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Effect of different concentrations of diluted seawater on yield and quality of lettuce
Ahmet Turhan1*, Hayrettin Kuscu1, Nese Ozmen2, Mehmet Sitki Serbeci, and Ali Osman Demir3

This study was carried out to investigate the effects of irrigating lettuce (Lactuca sativa L. cv. Funly) with different
concentrations of diluted seawater (0%, 2.5%, 5%, 10%, 15%, 20%) on the fresh yield, marketable yield and quality (DM,
total soluble solids, titratable acidity, total sugar, vitamin C, NO3-N, protein, and total oxalate content). The experiments
were conducted in a greenhouse in the autumn of 2012. The fresh yield, marketable yield, and DM of lettuce irrigated with
2.5% and 5% seawater were similar to those of control, but these parameters decreased in response to 10% seawater, and
the lowest values were obtained in response to 20% seawater. The 2.5% seawater treatment had no effect on the vitamin C
and NO3-N content, but both significantly decreased when lettuce was irrigated with seawater concentrations higher than
2.5%. Total soluble solids, total sugar, and protein content significantly increased in response to low salinity (2.5% and 5%)
but decreased in response to increasing seawater stress. The titratable acidity values remained unchanged under the various
saline conditions. Irrigation with diluted seawater did not affect the total oxalate content up to a concentration of 5%, but
increasing the concentration of seawater above 5% increased oxalate content. The results of this study demonstrated that
low concentrations of seawater are suitable for lettuce production and lettuce can be grown successfully using diluted
seawater at concentrations of 2.5% and 5%.
Key words: Lactuca sativa, lettuce plant, marketable yield, salinity, seawater stress, sugar.

