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Abstract
The effect of the application of reclaimed water and saline water on physiological parameters in Ocimum basilicum L. 
plants were studied to evaluate their adaptability to irrigation with saline water, as well as to evaluate the applicability 
of wastewater as a source for irrigation. Plants of O. basilicum grown under greenhouse conditions were submitted to 
different irrigation treatments: control (deionized water 3.10–6 dS m−1), deionized water supplemented with 15 mM NaCl 
(1.70 dS m−1), deionized water supplemented with 30 mM NaCl (2.46 dS m−1) and ozonized reclaimed water (0.709 dS 
m−1). The results show that reclaimed water did not promote reduction in water potential of leaf. Likewise, growth-related 
parameters were not affected by the application of this treatment. The analysis of nutrients composition in the vegetal 
tissues verified a marked effect of the Na + exclusion in the root tissues. It did not happen occurred in the roots with the 
same proportion as in the foliar tissues. Considering the results, the ozonized reclaimed water (0.709 dS m−1) can be an 
alternative for irrigation of O. basilicum L., if it is properly managed.
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1  Introduction

The efficient use of water is a subject of great importance 
for social, economic and environmental needs. In regions 
where scarcity and poor distribution of rainfall are limiting 
factors for water use, wastewater is an effective alternative 
to irrigation. In the agricultural sector the use of reclaimed 
water in the irrigation of plants has demonstrated eco-
nomic, agronomic and environmental importance [1–3]. 
However, its use is still limited in Brazil.

Reclaimed water is known as low quality and depend-
ing on its source may contain several types of salts that 
can cause salinity problems when not managed properly 
in irrigation [4].

On the other hand, reclaimed water can be an impor-
tant nutritional source for plants due to the considerable 
presence of essential nutrients for their development [5]. 
However, the effect of the use of this resource for irrigation 
will depend on the treatment applied to water, its origin 
and the tolerance to salts of the species to be cultivated 
[6]. The effects of irrigation with saline water vary accord-
ing to the different tolerance groups, classified as gly-
cophytes or halophytes; between different species of the 
same family and genus and between cultivars; moreover 
it depends on the intensity and duration of the stress, that 
is, the levels of salts in the irrigation water and the time of 
exposure [7].Water salinity used for irrigation can rapidly 
affect plants [4, 8, 9], especially when the concentration 
of dissolved salts in the soil solution increases, which can 
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reduce the osmotic and water potential, decreasing the 
availability of water and nutrients [10] which may lead the 
plants to conditions of water stress or physiological dry 
[11].

Na+ in high concentrations in the soil can interfere 
directly with the root absorption of other nutrients such 
as K+ and Ca+. Although there are several channels of 
entry through the roots plasma membrane, Na+ can pass 
through specific channels of the entrance of other nutri-
ents [5] promoting a nutritional imbalance.

Basil belongs to the Lamiaceae family, originating from 
Southwest Asia and Central Africa [12]. The Ocimum genus 
comprises around 3,200 species [13] and is considered 
one of the largest genera in the Lamiaceae family, which 
are distributed throughout Tropical Asia, Africa, Central 
America, South America and Europe [14]. There are a large 
number of species of the Ocimum genus that are known 
to have several medicinal properties: Ocimum tenuiflo-
rum L., Ocimum gratissimum L., Ocimum americanum L., O. 
basilicum L. among others [15]. Among the various species 
of the basil genus, O. basilicum L. is considered the most 
important due to the production of aromatic essential oil.

This study aims to know the nutritional, osmotic and 
/ or saline effects derived from reclaimed water on the 
response to the physiological behavior of O. basilicum L. 
Furthermore, it aimed to know the benefits of reclaimed 
water as irrigation source.

