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ABSTRACT 

Vegetable crops had unpredictable reactions to stressful environments with morphological, 
biochemical, metabolic and physiological changes that lead to alterations in chemical composition and 
nutritive quality. Positive stresses (Eustresses) are several physical, biological or chemical stressful 
reasons that activate the signaling ways directing to a greater content of bioactive ingredients and quality 
characteristics of vegetable crops. Hence, application of positive stress could be a beneficial approach 
in new innovative agriculture on the road to satisfying the agro-food manufacturing and customers’ 
needs for better quality and active vegetable products. Salinity could be a beneficial tool towards an 
integrated quality improvement of different vegetable crops for the management of antioxidants and 
bioactive ingredient contents and enhancing advantageous health impacts of fresh vegetable products. 
Salinity is believed to be a chemical eu-stressor which has been evidenced to disturb each apparent 
quality and bioactive ingredients of vegetable products. The current review aims on the implication of 
salinity as an eustress for enhancement of various quality attributes of vegetable crops, such as visual 
appearance (color, texture, and firmness), aroma and nutritional value (fragrance, taste), health 
promoting properties (antioxidants and bioactive compounds). Moreover, the physiological 
mechanisms behind the responses of plants to salinity and the functions that directly or indirectly affect 
vegetable quality are going to be explained. Lastly, this review adopts with explanations about the 
effectiveness and assessment of this method in unconventional horticultural cropping systems, in 
addition to different scenarios and research innovations that have to be counted for high added value 
products production. 
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Introduction 

Application of Eustressors classified as biological, physical and chemical factors that induces 
stressful conditions leading to physiological changes, and trigger defense mechanisms through the 
production of various phytochemicals and bioactive compounds (i.e., carotenoids, glucosinolates, 
polyamines and tocopherols; Baenas et al., 2014). Positive stress technique has been proved as a 
profitable tool for increasing vegetable quality and their health benefits. Several studies have been 
carried out during the last two decades to elucidate the mechanisms involved in plant physiology during 
and after application of Eustress, as well as to provide detailed information about potential esustressors, 
their effects and best practice guides (Viacava et al., 2018).  

Salinization of soil and water is an endless growing problem which is intensified by the 
unreasonable use of fertilizers and agrochemicals, consequent sea-water infiltration into fresh aquifers 
and crop intensification in general (Libutti and Monteleone, 2017). Plants grown under excessive 
salinity usually exhibit morphological, biochemical, physiological as well as metabolic changes that 
severely affect plant growth and consequently crop productivity and quality (Colla et al., 2008; Arshi 
et al., 2010; and Petropoulos et al., 2017). On the other hand, there are good approaches have to be 
considered to turn soil salinity problem into an opportunity for increased quality vegetables with better 
bioactive compounds contents. Many research studies reported the effect of growing conditions and 
salinity concentration on quality of vegetable crops, with special focus being given to secondary 
metabolites and their bioactive properties (Petropoulos et al., 2017; Kyriacou and Rouphael, 2018). 
However, Vegetable quality is a complex parameter defined by multiple-factors including directly 
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apparent properties such as taste, visual appearance and aroma, which usually define physical quality 
and determine the consumers’ satisfaction and the retail price of the final product, as well as factors that 
affect quality indirectly such as chemical composition, bioactive compounds content, and absence of 
agrochemicals (Kyriacou and Rouphael, 2018). Although physical quality and appearance of vegetable 
products are the key determinants of the overall quality for most of the stakeholders involved in the 
horticultural products supply chain, consumer awareness and increasing concerns concerning the safety 
issues that arise from time to time have redirected the overall approach about quality towards design 
and production of products with health beneficial properties, enhanced nutritional value and high 
content in bioactive compounds (Mahajan et al., 2017). 