INTRODUCTION
Soil salinity in arid and semi-arid regions is one of the
most important factors limiting agricultural production
(Neumann, 1995). Significant reductions in plant growth
occur due to salt stress, but these reductions vary according
to plant species. The salt tolerance of vegetable varieties
is important because monetary return is higher when
compared with other field crops (Shannon and Grieve,
1999). Fresh lettuce (Lactuca sativa L.) leaves are rich
in minerals. Lettuce is categorized as being moderately
salt tolerant. Salinity levels higher than 2.0 and 2.6 dS
m-1 reduce fresh yield and plant growth, respectively (De
Pascale and Barbieri, 1995).
Salinity does not always originate within the soil;
in some cases, it originates from irrigation water.
Agricultural production, especially in arid and semiarid regions where water requirements cannot be met by
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rainfall alone, commonly requires irrigation. Surface and
ground waters, which can be used for irrigation, contain
varying quantities of dissolved salts. In Mediterranean
environments, vegetable crops are often cultivated
near coastal areas where soil salinization often occurs
(Beltrao et al., 2000; Vallejo et al., 2003). The extensive
use of well water results in the intrusion of seawater,
and water becomes increasingly brackish (Miceli et al.,
2003). In many areas, the availability of high-quality
water is limited. The use of low-quality water results in
an increase in soil salinity (Incrocci et al., 2006), which
may have negative effects on growth and yield of crops
(Chartzoulakis and Klapaki, 2000).
The yield and quality of vegetable crops are adversely
affected by environmental factors such as drought and
high salinity in the root zone (Goyal et al., 2003). Plants
under salt stress conditions tend to decrease their water
uptake and change their nutrient absorption ratios (Miceli
et al., 2003; Tzortzakis, 2009). According to Al-Maskri et
al. (2010), salinity is one of the main factors limiting plant
growth and yield. In lettuce, salt stress negatively affects
plant growth and production of DM (EL-Abagy et al.,
2012). Increasing salt concentrations in irrigation water
may lead to a significant decrease in lettuce growth, yield,
marketable yields, weight and amount of DM (Miceli
et al., 2003; Mekki and Orabi, 2007; Al-Maskri et al.,
2010). However, the results of studies by Andriolo et al.
(2005) and Ünlükara et al. (2008) showed that plant DM
increased with increasing salinity. Salinity is also able
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to produce improvements in vegetable quality despite
lowering growth efficiency (Francois and Maas, 1994),
and improvements in quality are particularly important
for consumer satisfaction (Colla et al., 2006).
Nitrogen, one of many elements required by all
plants for growth, is used by plants in relatively large
quantities. Lettuce is one of many vegetables with leaves
that accumulate nitrate (Santamaria, 2006). Nitrogen
deficiency is a growth limiting factor for plants (Tuncay
et al., 2011). In cases of natural salinity, Na is often
accompanied by chloride, which competes with nitrate
(Kafkafi et al., 1982). However, high chloride content in
water may reduce the absorption of nitrates and reduce
their accumulation in leaves (Miceli et al., 2003). Oxalic
acid is synthesized in conjunction with the reduction of
nitrate, and it balances pH of plant cells (Raven, 1985).
Oxalic acid is synthesized by a wide range of plants
(Rahman and Kawamura, 2011). Masters et al. (2005)
reported that plants growing in (high) saline areas
accumulated secondary compounds (oxalate, tannins).
The oxalate content in halogeton (Halogeton glomeratus)
was greatly increased by adding NaCl to the nutrient
solution (Williams, 1960).
Freshwater resources available for agriculture have
been declining in quantity and quality. Therefore, the use
of lower quality water for irrigation purposes is inevitable
to maintain economically viable crops (Mekki and Orabi,
2007). In recent years, there has been increasing interest
among agricultural scientists and planners in the use of
seawater (at least diluted) for crop irrigation (Liu et al.,
2003). However, the effect of seawater on lettuce growth
has not been sufficiently researched. In this study, the
potential for using seawater for the cultivation of lettuce
was examined, and changes that may occur in yield and
quality of lettuce irrigated with different concentrations of
seawater were evaluated.
MATERIALS AND METHODS
The experiment was conducted in a greenhouse at the
University of Uludag (40°02´ N, 28°23´ E; 22 m a.s.l.),
Turkey, during the autumn of 2012. The plant analyses
were carried out in a laboratory at the TAT Canned
Company Inc., Bursa, Turkey.
Plant material, growth conditions, and salinity
treatments
Lactuca sativa L. cv. Funly was used as the plant material.
Seedlings were obtained from the Agromar Seedlings
Nursery (Karacabey, Bursa, Turkey). Seedlings were
transplanted in the beginning of October 2012 to plastic
pots. The plastic pots (40 cm depth and 30 cm diameter)
were filled with sandy loam soil (71% sand, 19% loam,
10% clay, 0.6% organic matter, and 0.09% total N, pH
7.1, electrical conductivity [EC] 0.4 dS m-1). Phosphorus
and K fertilizers were added to the soil prior to planting
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the seedlings, at a rate of 6.0 and 3.0 g per pot of super
phosphate (16% P2O5) and potassium sulfate (48% K2O),
respectively. Nitrogen fertilizer was supplied in two
equal portions at a rate of 0.6 g per pot in the form of
ammonium nitrate (33.5% N) before planting and 30 d
after planting as described by Mekki and Orabi (2007).
The plants were grown in an unheated greenhouse with
a day/night average temperature of 18 °C and an average
relative humidity of 75% during the growing season.
Plants were irrigated with tap water for 15 d until midOctober, and then they were irrigated with various levels
of diluted seawater. Plants were watered with seawater
during the last 40 d of the study. The irrigation water
volume was determined by the pot weight (Ünlükara et
al., 2008; Cemek et al., 2011). The seawater was obtained
from Mudanya, Bursa (40°22´ N, 28°54´ E), Turkey, and
diluted with deionized water. In the present study, six
treatments were utilized including tap water (control),
2.5%, 5%, 10%, 15%, and 20% seawater. The EC and
salt concentration of control, 2.5%, 5%, 10%, 15%, and
20% seawater were 0.3, 1.2, 2.1, 3.7, 5.3, and 6.8 dS m-1
and 0.00590%, 0.0560%, 0.0117%, 0.216%, 0.316%, and
0.436%, respectively.
After harvest, soil samples of 250 mL from each pot
for various treatments were taken for EC determination,
average values (based on dry soil) were determined as 0.6,
1.3, 2.3, 3.5, 5.4, and 7.1 dS m-1 for control, 2.5%, 5%,
10%, 15%, and 20% seawater, respectively.
Harvest, yield, and quality parameter analysis
All the plants were harvested 55 d after seedlings were
transplanted (40 d after initiation of salinization). The
average plant fresh yield (g plant-1) was calculated by
dividing the total weight of plants by the number of
plants. The marketable yield (g plant-1) was calculated by
weighing edible leaves.
Edible leaves were rinsed in tap water and deionized
water and then sliced into pieces. The fresh samples
were dried in oven at 70 ºC for 48 h, and dry weight
was measured. The content of the total soluble solids in
the fresh samples was determined using a refractometer
(Abbe-type refractometer, model 60/DR Bellingham and
Stanley, Kent, UK). Titratable acidity was estimated using
the titrimetric method, and was expressed as a percentage
of citric acid. For the analysis of the total sugar content,
the Luff-Schoorl method was used (Gormley and Maher,
1990). The vitamin C (ascorbic acid) content in the fresh
lettuce samples was determined using the titration method
(AOAC, 1980). Nitrates (NO3-N) in the fresh lettuce
leaves were measured by spectrophotometric method,
using a Shimadzu UV-1208 spectrophotometer (Shimadzu
Co., Kyoto, Japan) at a wavelength of 410 nm (Fresenius
et al., 1988). Plant N was determined using the Kjeldhal
method, as described by AOAC (1990), and percentage N
was converted to crude protein multiplying by 6.25. The
total oxalate was analyzed according to Baker (1952),
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using a method of extraction with hydrochloric acid,
precipitation as calcium oxalate from the deproteinized
extract and titration with potassium permanganate.
Experimental design and statistical analysis
The experiment was arranged in a completely randomized
design with six replicates for each treatment. There was
one plant in each pot and four pots in each replicate. Data
were subjected to ANOVA using Minitab 14.0 software.
The significance of differences among treatments was
tested using the least significant difference (LSD)
method. The differences were judged significant at P <
0.05, according to the F-test. Regression analysis was
performed on the relationships between irrigation water
salinity and yield or other lettuce quality parameters.
RESULTS AND DISCUSSION
Fresh yield and marketable yield are important economic
determining factors. Increases in fresh yield are particularly
important for grower satisfaction. Andriolo et al. (2005)
reported that a salinity level above 2.0 dS m-1 reduced
lettuce fresh yield (‘Vera’); therefore, for commercial
purposes, salinity level should be kept below 2.0 dS m-1. In
the present study, lettuce fresh yield and marketable yield
were significantly affected by irrigation with different
concentrations of diluted seawater. There was a significant
quadratic relationship between irrigation water salinity
and fresh yield, and a third-degree polynomial relationship
existed between irrigation water salinity and marketable
yield (Figure 1). Compared with control, no significant
differences were found in fresh yield and marketable
yield at low seawater levels (2.5%, 1.2 dS m-1 and 5%,
2.1 dS m-1). These results were similar to Cemek et al.
(2011), who reported that the highest yield was achieved
at a low irrigation water salinity and soil salinity, while

