the plants that were 
irrigated with canal water. In case of K, there was 2.4 
to 21% decrease in K+ concentration in spinach leaves 
of both genotypes with respect to control treatment. 

There was a noteworthy variation between Sindhi and 
English spinach for Na+, Cl- and K+ concentrations in 
their leaves (P < 0.05). The plants of English spinach 
accumulated significantly more Na+ (2.11 ± 0.16%) 
and Cl- (1.08 ± 0.01%) in their leaves than the plants 
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of Sindhi spinach (Na+: 1.43 ± 0.18%, and Cl-: 0.92 
± 0.03%). In case of K, the plants of Sindhi spinach 
contained significantly more K+ (4.58 ± 0.13%) in 
their leaves than the plants of English spinach (3.94 
± 0.21%).

3.4 Effect of saline waters on selected soil properties (EC, 
Na+, K+ and Cl- concentrations) after harvest of spinach 
plants
The EC, Na+ and Cl- concentrations were increased 
while the K+ concentration in soil was decreased with 
each unit increase in EC of irrigation water (Table 3). 
The maximum increase in EC, Na+ and Cl- values was 
witnessed where 8.0 dS m-1 was used (the increase 
was 2 to 3 times over control treatment). Similarly, 
the minimum values of K+ were noted in the pots 
which were irrigated with EC of 8.0 dS m-1. 

There was a notable difference in EC and Cl- build 
up in pots where spinach genotypes were grown. 
The pots where Sindhi spinach was grown had 
significantly higher EC (2.48±0.01dS m-1) and 
soluble Cl- (0.06±0.00%) values in soil than the pots 
where English spinach was grown (EC: 1.27±0.07 dS 
m-1; Cl: 0.05±0.00%).

3.5 Effect of saline waters on growth and yield parameters 
in spinach genotype
The selected growth and yield parameters of spinach 
plants were decreased with increasing EC levels 
of saline water. The decline in growth and yield 
parameters in spinach genotypes may be attributed to 
many factors including (i) lowering of water potential 
by the salts (Flowers and Flowers, 2005), (ii) greater 
uptake of Na+ and Cl- ions in plant leaves (Table 2), 
which eventually injure plant cells (Munns et al., 
2006), (iii) imbalance in essential nutrients (e.g. K, 
P, Ca and NO3

-) availability, uptake, transport, and 
partitioning in plants (Grattan and Grieve, 1999; 
Flowers and Flowers, 2005), and (iv) higher synthesis 
of stress ethylene (Zafar-ul-Hye et al., 2020). 
Negative impacts of salinity on spinach growth, yield 
and physiological attributes have been documented 
previously (Robinson et al., 1983; Turhan et al., 2013; 
Xu and Mou, 2016). In a greenhouse study on spinach 
(cv. Space), irrigated by a range of saline waters, the 
fresh and dry weights were decreased with increasing 
the salinity levels of saline waters (Suleiman et al., 
2002). Ors and Suarez (2016) studied spinach (cv. 
Racoon) response under saline water treatments 
and reported that higher salinity decreased all gas 

exchange, and vegetative and yield parameters (shoot 
height, leaf area, and dry weight).

In our research study, EC 6.0 and 8.0 dS m-1 had 
the most adverse effect whereby greater than 25% 
reduction in growth and yield parameters was observed 
for spinach genotypes. This indicates that the selected 
spinach genotypes should not be grown with these 
saline water levels. The other researchers observed 
different results for unacceptable levels of saline water. 
For example, Sarker et al. (2014) noticed that at EC 
8.0 and 16.0 dS m-1 more loss in germination and 
developmental traits of tested vegetable crops (radish, 
cabbage, mustard, and water spinach) was observed. 
In another study, Ors and Suarez (2016) conducted 
three set of trials on spinach with different EC levels 
of saline waters. It was reported that there was no 
significant loss in spinach yield for salt-water levels 
of 9 dS m-1, but EC 12.0 and 15.0 dS m-1 decreased 
all gas exchange (photosynthesis, transpiration rate, 
stomatal conductance, and chlorophyll content), 
vegetative and yield parameters (shoot height, leaf area, 
and dry weight) of spinach. The impact of 300 mM was 
overwhelming on growth and water content in spinach 
than 100 and 200 mM NaCl (Muchate et al., 2019). 

