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Abstract 
 
The aim of this study was to evaluate the effect of salt stress on the contents of inorganic and organic solutes, pigments and 
essential oil in two basil genotypes cultivated in hydroponic system. The experiment was carried out in a greenhouse. Treatments 
were distributed in randomized blocks, in a 2 × 2 factorial arrangement, corresponding to two contrasting genotypes (‘Toscano 
folha de alface’ (TFA) and ‘Gennaro de menta’ (GM)) and two salt levels (0 - control and 80 mM NaCl), with six replicates. The Na+, 
Cl- and K+ accumulation in the leaves, stem and roots did not differ between genotypes. Salt stress increased free amino acids 
accumulation in the leaves of the TFA genotype. The proline content increased in the roots of both genotypes. However, in GM 
genotype, the proline content (3.12 mmol g-1 dry mass (DM)) was around 2-fold greater when compared to TFA genotype (1.48 
mmol g-1 DM). The salt stress increased the photosynthetic pigments content only in the GM genotype. Inorganic solutes and 
photosynthetic pigments content are not good indicators of salt-tolerance in the studied genotypes. Under salt stress, there was 
increase in oil content in GM genotype, while the TFA genotype showed a decrease compared to control treatment. In spite of 
showing lower oil content, the TFA genotype showed higher yield and productivity of essential oil compared to GM under salt 
stress conditions. 
 
Keywords: Compatible solutes; inorganic ions; oil productivity; photosynthetic pigments; salinity. 
Abbreviations: TFA_Toscano folha de alface’; GM_‘Gennaro de menta’; DFT_deep flow technique; DM_dry mass; DAE_days after 
emergence; NS_nutrient solution; Chla_chlorophyll a; Chlb_chlorophyll b; Car_carotenoids. 
 
Introduction 
 
Salinity is one of the main abiotic stresses that limit the 
growth and productivity of crops. Some studies affirm that 
the salinity affect around 7% of the world’s land area and 
20% of the irrigated land (Parihar et al., 2015). Saline soils 
are characterized by excessive salt accumulation in the 
superficial layers, occurring mainly in arid and semi-arid 
regions due to edaphoclimatic conditions. Salt stress can 
negatively affect metabolism and promotes a reduction in 
the growth of plants. According to Munns (2002), the 
reduction in productivity in plants under salt stress is due to 
osmotic and ionic effects. The osmotic effect affects the 
water availability to the plant, while the ionic effect results 
in toxicity and nutritional disorders (Dias et al., 2016). 
For maintenance of plant growth under salt conditions, 
without damage to physiological functions, glycophytes 
need to acclimate to a lower water potential and a higher 
concentration of salt. This acclimation occurs through the 
osmotic adjustment, which is characterized by the 
accumulation of inorganic compounds in the vacuole and 
compatible organic compounds in the cytoplasm, to avoid 
biochemical and physiological disorders (Strange, 2004). 

During salt stress, organic solutes commonly accumulated 
are soluble carbohydrates, free amino acids and soluble 
proteins, being the first two with the greatest contribution 
to the osmotic potential; therefore, they are featured in 
studies related with salt stress (Azevedo Neto et al., 2004). 
The accumulation of organic solutes induced by salinity has 
some functions in the cytoplasm such as: avoiding damage 
to enzymatic systems, protecting cellular structures (Munns, 
2002) and helping to maintain water absorption by reducing 
water potential (Strange, 2004). 
According to Reyes-Pérez et al. (2013), medicinal and 
aromatic species have worldwide economic importance due 
to the continuous and growing demand in the markets. 
Thus, basil (Ocimum basilicum L.) is indicated as a viable 
alternative for semi-arid regions of Brazil (Reyes-Pérez et al., 
2013), as well as for hydroponic cultivation with low quality 
water for agriculture (Alves et al., 2015). Basil has 
aggregated value by its multiple uses: medicinal properties, 
flavoring and also in the cosmetic and pharmaceutical 
industries. Basil has a great genotypic diversity and is 
reported as moderately tolerant to salinity (Barbieri et al., 
2012). Thus, the characterization of the responses of basil 
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genotypes with different salt-tolerance is fundamental to 
evaluate the crop potential in saline environment (Bernstein 
et al., 2010). In a previous study, Menezes et al. (2017) 
studied the salt-tolerance of six basil genotypes in a DFT 
hydroponic system after seedling establishment and 
characterized the ‘Gennaro de menta’ (GM) and ‘Toscano 
folha de alface’ (TFA) genotypes as sensitive and tolerant to 
salt stress, respectively. These genotypes showed 
contrasting responses in terms of plant growth and salt-
induced leaf injuries. 
In addition to the studies related to plant breeding, to 
improve the tolerance of species to salinity (Kavitha et al., 
2012; Gondim Filho et al., 2018), the form of cultivation and 
management practices can bring benefits for the growth of 
crops under these conditions. In this context, hydroponic 
cultivation has been pointed out as a viable technique for 
the use of brackish waters. Hydroponic agriculture is a 
strong ally as a mitigating technology against the cultivation 
in saline soil. Soares et al. (2007) affirm that in this system 
the responses of plants to salinity may be better than those 
obtained in soil, considering the greater availability of water. 
In this study, a comparative analysis is made using two 
contrasting basil genotypes in order to characterize their 
responses to salt stress in terms of the content of inorganic 
and organic solutes, photosynthetic pigments, and content, 
yield and productivity of essential oil. 
 