the lowest yield was obtained at a high irrigation water
salinity and soil salinity. With 10% seawater treatment
(3.7 dS m-1), there were considerable decreases in fresh
yield and marketable yield in comparison to the control,
and as the seawater concentration increased above this
level, yields decreased further. The lowest fresh yield and
marketable yield occurred in response to 20% seawater
treatment (6.8 dS m-1, Table 1). According to Al-Maskri et
al. (2010), salinity is one of the main factors limiting plant
growth and crop yield. Salinity in soil or irrigation water
can reduce plant growth, to interfere nutrient balance,
and to reduce crop yields (Francois and Maas, 1994;
Rouphael et al., 2006; Tzortzakis, 2009). In other studies,
an increase in salinity of nutrient solution was associated
with a reduction in marketable yield and average plant
fresh weight of lettuce (‘Ballerina’ and ‘Severus’) (Miceli
et al., 2003).
Our results showed that DM decreased due to the
exposure to seawater, and it decreased dramatically
starting with 10% seawater treatment. Results of the
regression analysis demonstrated that there was a
quadratic relationship between irrigation water salinity
and DM (Figure 1). The dry matter from seawater
stressed lettuce plants at 10%, 15%, and 20% treatments
decreased significantly in comparison to control. The
lowest DM content in lettuce plants was obtained in
response to 20% seawater treatment. Similar results
were obtained by Miceli et al. (2003), Mekki and Orabi
(2007), Al-Maskri et al. (2010), and EL-Abagy et al.
(2012). These studies demonstrated significant decreases
in lettuce DM as the salt concentrations in the irrigation
water increased. However, several studies using other
lettuce varieties, such as ‘Vera’ (Andriolo et al., 2005)
and ‘Crispa’ (Ünlükara et al., 2008), found that increases
in salt concentration positively affected DM. This study
showed that at the low salinity levels (control, 2.5%, and

Figure 1. Relationships between irrigation water salinity and yield and some quality parameters of lettuce.
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Table 1. Fresh yield and marketable yield, dry matter, total soluble solid content, titratable acidity, total sugar, NO3-N, protein, vitamin C, and
total oxalate of lettuce in response to different seawater treatments.