Several efforts were made to increase vital bioactive compounds through traditional breeding and 
genetic engineering, but the development of commercial vegetable hybrids with improved content of 
health-related compounds is still at its beginnings (Kyriacou and Rouphael, 2018). On the other hand, 
the disproportional rise of some major phytochemicals by traditional breeding and genetic engineering 
about (10–25 fold in carotenoids and 20-fold in glucosinolates) have raised more concerns on their 
safety among nutritionists, growers and consumers due to their genotoxic and hazards effect at high 
concentrations (Stopper et al., 2005; Poiroux-Gonord et al., 2010;). Therefore, the application of 
chemical eustressors such as salinity and nutritional management of vegetable crops offer valuable and 
cost-effective tools for manipulation of phytochemical content and quality in general which could help 
in increasing market trends for high added value products. 

The aim of the present review paper is to elucidate an overview on the positive effect of salinity 
as potential eustressors on vegetable quality including physical characteristics, flavor, nutritional value, 
bioactive compounds and nutrients content. As well as finding a tool to benefit from salt stress effect 
for increasing fruit quality.  

 
Improvements of physical properties by potential salinity  

Vegetable texture is an important and complex quality characteristic which is described with 
quantifiable parameters such as firmness, crispness, elasticity, viscosity and apparent aspects in general 
(Rosenthal, 1999; Barrett et al., 2010). Considering the high water content of most vegetable products, 
this trait contributes to overall physical quality and appearance of the shelf-product and affect consumer 
satisfaction as it is highly correlated with vegetable freshness (Coolong et al., 2013). Texture could be 
affected by various factors that interfere and modify cell wall and its thickness, cell size and turgor 
pressure (Barrett et al., 2010). Soluble and insoluble fibers mainly cellulose, hemicellulose and pectins 
are the most important compounds supporting the texture of vegetable products (Perkins-Veazie and 
Collins, 2001). On the other hand, fruit firmness represents a key characteristic of vegetable crops 
dependent to a genotypic variation (Kyriacou et al., 2017). In this concern, increasing salinity of nutrient 
solution to 80 mM achieved a significant increase in fruit firmness of grafted and un-grafted soilless 
melon (Colla et al., 2006a). The higher fruit firmness under salinity conditions was accompanied with 
a lower peel percentage, however the fraction of the fruit flesh was also increased (Colla et al., 2006a). 
In the same way, Botía et al. (2005) stated that melon firmness was increased in a cultivar-dependent 
manner. On the contrary, there were no significant effects of higher salinity on the fruit firmness of 
cucumber and pepper (non-salt control, 15 or 30 mM NaCl) (Navarro et al., 2010; Colla et al., 2013b). 

Also, fruit shape index as well as the coloration of the skin are a principal criteria of consumer 
choices (Rouphael et al., 2010). Several investigations carried out on numerous of vegetables under 
open field and greenhouse conditions (i.e., watermelon, pepper and cucumber). Such investigations 
showed that the fruit shape index was not significantly affected by application of saline water (Navarro 
et al., 2010; Colla et al., 2006b, 2013a,b). Oppositely to the previous results, fruit shape index of melon 
was increased with nutrient solution EC increasing from 2.0 to 9.7 dS m−1 (Colla et al., 2006a).  

Regarding color, leafy vegetables color was highly affected by NaCl application in the nutrient 
solution. In this concern, Neocleous et al. (2014a) confirmed that adding 5 to 20 mM NaCl to nutrient 
solution led to a reduction in the leaf color components lightness (L*) and saturation (C*) . Also, Kim 
et al. (2008)  revealed that Romaine lettuce leaf color components were decreased with increasing NaCl 
concentrations from 0 to 200 mM. 
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Improvements of flavor compounds by potential salinity  
The taste and aroma of vegetable fruits are the main factors of flavor which is a complex term 

correlated with various quality attributes such as acidity, bitterness, sourness, sweetness and volatile 
compounds contents (Mahajan et al., 2017). A number of compounds contribute to these parameters 
such as sugars, organic acids, tannins, capsaicinoids, glucosinolates, and ketones (Kader, 2008; Baenas 
et al., 2014). 