Results and discussion 
 
Effect of salt stress on contents of inorganic solutes   
 
Salinity increased the sodium content in all parts of the 
plants of both genotypes (Figure 1). The mean Na+ content 
obtained in the leaves of both genotypes under salt stress 
was 0.12 mmol g-1 DM. In the stem and roots, these means 
were respectively 1.15 and 1.32 mmol g-1 DM for TFA and 
1.32 and 1.37 mmol g-1 DM for GM. Thus, the data show 
that, in the treatment of 80 mM NaCl, the sodium 
concentration in the stem and roots was about 10-fold 
higher than in the leaves. 
The higher Na+ accumulation in stem and root tissues may 
be related to plant's ability to restrict the transport of this 
ions from the roots to the leaves, and to maintain a low Na+ 
content in leaf tissue, which may indicate a mechanism of 
salinity tolerance (Ning et al., 2015), as observed in Fig. 1. 
However, the Na+ partition between the organs of plants in 
both genotypes showed no relationship with tolerance or 
sensitivity to salt stress, since the Na+ concentration in all 
parts of the plants was similar in both genotypes. 
Furthermore, Na+ content in different parts did not vary with 
the age of the plant except for the stem in the GM which 32 
days showed higher levels (1.64 mmol g-1 DM). 

Similar to that observed for Na+, salinity increased the Cl- 
content in all organs of both genotypes (Figure 2). However, 
contrary to the Na+ content in the salt treatment, which 
remained relatively stable, the Cl- content increased with the 
duration of exposure to salt stress. 
For all parts of plants, the Cl- contents under the salt 
treatment were similar between genotypes. The mean 
contents obtained in the leaves were 0.67 mmol g-1 DM 
(TFA) and 0.56 mmol g-1 DM (GM), in the stem were 0.56 
mmol g-1 DM (TFA) and 50 mmol g-1 DM (GM), and in the 

roots were 0.53 mmol g-1 DM (TFA) and 0.47 mmol g-1 DM 
(GM). 
It can be observed that, when compared to Na+, the uptake 
and transport of Cl- to shoot seems to be less controlled, 
since the Cl- was distributed in a similar way among the plant 
organs. Ning et al. (2015) also found similar results for basil 
and reported that the non-restriction of Cl- to shoot may be 
linked to mechanisms related to NaCl toxicity. Compared 
with Na+, the more pronounced accumulation of Cl- in the 
leaves suggests a higher participation of this ion for the 
osmotic adjustment in this organ. 
It is observed that under salt stress, the K+ content in both 
genotypes was increased in the leaf and decreased in the 
stem and root (Figure 3). In roots, the NaCl-induced 
decrease in K+ content was more pronounced at 8 and 16 
days in both TFA (65%) and GM (77%) genotypes. It was also 
observed that in the salt stress treatment, the mean K+ 
content in the leaf did not vary until 24 days of cultivation, 
for both genotypes. However, at 32 days of cultivation, K+ 
content increased by 37% in the TFA and decreased 17% in 
GM. Thus, the K+ content at 32 days in TFA (2.65 mmol g-1 
DM) was 47% higher than that of GM (1.80 mmol g-1 DM). 
The salt-induced reduction of K+ content only occurred in the 
stem and root, corroborating the results of Ferreira-Silva et 
al. (2008). Although K+ content in the leaves of both 
genotypes remained above normal levels (control 
treatment), at the end of the experimental period the 
increase in the K+ content in TFA suggests a better 
maintenance in the osmotic and physiological regulation of 
this genotype, in relation to the GM. It can be considered 
that, among the inorganic solutes accumulated in the leaves, 
Cl- and K+ are the ions of greater contribution to the osmotic 
adjustment in the basil. 
 