Treatments
Control (0.3 dS m-1)
2.5% seawater (1.2 dS m-1)
5% seawater (2.1 dS m-1)
10% seawater (3.7 dSm-1)
15% seawater (5.3 dS m-1)
20% seawater (6.8 dS m-1)
LSD at 5%

Fresh
yield

Marketable
yield

g plant-1
245.59a1
218.77a
248.42a
215.03a
230.28a
206.25a
182.93b
131.76b
138.55c
108.42c
75.74d
68.94d
19.17
14.24

Dry
matter
5.24a
5.15a
5.23a
4.89b
4.69c
4.38d
0.20

Soluble
solid
%
3.48bc
3.76b
4.13a
3.33c
3.30c
3.23c
0.28

Dry

Titratable
acidity

Total
sugars

0.065
0.065
0.063
0.064
0.064
0.067
ns

2.25c
2.46b
2.81a
2.83a
2.12d
1.86e
0.12

Protein

%, fw
1.38bc
1.42b
1.55a
1.36cd
1.32de
1.29e
0.05

NO3-N
78.39a
76.06a
57.60b
43.37c
32.59d
11.62e
3.95

Vitamin C

mg 100 g-1 fw
16.75ab
17.06a
16.01b
15.09c
15.01c
12.09d
0.77

1
Means followed by the same letter within each column are not significantly different according to Duncan’s multiple range tests (P < 0.05).
ns: Non-significant; fw: fresh weight.

5% seawater), differences in DM were not significant
(Table 1). Mekki and Orabi (2007) also reported that there
were no significant differences in DM contents between
moderately saline water and the control irrigation in
prickly oil lettuce.
The total soluble solid content of lettuce plants
significantly increased with increasing salinity until a
certain point; solids were highest at 5% salt concentration
(Table 1). A similar effect was reported in tomato
(Lycopersicon esculentum Mill.) and melon (Cucumis
melo L.) plants by Shannon and Grieve (2000). Pasternak
et al. (1986) reported that application of saline water during
specific growth stages may improve quality of many fruits
and vegetables by increasing the content of total soluble
solids. In this study, significant decreases in soluble solids
content began at the 10% seawater treatment, and this
content continued to decrease, particularly at the highest
level of seawater (20%), when compared to the control
(Table 1).
The values for titratable acidity and sugar also play
an important role in determining crop quality (Moretti et
al., 1998). As shown in Table 1, titratable acidity values
remained unchanged in response to increasing saline
concentrations. The different seawater treatments also
had no effect (positive or negative) on lettuce titratable
acidity. However, our results indicated a positive
relationship between total sugar content and low seawater
concentrations (control, 2.5%, 5%, and 10%) (Figure 1).
In previous reports, application of saline water during
fruiting of melon and tomato increased sugar content
(Shannon and Grieve, 2000). At concentrations of 5-10%
seawater, sugar content reached its maximum value. At
increased seawater concentrations (15%, 20%) there was
a decrease in sugar content, with the lowest in plants
stressed with 20% seawater. Results demonstrated a third
order polynomial relationship between irrigation water
salinity and total sugar content (Figure 1). These results
were in agreement with Amuthavalli et al. (2012), who
found that treatment with NaCl decreased total sugar
content in Gossypium. Application of NaCl decreased
quality of strawberry (Fragaria vesca L.) fruits due to
a decreased concentration of sugars, organic acids, and
soluble solids (Keutgen and Pawelzik, 2007).
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Total
oxalate
16.50c
17.31c
17.09c
21.75b
27.91a
28.51a
2.92