In our study, English spinach performed significantly 
well for yield (fresh weight) under saline water 
treatments when compared with Sindhi spinach. 
This difference in yield may be attributed to genetical 
variance. Difference in growth and yield parameters 
for various crops with spinach and among spinach 
genotypes in saline treatments has also been observed 
by other researchers (Speer and Kaiser, 1991; Yousif 
et al., 2010). In a study, Turhan et al. (2011) examined 
the effect of different NaCl concentrations (0 to 
200 mM) on seeds of four spinach cultivars. The 
green gold cultivar performed best for most of the 
defined parameters in exposed salt levels. In a recent 
study, spinach cultivar Raccoon performed better in 
shoot biomass than cultivar Gazelle at higher NaCl 
concentrations (Ferreira et al., 2020).

3.6 Effect of saline waters on ions (Na+, K+ and Cl-) 
concentration in spinach genotypes
The Na+ and Cl- concentration in spinach leaves was 
greatly increased while the K+ concentration was non-
significantly decreased with increasing saline water 
treatments. The possible reason of high concentration 
of Na+ and Cl- in spinach leaves was because of 
applications of NaCl enriched water in soil. The reason 
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for decreased K+ concentration in spinach leaves is 
the presence of Na+ ions which are active competitors 
of K+ in plant uptake mechanism (Grattan and 
Grieve, 1999). Nonetheless, recent study indicates 
that spinach plants favor K+ accumulation over Na+, 
regardless of salinity levels of water (Ferreira et al., 
2020). A non-significant effect of saline waters for K 

accumulation in spinach leaves in our study validates 
the findings of Ferreira et al. (2020). A rise in Na+ 
and Cl- concentrations and drop in K+ concentration 
in spinach leaves is documented in salinity trials 
(Suleiman et al., 2002; Shimomachi et al., 2008; 
Turhan et al., 2013; Muchate et al., 2019).

Table 1: Effect of saline waters on the growth and yield parameters of spinach genotypes.
Saline water
(EC levels)

Number of leaves plant-1 Fresh weight plant-1 (g) Dry weight plant-1 (g)
Sindhi English Sindhi English Sindhi English

0.3† 12.67 ± 0.88 a 13.00 ± 1.00 a 26.01 ± 0.61a 27.22 ± 1.12 a 4.37 ± 0.60 a 3.69 ± 0.38 a

2.0 11.00 ± 0.58 ab 11.33 ± 0.88 ab 22.30 ± 1.31ab 23.76 ± 1.15 ab 3.53 ± 0.38 ab 3.38 ± 0.28 a

4.0 9.17 ± 0.44 b 9.33 ± 0.17 bc 19.94 ± 1.17 b 19.97 ± 1.20 bc 3.14 ± 0.03 ab 2.68 ± 0.28 ab

6.0 8.17 ± 0.60 bc 8.83 ± 0.88 bc 15.08 ± 1.12 c 18.23 ± 1.56 bc 2.93 ± 0.30 ab 2.52 ± 0.08 ab

8.0 5.17 ± 0.67 c 7.33 ± 0.60 c 10.76 ± 0.79 c 15.14 ± 1.08 c 1.96 ± 0.50 b 1.95 ± 0.13 b

Mean of genotypes 9.23 ± 0.39 9.97 ± 0.45 18.82 ± 0.27 B 20.86 ± 0.50 A 3.19 ± 0.27 2.84 ± 0.17
† EC of canal water; Each value is a mean ± SE (n = 3); Means followed by different small letters in a column are significantly 
different from each other (P < 0.05) as a function of saline waters; Means followed by different capital letters down a row show 
significant difference between spinach genotypes (P < 0.05).