Effect of salt stress on contents of organics solutes   
 
It was observed that the salinity did not affect the soluble 
carbohydrate content in leaves and roots of TFA genotype 
(Figures 4A and 4C). However, in GM genotype, the salt 
stress increased on average 42% the leaf carbohydrate 
content when compared to control, but did not affect these 
solutes in the roots (Figures 4B and 4D). The free amino acid 
content in leaf and root of TFA genotype in the different 
period were respectively, on average 57 and 29% higher 
than the control (Figures 4E and 4G). However, in leaf and 
root of GM the free amino acid content was not affected by 
salt stress (Figures 4F and 4H), except at 32 DAE in root. 
The organic solutes are important molecules related to the 
survival of the glycophytes species under salt conditions, 
being considered important physiological markers (Azevedo 
Neto et al., 2004). The accumulation of amino acids and 
soluble carbohydrates often presents a greater contribution 
to the osmotic potential when compared to the other 
compatible organic solutes (Silva et al., 2009). However, in 
this study, a higher increase of free amino acids suggests a 
greater relative importance of this solute. Considering that 
the free amino acids content increased significantly only in 
TFA genotype (salt-tolerant), these results suggest that the 
increase of the free amino acids content in the leaves and 
roots is related to the salt-tolerance in basil. 
Regarding the soluble proteins, no substantial changes were 
observed in both genotypes when the control and salt stress 
treatments were compared (Figures 5A-5D). In this way the  
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                              Table 1. Composition* of standard nutrient solution of Furlani (1998) utilized in the study. 

Fertilizers ---------- g 1000L-1---------- 

Calcium nitrate dihydrate 750 
Potassium nitrate 500 
Mono ammonium phosphate 150 
Magnesium sulphate 400 
Copper sulphate 0.15 
Zinc sulphate 0.3 
Manganese sulphate 1.5 
Boric acid 1.8 
Sodium molybedate 0.15 
Tenso-Fe (FeEDDHMA 6%) 34.67 

* Concentration of nutrients (mg L-1): N-NH4=24; N-NO3=173.75; P=39; K=182.5; Ca=142.5; Mg=40; S=52; B=0.255; Cu=0.0195; Fe=1.79; Mn=0.39; Mo=0.0585; Zn=0.066. 
 

 
Fig 1. Na+ content in leaves (A, B), stem (C, D) and roots (E, F) in two basil genotypes cultivated for 32 days in a hydroponic system 
under control conditions () or presence of 80 mM NaCl () in the nutrient solution. The dots indicate the means of six replicates 
and the bars the standard deviations. 
 

 
Fig 2. Cl- content in leaves (A, B), stem (C, D) and roots (E, F) in two basil genotypes cultivated for 32 days in a hydroponic system 
under control conditions () or presence of 80 mM NaCl () in the nutrient solution. The dots indicate the means of six replicates 
and the bars the standard deviations. 
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Fig 3. K+ content in leaves (A, B), stem (C, D) and roots (E, F) in two basil genotypes cultivated for 32 days in hydroponic system 
under control conditions () or presence of 80 mM NaCl () in the nutrient solution. The dots indicate the means of six replicates 
and the bars the standard deviations. 
 

 
Fig 4. Soluble carbohydrate and free amino acids content in leaves (A, B, E and F) and roots (B, C, G and H) in two basil genotypes 
cultivated for 32 days in hydroponic system under control conditions () or presence of 80 mM NaCl () in the nutrient solution. 
The dots indicate the means of six replicates and the bars the standard deviations.  
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Fig 5. Soluble protein and free proline content in leaves (A, B, E, F) and roots (C, D, G, H) in two basil genotypes cultivated for 32 
days in hydroponic system under control conditions () or presence of 80 mM NaCl () in the nutrient solution. The dots indicate 
the means of six replicates and the bars the standard deviations. 
 