Nitrogen is an important component for many
structural characteristics, and N deficiency may be a
limiting factor for plant growth (Tuncay et al., 2011).
In this study, the highest NO3-N (nitrate) contents in
lettuce plants were found in response to control and
2.5% seawater treatments; NO3-N concentrations were
not significantly different between these two salinity
levels (Table 1). At 5% seawater treatment, there
was a considerable decrease in NO3-N concentration
in comparison to control treatment, and NO3-N
concentration decreased as seawater stress increased.
A negative linear relationship was observed between
salinity of irrigation water and NO3-N content (Figure
1). In comparison with the control, the lowest NO3-N
content was identified in response to 20% seawater
treatment. These results were in agreement with Gabr
(1999), who also found that NO3-N concentration
significantly decreased as salinity increased. According
to Totawat and Saxena (1974), excess salts reduce the
total amount of N in plants. Miceli et al. (2003) reported
that lettuce plants under salt stress conditions may
decrease their water uptake and change the absorption
ratio of nutrients. Additionally, Turhan et al. (2013)
indicated that NO3-N concentration significantly
decreased in salt-stressed spinach (Spinacia oleracea L.)
plants.
Salt stress conditions also led to the accumulation
of other nitrogenous compounds, such as amino acids,
proteins, and polyamines, which are often correlated with
salt tolerance (Mansour et al., 2000). Protein contents
of lettuce plants were also strongly affected by the
various seawater treatments. A third-degree polynomial
relationship between irrigation water salinity and protein
content was observed (Figure 1). An increased salt
concentration (control, 2.5%, 5%) resulted in an increase
in the protein content, with the highest protein content
found in 5% seawater stressed plants (Table 1). In other
studies, Ejaz et al. (2012) in sugarcane (Saccharum
officinarum L.) and Shahba et al. (2010) in tomato
roots found that application of salt stress resulted in an
increase in protein content. However, increasing seawater
concentrations to 10% or 15% resulted in a sharp decrease
in protein content. This reduction was primarily observed
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at the highest seawater concentration (20%). A similar
decrease in protein content as NaCl increased was also
reported by Azooz et al. (2004), Dagar et al. (2004), and
Gulen et al. (2006).
Vitamin C (ascorbic acid) is a water soluble
antioxidant. Several studies have demonstrated that
ascorbic acid plays an important role as a plant growth
regulator (Garg and Kapoor, 1972; Conklin, 2001).
Vitamin C is vital to protect against negative effects of
salt stress in tomato plants (Shalata and Neumann, 2001).
Data related to vitamin C content of lettuce plants grown
under various seawater concentrations is presented in
Table 1. There was a quadratic relationship between
irrigation water salinity and vitamin C (Figure 1). Vitamin
C contents were highest in response to 2.5% seawater
concentration and to control treatment. Compared with
control, vitamin C concentration of seawater-stressed
plants significantly decreased in the treatments higher
than 2.5%. The lowest vitamin C concentrations were
found in response to 20% seawater treatment. Pitura and
Michalojc (2012) found that excessive salt concentrations
in crop soils due to increasing N rates significantly
reduced vitamin C content in butterhead lettuce and leafy
celery; however, the opposite relationship was observed
with kale leaves. As described by Tas et al. (2005), leaf
ascorbic acid concentrations were not affected by salinity
concentrations in lettuce (var. longifolia).
Masters et al. (2005) reported that plants growing in
saline areas accumulate compounds (oxalate, tannins)
that can adversely affect palatability. Oxalic acid
in leaves is detrimental to human health because it
decreases Ca2+ absorption, and it also creates a bitter
taste. Therefore, it is desirable to decrease its content
by adjusting the cultivation methods (Raven, 1985).
In this study, there were no significant differences in
oxalate production in the lettuce plants exposed to low
seawater stress (2.5% and 5%) compared to the control.
However, there was a considerable increase in oxalate
production in response to 10% seawater treatment that
continued with 15% seawater treatment. The highest
total oxalate content in lettuce plants was obtained in
response to 20% seawater treatment (Table 1). There
was a quadratic relationship between irrigation water
salinity and total oxalate content (Figure 1). These
results were similar to those of Williams (1960),
who demonstrated that oxalate content in halogeton
(Halogeton glomeratus [M. Bieb.] Ledeb.) greatly
increased when NaCl was added to the nutrient solution.
Rahman et al. (2008) observed that application of 100
mM NaCl resulted in slightly higher soluble oxalate
content in plants compared to those lacking additional
NaCl. However, the opposite results was obtained by
Carvalho et al. (2009) in purslane (Portulaca oleracea
L.), in which a sharp decrease in the total oxalic acid
content was observed in response to an increase in salt
concentration in the purslane plant.