Table 2: Effect of saline waters on ions concentration (Na+, K+ and Cl-) in spinach genotypes.
Saline water
(EC levels)

Na+ concentration (%) K+ concentration (%) Cl- concentration (%) 
Sindhi English Sindhi English Sindhi English

0.3† 0.67 ± 0.07 c 1.20 ± 0.12 d 5.07 ± 0.27 4.17 ± 0.46 0.53 ± 0.08 d 0.87 ± 0.02 d

2.0 0.93 ± 0.07 bc 1.80 ± 0.00 c 4.77 ± 0.19 4.07 ± 0.73 0.78 ± 0.01 c 0.96 ± 0.05 cd

4.0 1.13 ± 0.07 b 2.20 ± 0.12 bc 4.67 ± 0.15 3.83 ± 0.42 0.89 ± 0.01 bc 1.10 ± 0.03 bc

6.0 2.13 ± 0.07 a 2.40 ± 0.12 ab 4.40 ± 0.35 3.87 ± 0.13 0.97 ± 0.02 b 1.18 ± 0.03 ab

8.0 2.27 ± 0.13 a 2.93 ± 0.18 a 4.00 ± 0.21 3.77 ± 0.78 1.41 ± 0.01 a 1.31 ± 0.04 a

Mean of genotypes 1.43 ± 0.18 B 2.11 ± 0.16 A 4.58 ± 0.13 A 3.94 ± 0.21 B 0.92 ± 0.03 B 1.08 ± 0.01 A

† EC of canal water; Each value is a mean ± SE (n = 3); Means followed by different small letters in a column are significantly 
different from each other (P < 0.05) as a function of saline waters; Means followed by different capital letters down a row show 
significant difference between spinach genotypes (P < 0.05).

Table 3: Effect of saline waters on EC and ions concentration (Na+, K+ and Cl-) in soil after spinach harvest.
Saline water
(EC levels)

EC (dS m-1) Extractable Na+ concentration (%)
Sindhi English Sindhi English

0.3† 1.13 ± 0.03 b 0.80 ± 0.15 b 0.25 ± 0.01 d 0.24 ± 0.02 d

2.0 2.30 ± 0.55 ab 0.93 ± 0.09 b 0.33 ± 0.01 c 0.32 ± 0.01 c

4.0 2.50 ± 0.42 ab 1.03 ± 0.23 b 0.37 ± 0.01 bc 0.37 ± 0.01 bc

6.0 2.83 ± 0.23 a 1.57 ± 0.07 ab 0.40 ± 0.01 b 0.41 ± 0.01 b

8.0 3.63 ± 0.12 a 2.03 ± 0.33 a 0.51 ± 0.02 a 0.53 ± 0.02 a

Mean of genotypes 2.48 ± 0.01 A 1.27 ± 0.07 B 0.37 ± 0.01 0.37 ± 0.01
Saline water (EC levels) Extractable K+ concentration (%) Soluble Cl- concentration (%)
0.3 0.63 ± 0.03 0.61 ± 0.02 a 0.03 ± 0.005 c 0.03 ± 0.002 e