 
Fig 6. Chlorophyll a - Chla (A, B), chlorophyll b - Chlb (C, D) and carotenoids - Car (E, F) content of two basil genotypes cultivated for 
32 days in a hydroponic system under control conditions () or presence of 80 mM NaCl () in the nutrient solution. The dots 
indicate the means of six replicates and the bars the standard deviations. 
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Fig 7. Oil content (A), oil yield (B) and oil productivity (C) in two basil genotypes cultivated for 32 days in a hydroponic system under 
control conditions () or 80 mM NaCl () in the nutrient solution. Means followed by different small letters (in each genotype) 
and different capital letters (between genotypes in the same treatment) are statistically different (p≤0.05), according to Tukey’s 
test. Vertical lines in the bars indicate the standard deviations of six replicates. 

 
accumulation of soluble proteins showed no relation with 
basil tolerance or sensitivity to salt stress. Salinity increased 
the free proline content in leaves and roots of the two 
genotypes (Figures 5E-5H). In leaves, mean free proline 
concentrations in salt treatment were similar, 1.63 mmol g-1 
DM (TFA) and 1.35 mmol g-1 DM (GM). However, in roots the 
GM genotype (3.12 mmol g-1 DM) had twice the free proline 
when compared to the TFA (1.48 mmol g-1 DM). 
According to Iqbal et al. (2014), the proline accumulation is 
one of the mechanisms used by plants to mitigate the 
effects of salt stress. However, other authors argue that the 
proline accumulation is insufficient to promote the osmotic 
adjustment. According to Cova et al. (2016), the quantitative 
contribution of proline to osmotic adjustment in noni 
(Morinda citrifolia L.) was not significant. These authors 
suggest that the salt-induced increase in proline 
concentrations plays another role in salt stress acclimation 
or is an indicator of salt-induced metabolic disturbances. 
In the present study, in spite of the higher proline content in 
GM roots, the significant increase of proline in stressed 
leaves and roots of both genotypes seems to be related to 
its role as a signalling molecule of salt stress damage, as 
suggested by Cova et al. (2016). From the point of view of 
osmotic adjustment, the concentrations of soluble 
carbohydrates and free amino acids were quantitatively 
much higher than that of proline, corroborating with Oliveira 
et al. (2013), who consider that proline levels are not 
sufficient for a significant contribution in the osmotic 
adjustment. Lacerda et al. (2003), consider that the 
accumulation of osmolytes, especially proline, did not seem 
to be related to salt-tolerance in sorghum, but to a 
consequence of tissue dehydration. 

Effect of salt stress on photosynthetic pigments   
 
Salinity did not change content of the photosynthetic 
pigments in the TFA genotype (Figures 6A, 6C and 6E), but 
induced a mean increase in the Chla (64%), Chlb (58%) and 
Car (34%) content in GM genotype (Figures 6B, 6D and 6F). 
Considering that the content of pigments was not changed 
in TFA (salt-tolerant genotype) and increased in GM (salt-
sensitive genotype), the results suggest that the variation of 
the pigments content is not a good indicator for the salt-
tolerance in basil. Bernstein et al. (2010) also observed that 
the concentrations of Chla and Chlb in basil were not 
significantly altered by salinity. 
As observed in the GM genotype the salt-induced increase in 
chlorophyll content was also reported in Ananas porteanus 
(Mendes et al., 2011). The authors associated this increase 
to the activation of the photosynthetic apparatus protection 
mechanism, by increasing the size or number of 
chloroplasts. 
Under salt stress, plants present different responses to the 
carotenoids accumulation (Mane et al., 2010), which are 
photoprotective pigments integrated into the membranes 
(Taibi et al., 2016). In addition, carotenoids are also involved 
in the defence mechanisms against oxidative stress 
(Bernstein et al., 2010; Taibi et al., 2016). Thus, the increase 
of carotenoids in stressed plants of salt-sensitive genotype 
(GM) suggests a greater need to dissipate excess light 
energy, and to remove reactive oxygen species. 
As the increase of the chlorophyll and carotenoid contents 
was only observed in the genotype that presented the 
highest biomass reduction, the data suggest that this 
increase may be the result of a concentration effect. On the 
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other hand, the higher reduction of the growth of this 
genotype may, at least in part, be explained by the higher 
energy cost in the pigment biosynthesis for the 
photosynthesis maintenance and photosynthetic apparatus 
protection. 
 