Numerous of fruit vegetables had an aroma and taste improvement with increased salinity. In the 
meantime, increasing salinity led to an increase in total soluble solids, organic acids and sugars contents 
in some studies. In this concern, the increase in nutrient solution EC, resulted in an increase in total 
soluble solids and titratable acidity in cucumber fruits Colla et al. (2012) and Colla et al. (2013b). 
Similar results have been reported for eggplant (Savvas and Lenz, 2000; Hegazi et al., 2015), melon 
(Mendlinger, 1994; Del Amor et al., 1999; Botía et al., 2005; Colla et al., 2006a; Rouphael et al., 
2012b), pepper (Hegazi et al 2017; Marín et al., 2009; Hand et al., 2017), strawberry (Saied et al., 2005; 
Keutgen and Pawelzik, 2007; Galli et al., 2016), watermelon (Tingwu et al., 2003; Colla et al., 2006b), 
and zucchini (Rouphael et al., 2017b; Villora et al., 1999). Moreover, Giuffrida et al. (2017) reported 
that increasing salinity after the appearance of inflorescence of cauliflower head and until harvest 
improved heads flavor by increasing dry matter content, TSS and TA values, on the contrary, Zaghdoud 
et al. (2012) conveyed an improvement of TSS content in broccoli heads under increased salinity. 
Moreover, Keutgen and Pawelzik (2007) confirmed that mild salinity stress (40 mM NaCl) may be 
favorable for TSS content and TA for salt Non-sensitive genotypes. In the same line, increasing salinity 
(up to 8 dS m−1) significantly reduced TSS, fructose, glucose and amino acids content of pepper fruits 
Navarro et al. (2002). 

Regarding flavor attributes for leafy vegetables ,  Fallovo et al. (2009a)  confirmed a decrease in 
fructose and glucose content in lettuce leaves grown in nutrient solution with higher salinity (EC up to 
3.6 dS m−1). Likewise, Pérez et al. (2009) recommended that elevated CO2 concentration in combination 
with salinity stress may improve soluble proteins and sugars content Batavia lettuce leaves. In the same 
line, Sakamoto et al. (2014)  reported that increasing EC of nutrient solution from 10.6 to 12.6 dS m−1 
resulted in double increase of sugar content of red lettuce leaves. 

 
Improvements of bioactive compounds by potential salinity  

Vegetables are considered a substantial sources of anti-oxidants since it had an essential role in 
human health. Thus, such concept pushed horticultural market trends towards the production of 
vegetables with healthier bioactive compounds contents (Kyriacou and Rouphael, 2018). Salinity has 
been reported to significantly enhance bioactive ingridients of many fruit and vegetables and could be 
considered a smart method for this target. In this concern, Cardeñosa et al. (2015) have informed that 
salinity stress enhanced antioxidant activity and induced total phenols production of strawberry fruits. 
In the same way, Marín et al. (2009), revealed that salinity increase of nutrient solution up to 30 mM 
NaCl caused in an increase in vitamin C content in red pepper fruits. Positive effects of salinity on total 
phenols and carotenoids content of pepper fruits have been also conveyed by Giuffrida et al. (2014). 
Similarly, Galli et al. (2016) have proposed that slight salt stress could be functioning for increasing of 
total phenolic compounds, and anthocyanins contents of strawberry fruits. Furthermore, Hand et al. 
(2017) proposed that salinity increase (up to 200 mM NaCl) can increase total phenolic compounds 
content and enzyme activity of pepper fruit. While, Keutgen and Pawelzik (2008a) and Keutgen and 
Pawelzik (2008b) revealed that strawberry plants subjected to salinity stress showed an increase in 
amino-acids and antioxidant compounds content, respectively.  