2.0 0.57 ± 0.04 0.65 ± 0.03 a 0.05 ± 0.002 b 0.04 ± 0.001 d

4.0 0.54 ± 0.03 0.67 ± 0.03 a 0.06 ± 0.002 b 0.05 ± 0.000 c

6.0 0.56 ± 0.01 0.71 ± 0.04 a 0.07 ± 0.004 b 0.06 ± 0.000 b

8.0 0.63 ± 0.01 0.46 ± 0.04 b 0.10 ± 0.004 a 0.07 ± 0.000 a

Mean of genotypes 0.59 ± 0.01 0.62 ±0.01 0.06 ± 0.00 A 0.05 ± 0.00 B

† EC of canal water; Each value is a mean ± SE (n = 3); Means followed by different small letters in a column are significantly 
different from each other (P < 0.05) as a function of saline waters; Means followed by different capital letters down a row show 
significant difference between spinach genotypes (P < 0.05).
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In our research, the Na+ and Cl- concentration in 
leaves of spinach genotypes was greatly increased 
at EC 6 and 8 dS m-1. At these EC levels, the Na+ 
concentration in leaves ranged from 2.0 to 3.4 times 
and Cl- concentration ranged from 1.4 to 2.7 times 
superior than the control treatment. In a previous 
study, when five spinach cultivars were examined 
against four levels of NaCl (50, 100, 150 and 200 
mM), the Na+ and Cl- concentrations were massively 
increased and the K+ concentration was greatly 
decreased at 150 mM and 200 mM (Turhan et al., 
2013). 

Figure 1: Thinning of spinach plants.

Figure 2: Irrigation of spinach plants.

In current study, English spinach accumulated 
significantly more Na+ and Cl- and less K+ in its 
leaves than the Sindhi spinach. The possible reason 
for this difference may be because of different 
genetic makeup and mechanism for mineral uptake 
in selected genotypes in saline environments. This 
difference of ions concentration further indicates 

that English spinach is more tolerant, as it is not 
massively reducing its fresh weight yield (Table 1) 
despite having high values of Na+ and Cl- ions in its 
leaves. The other scientists obtained similar results 
of difference in ions concentration in selected plant 
species. Speer and Kaiser (1991) compared the ability 
of spinach (Spinacia oleracea L.) and peas (Pisum 
sativum) for extra and intracellular compartmentation 
in leaves under mild salinity conditions. They found 
that the Na+ and Cl- accumulation in leaflets of peas 
was superior in comparison to the leaflets of spinach. 
Yousif et al. (2010) investigated the disparity in the salt 
uptake mechanisms between New Zealand spinach 
and water spinach at NaCl waters and reported 
the high concentration of Na+ in the leaves of New 
Zealand spinach.

 

Figure 3: Harvest of spinach plants.

3.7 Effect of saline waters on soil parameters (EC, pH, 
Na+, K+ and Cl-) after harvest of spinach plants
In soil, the EC, Na+ and Cl- values were increased 
with rising salt-water levels, but K+ concentration in 
soil was decreased with an increase in EC levels of 
saline waters. The reason for increasing EC and ions 
(Na+ and Cl-) values in soil may be associated to the 
application of NaCl enriched saline water. Similar 
outcomes have been conveyed by other researchers. 
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Bhatti (2004) conducted a wire-house experiment on 
wheat under saline water levels and reported that EC, 
Na+ and Cl- values in soil were massively increased 
with increasing the saline water levels; however, the 
K+ concentrations in soil were decreased. Ragab et 
al. (2008) found similar results; the EC, Na+ and Cl- 
contents in soil were significantly increased while K+ 
and pH concentration were decreased in soil. Sharma 
et al. (1991) observed high values for EC, Na+ and Cl- 

in soil with saline water applications.

Conclusions and Recommendations

The growth and yield parameters (number of leaves, 
and fresh and dry weight) of spinach genotypes were 
significantly decreased with increasing the EC levels 
of saline water. The plants irrigated with EC 6.0 and 
8.0 dS m-1 had less fresh and dry weight of leaves. 
In spinach leaves, the Na+ and Cl- concentrations 
were greatly increased while the K+ concentration was 
decreased with increase in levels of NaCl salts. In both 
genotypes, English spinach produced greater fresh 
weight despite accumulating greater concentration of 
Na+ and Cl- ions in its leaves than the Sindhi spinach. 
In soil, with the application of saline water, the EC, 
Na+, and Cl- values were augmented while the K+ 
concentration was decreased as a function of saline 
waters. Hence we suggest that the spinach genotypes 
(English and Sindhi) may be irrigated with salt-water 
having EC levels up to 4 dS m-1 with an acceptable 
level of fresh weight reduction (≤ 27%). English 
spinach appears relatively more tolerant to selected 
saline water levels than Sindhi spinach.
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