Effect of salt stress on content and productivity of essential 
oil  
 
Salt stress reduced by 30% the essential oil content in the 
TFA genotype, but it increased 244% in GM (Figure 7A). 
Consequently, the yield and productivity decreased, 
respectively, 68 and 35% in TFA and increased 70 and 240% 
in GM (Figures 7B and 7C). However, oil content of the TFA 
genotype was 9 and 2-fold higher than GM genotypes, in the 
control and salt conditions, respectively. In aromatic plants 
the production and biosynthesis of secondary metabolites 
are strongly influenced by biotic and abiotic stresses (Çoban 
and Baydar, 2016). Under salt conditions, the essential oil 
content in plants may decrease (Khorasaninejad et al., 
2010), increase (Bernstein et al., 2010) or not change 
(Ragagnin et al., 2014), depending on the species studied. It 
has been reported that the increase in oil content is 
commonly followed by restriction of biomass production 
(Valifard et al., 2014; Rebey et al., 2017). Bernstein et al. 
(2010), relate the increase in oil production with 
considerable reductions in biomass, that is, for these authors 
the increase in oil content is not necessarily a stimulus of its 
biosynthesis, but a concentration effect. However, the data 
suggest that in the GM, the increase in essential oil content 
under stress conditions is related to the biosynthesis 
stimulation, since the increase in the essential oil content 
(244%) was much higher than the dry mass reduction (61%), 
which cannot be explained only by the concentration effect. 
In contrast to GM, the reduction in oil content in TFA 
genotype associated with no change in leaf biomass 
indicates that salt stress reduced oil biosynthesis in this 
genotype. Even with the reduction of the essential oil 
content in TFA, the oil productivity of this genotype (0.0679 
mL m-1 tube) was 82% higher than that of GM (0.0374 mL m-

1 tube). The essential oil content is a variable that can affect 
the economic value of this crop, because it is directly related 
to yield and productivity. In this study, although the salinity 
increases the productivity of the GM genotype and 
decreases that of TFA, from the economic point of view, the 
TFA showed to be most indicated than the GM for 
hydroponic production with brackish waters as for as oil 
production is concerned.Another important aspect to 
consider is the intensity of stress on oil production. As an 
example, Valifard et al. (2014), demonstrated that the 
essential oil content in Salvia mirzayanii varies according to 
salinity in the root environment. As the essential oil content 
in our study was evaluated only at two NaCl concentrations 
(0 and 80 mM), further studies are required to identify the 
salinity level capable of inducing maximum oil yield, mainly 
in TFA genotype. 

 
Materials and methods 
 
Location, experimental procedure and treatments 
 
The experiment was carried out in a greenhouse of the 
graduate Program in Agricultural Engineering, at the Federal 