2 � Materials and methods

The study was performed at São Paulo State University, in 
the Department of Chemistry and Biochemistry-IB/UNESP, 
Botucatu-SP, from January 3 to April 4, 2017 in an agricul-
tural greenhouse with an area of 59.4 m2, height of 3 m, 
at 22°52′55 "S and 48°26′22"W and approximately 840 m 
of altitude. Botucatu, located in the State of São Paulo—
Brazil, presents hot (mesothermic) and humid temperate 
climate, with an average annual temperature of 20.5 ºC 
[16]. Basil seeds (cv. Genovese), were sown on honeycomb 
trays and cultivated until the emergence of the first pair of 
true leaves. After this period, seedlings were transplanted 
to 5-L pots (a seedling per pot) with medium textured 
(Led) Dark Red Latosol, according to the classification 
made by Carvalho [17]. With the result of the soil analysis, 
the need for dolomitic limestone for soil correction was 
calculated according to the fertilization recommendation 
[18]. During germination, the substrate was kept saturated 
through daily irrigations with deionized water until the 
treatments application.The drainage of the vessels was 
handled in a natural way. Reclaimed water (final treated 
sewage effluent) used in the experiment came from the 
sewage treatment plant in Botucatu, SP-Brazil, operated by 

SABESP (Basic Sanitation Company of São Paulo). For its use 
as an irrigation treatment in basil plants, it was submitted 
to three processes: decantation, sand filtration and ozone 
treatment. After this process, physical–chemical (Table 1) 
and microbiological analyzes of reclaimed water were 
performed, attesting that all the values were below the 
maximum limits allowed for the use of this type of water.

Irrigation of the different water qualities was performed 
by drip system. Plants were irrigated with deionized water 
until the treatments application, which started at the flow-
ering stage of the crop.

Irrigation management was based on the curve of water 
retention, aiming to maintain soil water content in field 
capacity. The method of tensiometry was used to monitor 
water content in the soil. The readings were performed 
from 8 to 10 a.m. before the application of the irrigation 
blade and the values were converted to soil water poten-
tial (-Ψm) in KPa unit, following the model described by 
Van Genuchten [19]. The control of the climatic conditions 
of the greenhouse was monitored via datalogger to record 
temperature and relative humidity. The maximum temper-
ature ranged from 25 to 41.4 ºC; the minimum tempera-
ture varied from 9.8 to 19.9 ºC and the relative humidity 
varied from 46 to 67.5%. The parameters were evaluated 

Table 1   Analysis of nutrients from reuse water collected in the final 
effluent of SABESP (Basic Sanitation Company of São Paulo, Brazil) 
and after the process of treatment via ozonation

Water quality parameters Wastewater Ozonized 
waste 
water

Units

Aspect yellowish yellowish –
Total alcalinity 96.1 76.5 mg CaCO3 L−1

Color 20 15 –
Calcium 24,9 19.2 mg L−1

Chlorid 92,6 90.4 mg L−1

Eletric conductivity (EC) 507 432 µS cm
Total organic carbon 37.8 30.4 mg L−1

Total hardness 76.0 68.0 mg CaCO3 L−1

Calcium hardness 62.0 48.0 mg CaCO3 L−1

Magnesium hardness 11.8 16.8 mg CaCO3 L−1

Total iron 0.12 0.19 mg L−1

Fluorid 0.79 0.77 mg L−1

Total phosphor 2.68 3.64 mg L−1

Magnesium 2.9 4.1 mg L−1

Nitrate 33.32 36.81 mg L−1

Nitrite 0.04 4.20 mg L−1

Total nitrogen 12.3 9.5 mg L−1

pH 7.26 6.65 –
Sulfate 73.4 62.9 mg L−1

Total dissolved solids 450 448 mg L−1

Turbidity 2.04 2.25 NTU
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at 1, 7, 14, 21, 28 and 35 days after flowering (DAF), during 
the experiment.

The trial was installed in a completely randomized 
design, consisting of 4 treatments with 3 repetitions each. 
The experiment was considered as bifactorial with 3 repli-
cations, having as main factor the 4 irrigation treatments 
that differ in the quality of the applied water and the 
secondary factor composed by the number of days after 
flowering, which was variable according to each param-
eter evaluated. It was composed of 4 groups with different 
water qualities: (T1—Deionized Water (Control), EC = 3.10–6 
dS m−1; T2—deionized water supplemented with 15 mM 
NaCl, EC = 1.70 dS m−1; T3—ozonized reclaimed water, 
EC = 0.709 dS m−1; T4—deionized water supplemented 
with 30 mM NaCl, EC = 2.46 dS m−1) with 3 replicates each.