CONCLUSIONS
Results of the current study indicated that low
concentrations of seawater in irrigation water showed no
significant effects on lettuce yield and quality components.
Low amounts of salt are necessary in irrigation water in
order to plants reach their optimal yield. In the present
study, low concentrations of seawater (2.5% and 5%) in
the irrigation water showed no negative effects on fresh
yield or quality of lettuce crop. In addition, irrigation
with low concentrations of saline water did not lead to an
increase in salt concentrations in soil. However, it should
be stressed that short-term applications do not fully
reflect salt accumulation in soil. Longitudinal studies for
the determination of true salt accumulation in soil will
provide more accurate results.
ACKNOWLEDGEMENTS
The authors are indebted to American Journal Experts
(AJE) and Project Management Centre of Uludağ
University for editing the English of this manuscript.
LITERATURE CITED
AOAC. 1980. Official methods of analysis. 13th ed. p. 128-129.
Association of Official Analytical Chemists (AOAC), Washington,
D.C., USA.
AOAC. 1990. Official methods of the analytical chemist. 15th ed.
Vol. 2. Association of Official Analytical Chemists (AOAC),
Arlington, Virginia, USA.
Al-Maskri, A., L. Al-Kharusi, and H. Al-Miqbali. 2010. Effects
of salinity stress on growth of lettuce (Lactuca sativa) under
closed-recycle nutrient film technique. International Journal of
Agriculture and Biology 12:377-380.
Amuthavalli, A., D. Anbu, and S. Sivasankatamoorthy. 2012. Effect
of calcium chloride on growth and biochemical constituents of
cotton (Gossypium hirsutum L.) under salt stress. International
Journal of Research in Botany 2(3):9-12.
Andriolo, J.L., L. Gean, G.L. da Luz, M.H. Witter, R.S. Godoi,
G.T. Barros, et al. 2005. Growth and yield of lettuce plants under
salinity. Horticultura Brasileira 23:931-934.
Azooz, M., M.A. Shaddad, and A. Abdel-Latef. 2004. The
accumulation and compartmentation of proline in relation to
salt tolerance of three sorghum cultivars. Indian Journal of Plant
Physiology 9:1-8.
Baker, C.J.L. 1952. The determination of oxalates in fresh plant
material. Analyst 77:340-344.
Beltrao, J., J. Faria, G. Miguel, P. Chaves, and D. Trindade. 2000.
Cabbage yield response to salinity of trickle irrigation water. Acta
Horticulturae 537:641-645.
Carvalho, S.S., M. Teixeira, and M. Brodelius. 2009. Effect of salt
stress on purslane and potential health benefits: Oxalic acid and
fatty acids profile. The Proceedings of the International Plant
Nutrition Colloquium XVI, Davis, California. University of
California Davis, Davis, California, USA.
Cemek, B., A. Ünlükara, S. Karaman, and Z. Gökalp. 2011. Effects
of evapotranspiration and soil salinity on some growth parameters
and yield of lettuce (Lactuca sativa var. crispa). ZembdirbysteAgricultura 98:139-148.
Colla, G., Y. Rouphael, M. Cardarelli, D. Massa, A. Salerno, and
E. Rea. 2006. Yield, fruit quality and mineral composition of
grafted melon plants grown under saline conditions. Journal of
Horticultural Science and Biotechnology 81:146-152.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 74(1) JANUARY-MARCH 2014