University of Reconcavo of Bahia, in Cruz das Almas-BA, 
Brazil (12º40'19"S, 39º6'23"W). The experiment was carried 
in a hydroponic system type DFT (Deep Flow Technique) 
adapted in PVC tubes. The seedlings were prepared from 
seeds obtained from Isla Sementes Ltda®. The genotypes 
‘Toscano folha de alface’ (TFA) and ‘Gennaro de menta’ 
(GM), were classified as salt-tolerant and salt-sensitive in a 
preliminary experiment (Menezes et al., 2017) in which, it 
was found that 80 mM NaCl did not affect the biomass 
production of the leaves of the TFA, but decreased it by 61% 
in case of GM. The experimental design was a randomized 
block in factorial arrangement with 2 (genotypes) × 2 (salt 
levels), and six replications, each consisting of 12 plants. 
The seeds were sown in 150 mL plastic cups containing 
washed coconut fiber, irrigated daily with water from the 
local supply company. At 19 days after emergence (DAE), 
with the second pair of leaves fully expanded, the seedlings 
were transferred to the DFT hydroponic cultivation system 
(Menezes et al., 2017), with plant spacing of 0.20 m. 
The nutrient solution (NS) of Furlani (1998), specific for leafy 
vegetables (Table 1), was used for the cultivation. After 2 
days of acclimation, the seedlings received respective salt 
treatments (0 - control or 80 mM NaCl). NaCl was gradually 
added, 40 mM per day-1, to avoid osmotic shock. The 
electrical conductivities of the NS were 2.0 dS m-1 and 10 dS 
m-1, respectively, for the non-salt and salt treatment. 
Renewal of NS was performed every 10 days to avoid 
changes in electrical conductivities and NaCl concentrations. 
The pH was monitored daily and maintained at 6.0 ± 0.5 with 
the addition of NaOH or HCl. The aeration of the NS was 
performed through recirculation, every three hours, for 0.5 h 
and triggered by digital timer. 
Plants were grown in deep flow technique (DFT) adapted in 
6-m-long PVC tubes in a low cost hydroponic system type 
pyramid (Santos Júnior et al., 2016). Each treatment 
consisted of a plastic tank to store the nutrient solution in 
the absence or presence of 80 mM of NaCl. 
 
Determination of contents of norganic and organic solutes 
 
Plants were grown over a 32 days period (54 DAE). The 
beginning of flowering for salt stress treatment was 
considered the end of the experimental period. Four 
harvests were performed during the experimental period at 
8, 16, 24 and 32 days after stress application. Two plants per 
treatment were used in each harvest. The plants were 
separated into leaves, stems and roots, and dried in an oven 
with air circulation at 45 °C for 72 h. 
For determination of contents of sodium (Na+), potassium 
(K+), and chloride (Cl-) extracts of plant material were 
prepared according to the methodologies described by Cova 
et al. (2016).  
The preparation of extracts and the determination of soluble 
carbohydrates, free amino acids, soluble proteins, and free 
proline were carried out as described by Sacramento et al. 
(2014).  
 
Determination of contents of photosynthetic pigments  
 
Chlorophyll a (Chla), chlorophyll b (Chlb), and carotenoids 
(Car) content was determined in a spectrophotometer at 
649, 664, and 470 nm. Ethanolic extracts were prepared 
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according to the methodology recommended by 
Lichtenthaler and Buschmann (2001). 
 
Extraction and quantification of essential oil 
 
Extraction of essential oil was carried out by hydrodistillation 
in the Clevenger apparatus, using 16 g of dried (45 °C) basil 
leaves. Preliminary tests with the samples showed that the 
stem of basil does not contain essential oil. The extraction 
process was carried out for 2 h, counted from the 
condensation of the first drop, and the volume of oil 
extracted was measured in the graduated Clevenger column. 
From the volume of essential oil collected, the content, yield 
and productivity of the essential oil were calculated. The 
percentage oil content was calculated according to Zenebon 
et al. (2008). The oil yield plant-1 was calculated by 
multiplying the essential oil content (%) and the total leaf 
dry mass, divided by 100. To calculate the oil productivity m-

1 hydroponic channel (tube), the oil yield plant-1 was 
multiplied by the number of plants per linear meter of tube. 
 
Statistical analysis 
 
The results of the masses, organic and inorganic solutes 
contents and pigments were submitted to analysis of 
variance (F test) and the mean values were compared by 
their respective standard deviations, according to Snedecor 
(1956). For the essential oil content, the results were 
submitted to analysis of variance and the means were 
compared by Tukey’s multiple range test at 0.05 probability 
using the software SISVAR 4.6 (Ferreira, 2011). 
 
Conclusions 
 
Inorganic solutes content (Na+, Cl- and K+) are not good 
indicators of salt-tolerance in the studied basil genotypes. 
Among the organic solutes, the increase of the free amino 
acids content in the leaves and roots is related to the salt-
tolerance in basil. The variation of the photosynthetic 
pigments is not related to salt-tolerance or salt sensitivity in 
the studied genotypes. The salinity of 80 mM NaCl induces 
essential oil biosynthesis in the ‘Gennaro de menta’ (GM) 
genotype and inhibits in the ‘Toscano folha de alface (TFA), 
however the TFA shows higher productivity and is the most 
suitable for oil production in hydroponic cultivation at this 
salt level. 
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