Leaf water potential (Ψwl) was determined using the 
pressure chamber (SAPS II—System Analysis of Plant 
Stress, mod. 3115) following the technique described by 
Scholander [20]. The determinations were performed in 
full expanded leafs, at the isohydric pre-dawn time, taking 
6 plants per treatment with 2 plants per repetition. The soil 
was irrigated to field capacity 12 h before Ψwl readings.

The relative water content (RWC) was determined [21] 
from the following expression: RWC = [(FM-DM) / (DM-TM)] 
* 100 where: FM, DM and TM represent, respectively, fresh 
mass, dry mass and turgid mass of leaf discs with diameter 
of 1cm2, cut from the middle third of 3 plants per treat-
ment, with 1 per replicate. In the determination of dry 
mass, the leaf discs were dried in an oven at 50 ºC until 
constant weight. For the analysis of growth and biomass 
parameters, 6 plants per treatment were evaluated, with 
2 plants per replicate. In each analyzed plant, the height 
and stem diameter were measured and the total number 
of leaves per plant was counted. Afterwards, all leaves of 
each plant were measured by leaf area integrator LiCOR 
model LI-3000.

To determinate fresh matter mass (FMM) and dry matter 
mass (DMM) of the plant material expressed in g plant−1, 
the following parameters were analyzed: Fresh leaf mass 
(FLM); Fresh stem mass (FSM); Leaf dry mass (LDM); Dry 
stem mass (DSM) and Root dry mass (RDM). For this deter-
mination, the material was packed in paper bags and after 
weighing the fresh matter, they were kept in an oven with 
air circulation at 30  ± 5 ºC until constant weight for later 
measurement of the DMM.

With data obtained in the parameter of growth and 
plant biomass, it was possible to determine the following 
growth rates [22]: SLA, (Specific Leaf Area) which indicates 
the relationship between leaf area (LA) and leaf dry mass 
(LDM), calculated by the expression: SLA = LA/W (leaf area/
LDM), expressed in cm2 leaves total g−1 total DM.

LWR (Leaf Weight Ratio) that informs the fraction of the 
total biomass applied in the leaves. It can be calculated 

according to the expression: LWR = LDM/TDM (Dry leaf 
mass/Total dry mass), expressed in g DM leaves g

−1 total DM.
LAR (Leaf Area Ratio is the relation of leaf surface) which 

reflects on the size of the photosynthetic surface rela-
tive to the respiratory mass according to the expression: 
LAR = LA/ total DM (Leaf area/Total dry mass), expressed in 
m2 leaves g

−1 MS plants.
The analysis of leaves and roots nutrients of O. basilicum 

L was performed following routine methodology [23]. For 
nutritional analysis of the leaves and roots of O. basilicum, 3 
plants were collected per treatment, 1 by repetition. After 
separation into leaves and roots, the plant material was 
dried in an oven at 30 ºC until constant mass. The tissues 
were ground and analyzed at the FCA/UNESP Plant Mineral 
Nutrition Lab, to determine macro and micronutrients.

F-test was used with the aid of ASSISTAT statistical pro-
gram 7.6 [24] to evaluate the effects of the different water 
qualities on the studied variables.

3 � Results and discussion

The application of saline treatments (15 and 30 Mm NaCl) 
significantly reduced leaf water potential (Ψwl) of basil 
plants (Fig. 1), from the 14th day after flowering (p ≤ 0.01) 
and this effect became more accentuated as the days pro-
gressed, differing from the control and reclaimed water 
treatments. On the contrary, the treatment with reclaimed 
water, which did not differ from the control during the 
whole experiment, indicated that the salts did not pro-
mote restriction in water absorption and did not reduce 
the water potential in plants of O. basilicum L. Depending 
on the salt concentrations in water, these salts may accu-
mulate around the roots. This accumulation can result in 
decrease of water potential of this region, increasing the 
difficulty of plants in absorbing water by the roots [25]. 
Plants can lose water inside the roots instead of absorbing 
it, because its osmotic potential is higher than soil’s, which 
is the major cause of the reduction in plant growth [8].