Salinity could also enhance glucosinolates content in Brassicaceae vegetables which are 
considered a good source of it. The assessment of salinity effect on antioxidant com-pounds such as 
vitamin C and phenolic compounds in broccoli indicated that mild salinity stress (40 mM NaCl) could 
be valuable for enhancing bioactive properties of broccoli heads (López-Berenguer et al., 2009). In this 
concern, Giuffrida et al. (2017) observed a higher glucosinolates contents in cauliflower heads when 
plants were exposed to salinity stress. Furthermore, Martínez-Ballesta et al. (2014) have proposed that 
sinigrin is involved in water transport in broccoli plants under salinity. In addition, Moreno et al. (2008) 
confirmed that the combination of salt stress with elicitors (e.g. tryptosan, chitosan and methionine) 
markedly increased total flavonoids content, and vitamin C in broccoli heads. While Falcinelli et al. 
(2017) informed that antioxidant compounds were significantly increased in rapeseed when seeds were 
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germinated under moderate salinity stress. Similarly, phenolic compounds and glucosinolates content 
in 3 to 5 days old radish sprouts were increased when exposed to salinity stress (100 mM) (Yuan et al. 
(2010). On the contrary, Hassini et al. (2017a, 2017b) indicated a negative effect of salinity on 
glucosinolates content in 10-days old broccoli and cabbage sprouts. However, in leafy vegetables 
(Cichorium spinosum) leaves, mentioned that slight salinity levels (up to 6.0 dS m−1) caused an increase 
of ascorbic acid and α-tocopherol contents and antioxidant activity (Petropoulos et al. (2017). Also, in 
other study, the use of saline nutrient solution (12.6 dS m−1) caused an increase in anthocyanins content 
in red leaf lettuce (Sakamoto et al. 2014), Similarly, Neocleous et al. (2014a) reported an improved 
anthocyanin contents in red lettuce leaves with slight salinity application. On the contrary, Chisari et 
al. (2010) observed a reduction of total phenolic compounds and antioxidant activity in baby romaine 
lettuce leaves with salinity increase during cultivation. Whereas,  Neocleous et al. (2014b) detected a 
higher ascorbic acid content at 10 mM NaCl in both red baby and green lettuce leaves with no definite 
trends for phenolic compounds content. However, extended treatment of salinity (5 mM NaCl) had 
superior effects than partial treatment with high salinity (> 100 mM NaCl) in carotenoids content (lutein 
and β-carotene) of romaine lettuce ( Kim et al. (2008), On the other hand, (Garrido et al. (2014) detected 
a positive marks of high salinity (150 mmol L−1 NaCl) on flavonoids content, but he found that, the 
application of moderate stress (50 mmol L−1) was more supportive in terms of total phenols and phenolic 
acids without any negative effects on plant fresh weight and visual quality of lettuce leaves.  
Furthermore, Sgherri et al. (2017) observed higher flavonoids in two differently pigmented lettuces 
when elevated CO2 was combined with salinity. However, slight salinity levels (3.5 dS m−1) showed a 
positive effect on antioxidant activity of two wild-rocket cultivars leaves (Bonasia et al., 2017).  

Positive effects of salinity have been presented for other vegetables like artichoke where salinity 
levels of 30 mM NaCl improved total phenolic compounds and cynarin and luteolin contents in leaves 
(Colla et al. (2013a) , while Rezazadeh et al. (2012) conveyed the same effects on phenolic compounds 
(total phenols and flavonoids, and antioxidant activity of artichoke leaves at mild salinity levels.  
 
Improvements of fruit quality by potential salinity  

Several investigations have confirmed the positive effects of eustressors like salinity on chemical 
composition of fruits or vegetables. Salinity impacts on bioactive ingredients and nutritional value are 
related with the changes in physiological and molecular functions as well as plant metabolism that 
enable plants for better adaptation under stress conditions by means of the stimulation of inert 
antioxidant systems. In this concern, Slama et al. (2015) proposed that higher sugar content in fruit 
vegetables grown under saline conditions is very ordinary, as sugars and additional low molecular 
weight osmolytes are familiar ways to neutralize the higher osmotic potential in vacuole due to 
accumulation of Na+ and Cl−. However (López-Berenguer et al., 2009) mentioned that broccoli heads 
had higher glucosinolates for better osmoregulation. Moreover, Saito et al. (2008), recommended that 
salinity improved earliness, enhanced carotenoid biosynthesis, fruit color and sugars content in fruits of 
tomato plants. However, salinity stress caused an improvement of fruit color which is associated with 
anthocyanins content (Perkins-Veazie and Collins, 2001). 

Overall, physiological mechanisms involved in salinity stress adaptation are correlated with 
osmoregulatory mechanisms by means of the synthesis of specific organic molecules which endorse 
plants for better adaptation under stressful conditions. Such adaptation mechanisms result in an 
enhancements in quality attributes particularly, nutritional value and flavor aspects, as well as bioactive 
properties which is vital for better human health. 
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