115

Conklin, P.L. 2001. Recent advances in the role and biosynthesis of
ascorbic acid in plants. Plant Cell and Environment 24:383-394.
Chartzoulakis, K., and G. Klapaki. 2000. Response of two greenhouse
pepper hybrids to NaCl salinity during different growth stages.
Scientia Horticulturae 86:247-260.
Dagar, J.C., H. Bhagwan, and Y. Kumar. 2004. Effect on growth
performance and biochemical contents of Salvadora persica when
irrigated with water of different salinity. Indian Journal of Plant
Physiology 9:234-238.
De Pascale, S., and G. Barbieri. 1995. Effects of soil salinity from
long-term irrigation with saline-sodic water on yield and quality
of winter vegetable crops. Scientia Horticulturae 64:145-157.
Ejaz, B., Z.A. Sajid, and F. Aftab. 2012. Effect of exogenous
application of ascorbic acid on antioxidant enzyme activities,
proline contents, and growth parameters of Saccharum spp.
hybrid cv. HSF-240 under salt stress. Turkish Journal of Biology
36:630-640.
EL-Abagy, H.M., I.H. Yonma, N.M. Omar, N.H.M. El-Gradly, and
W.A. El-Tohamy. 2012. Comparative study on the effect of some
nutritional fertilizers on growth and yield of lettuce plants. Journal
Applied Sciences Research 8:896-900.
Francois, L.E., and E.V. Maas. 1994. Crop response and management
of salt affected soils. p. 449-459. In Pessarakli, M. (ed.) Handbook
of plant and crop stress. Marcel Dekker, New York, USA.
Fresenius, W., K.E. Quentin, and W. Schneider. 1988. Water
analysis. A practical guide to physicochemical, chemical and
microbiological water examination and quality assurance.
Springer-Verlag, Berlin, Germany.
Gabr, S.M. 1999. The influence of nitrate: ammonium ratios and
salinity stress on growth, chemical composition and quality of
lettuce (Lactuca sativa L.) grown in nutrient solutions. Alexandria
Journal of Agricultural Research 44:251-262.
Garg, O.P., and V. Kapoor. 1972. Retardation of leaf senescence by
ascorbic acid. Journal of Experimental Botany 23:699-703.
Gormley, T.R., and M.J. Maher. 1990. Tomato fruit quality an
interdisciplinary. Professional Horticulture 4:7-12.
Goyal, S.S., S.K. Sharma, and D.W. Rains. 2003. Crop production in
saline environments: Global and integrative perspectives. 427 p.
Haworth Press, New York, USA.
Gulen, H., E. Turhan, and A. Eris. 2006. Changes in peroxidase
activities and soluble proteins in strawberry varieties under saltstress. Acta Physiologiae Plantarum 28(2):109-116.
Incrocci, L., F. Malorgio, A. Della Bartola, and A. Pardossi. 2006.
The influence of drip irrigation or sub irrigation on tomato
grown in closed-loop substrate culture with saline water. Scientia
Horticulturae 107:365-372.
Kafkafi, U., N. Valoras, and J. Letey. 1982. Chloride interaction
with nitrate and phosphate nutrition in tomato (Lycopersicon
esculentum L.) Journal of Plant Nutrition 5:1369-1385.
Keutgen, A., and E. Pawelzik. 2007. Modification of taste-relevant
compounds in strawberry fruit under NaCl salinity. Food
Chemistry 105:1487-1494.
Liu, Z.P., L. Liu, M.D. Chen, L.Q. Deng, G.M. Zhao, Q.Z. Tang,
et al. 2003. Study on the irrigation systems in agriculture by
seawater. Journal of Natural Resources (in Chinese) 18:423-429.
Mansour, M.M., P.R. Van Hasselt, and P.J. Kuiper. 2000. NaCl
effects on root plasma membrane ATPase of salt-tolerant wheat.
Biology of Plants 43:61-66.
Masters, D.G., H.C. Norman, and E.G. Barrett-Lennard. 2005.
Agricultural systems for saline soil: The potential role of livestock.
Asian-Australasian Journal of Animal Sciences 18:296-300.
Mekki, B.B., and S.A. Orabi. 2007. Response of prickly lettuce
to uniconazole and irrigation with diluted seawater. AmericanEurasian Journal of Agricultural and Environmental Sciences
2(6):611-618.
Miceli, A., A. Moncada, and F. D’Anna. 2003. Effect of salt stress in
lettuce cultivation. Acta Horticulturae 609:371-375.
Moretti, C.L., S.A. Sargent, D.J. Huber, A.G. Calbo, and R.
Puschmann. 1998. Chemical composition and physical properties
of pericarp, locule and placental tissues of tomatoes with internal
bruising. Journal of the American Society for Horticultural
Science 123:656-660.
116

Neumann, P.M. 1995. The role of cell wall adjustment in plant
resistance to water deficits. Crop Science 35:1258-1266.
Pasternak, D., Y. De Malach, I. Borovic, M. Shram, and C. Aviram.
1986. Irrigation with brackish water under desert conditions. IV.
Salt tolerance studies with lettuce (Lactuca sativa L.) Agricultural
Water Management 11:303-311.
Pitura, K., and Z. Michalojc. 2012. Influence of nitrogen doses
on salt concentration, yield, biological value, and chemical
composition of some vegetables plants pieces. Part I. Yield and
biological value. Acta Scientiarum Polonorum-Hortorum Cultus
11(6):145-153.
Rahman, M.M., Y. Ishii, M. Niimi, and O. Kawamura. 2008.
Effect of salinity stress on dry matter yield and oxalate content
in napiergrass (Pennisetum purpureum Schumach). AsianAustralasian Journal of Animal Sciences 21:1599-1603.
Rahman, M.M., and O. Kawamura. 2011. Oxalate accumulation
in forage plants: Some agronomic, climatic and genetic aspects.
Asian-Australasian Journal of Animal Sciences 24:439-448.
Raven, J.A. 1985. Regulation of pH and generation of osmolarity in
vascular land plants: costs and benefits in relation to efficiency of
use of water, energy and nitrogen. New Physiologist 101:25-77.
Rouphael, Y., M. Cardarelli, E. Rea, A. Battistelli, and G. Colla.
2006. Comparison of the sub irrigation and drip-irrigation system
for greenhouse zucchini squash production using saline and nonsaline nutrient solutions. Agricultural Water Management 82:99117.
Santamaria, P. 2006. Nitrate in vegetables: toxicity, content, intake
and EC regulation. Journal of the Science of Food and Agriculture
86:1071.
Shahba, Z., A. Baghizadeh, S.M.A. Vakili, A. Yazdanpanah,
and M. Yosefi. 2010. The salicylic acid effect on the tomato
(Lycopersicum esculentum Mill.) sugar, protein and proline
contents under salinity stress (NaCl). Journal of Biophysics and
Structural Biology 2(3):35-41.
Shalata, A., and P.M. Neumann. 2001. Exogenous ascorbic acid
(vitamin C) increases resistance to salt tolerance and reduced lipid
peroxidation. Journal of Experimental Botany 364:2207-2211.
Shannon, M.C., and M. Grieve. 1999. Tolerance of vegetable crops
to salinity. Scientia Horticulturae 78:5-38.
Shannon, M.C., and M. Grieve. 2000. Options for using low-quality
water for vegetable crops. Hortscience 35:1058-1062.
Tas, G., N. Papadandonakis, and D. Savvas. 2005. Responses
of lettuce (Lactuca sativa L. var. longifolia) grown in a closed
hydroponics system to NaCl- or CaCl2-salinity. Journal of Applied
Botany and Food Quality 79:136-140.
Totawat, K.L., and S.N. Saxena. 1974. Effect of the quality of
applied irrigation water on the amino-acid makeup of Vigna
catjang. Botanical Gazette 135:1-4.
Tuncay, O., D. Esiyok, B. Yagmur, and B. Okur. 2011. Yield and
quality of garden cress affected by different nitrogen sources and
growing period. African Journal of Agricultural Research 6:608617.
Turhan, A., H. Kuscu, N. Ozmen, B.B. Asik, M.M. Serbeci, and V.
Seniz. 2013. Alleviation of deleterious effects of salt stress by
applications of supplementary potassium-calcium on spinach.
Acta Agriculturae Scandinavica, Section B - Soil & Plant Science
63:184-192.
Tzortzakis, N.G. 2009. Alleviation of salinity-induced stress
in lettuce growth by potassium sulphate using nutrient film
technique. International Journal of Vegetable Science 15:226-239.
Ünlükara, A., B. Cemek, S. Karaman, and S. Ersahin. 2008.
Response of lettuce (Lactuca sativa var. crispa) to salinity of
irrigation water. New Zealand Journal of Crop and Horticultural
Science 36:265-273.
Vallejo, F., F.A. Tomas-Barberan, and C. Garcia-Viguera. 2003.
Effect of climatic and sulphur fertilization conditions on phenolic
compounds and vitamin C, in the inflorescence of eight broccoli
cultivars. European Food Research and Technology 216:395-401.
Williams, M.C. 1960. Effect of sodium and potassium salts on growth
and oxalate content of halogeton. Plant Physiology 35:500-505.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 74(1) JANUARY-MARCH 2014