Although there was a significant reduction of water 
potential in plants in both saline treatments (15 and 
30 mM NaCl), it is not possible to characterize these values 
as indicative of water stress. Generally, water potentials 
with values from -6.2 kPa are considered slightly stress-
ful for basil [26]. In the present study, the lowest value 
we found for this variable was -3.41 kPa in the treatment 
with 30 mM NaCl (Fig. 1) that can be considered above the 
potentials found in plants under water stress, indicating 
that plants of all treatments remained well hydrated.

In contrast to the water potential, the application of 
the different qualities of water did not promote alteration 
in the relative water content (RWC) that remained stable 
during the 1st, 14th and 28th DAF (Fig. 2). The results 
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evidenced in this work show that the irrigation of plants 
with reclaimed water did not bring any harm to the avail-
ability of water in the foliar tissues with a similar result 
to the control treatment. Similarly, saline treatments were 
not able to significantly alter this variable (Fig. 2). Similar 
results [27] were found for cowpea seedlings exposed to 
concentrations of 0, 25, 50, 75 and 100 mM NaCl in which 
there was no change in RWC.

Decreased RWC in plant tissues is generally related to 
the difficulty of cell expansion, development of tissues, 
besides affecting several metabolic processes. Some 
authors [28, 29] reports that when the plants are sub-
mitted to water stress, the growth processes are rapidly 

affected. In this study, this condition is not observed since 
the growth parameters in O. basilicum L. crop as: plant 
height, stem diameter, leaf area and number of leaves 
were not significantly altered by the application of the 
different qualities of water (Table 2).

Likewise, Tarchoune et al. [30] evaluating the effect of 
salinity on plants of O. basilicum L. cv. Genovese, observed 
that the concentrations of 50 mM NaCl applied in hydro-
ponic solution did not promote significant changes in 
growth parameters (leaf, stem and root, dry weight, leaf 
area, shoot height and root length) remaining constant 
in comparison with the control. According to Prisco and 
Gomes, (2010) [31], changes in plant growth subjected to 

Fig. 1   Water potential KPa (Ψw 
leaf ) in plants of O. basilicum L. 
irrigated with different quali-
ties of water. Means followed 
by the same letter represents 
the comparison between treat-
ments by the Tukey’s test at 1% 
probability
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salinity will depend on the stress characteristics, such as 
the concentration and ionic composition of the solution in 
soil, root or shoot part exposed to stress and how stress is 
applied. The same authors affirm that the stress character-
istics can result in tolerance or susceptibility of the plant, 
depending on the capacity of response or adaptation to 
the applied stress.

The fresh leaf mass (FLM) and fresh stem mass (FSM) did 
not change due to the application of different water quali-
ties used in the irrigation. However, when leaf dry mass 
(LDM) production was evaluated, it was observed that the 
treatment with higher salt concentration promoted the 
reduction of this variable (Table 3). This decrease in growth 
can be understood as a physiological mechanism to mini-
mize the loss of water by transpiration [32]. The highest 
total dry mass accumulation (TDM) was observed in the 
treatment with 15 mM NaCl and reclaimed water. When 
the partitioning of these assimilates is considered in dif-
ferent plant structures, the highest accumulation of leaf 
dry mass (LDM), shoot dry mas (ShDM) and root dry mass 
(RDM) was observed in the treatment with 15 mM NaCl. 
This fact is an indication that in the lower concentration 
of NaCl, plants may have invested more in RDM, which is 
numerically (but not statistically) higher in the treatment 
15 mM NaCl and may justify the higher production of TDM 
in this treatment (Table 3). According to Acosta-Motos 
et  al. [7] an adequate root system can guarantee the 

uptake of water and nutrients and improve the resistance 
of plants to saline conditions. It was verified that plants 
irrigated with reclaimed water showed higher DSM at 35 
DAF, showing a probable acceleration of stem biomass 
accumulation in the last days (Table 3). The fact of TDM 
being higher due to the irrigation with reclaimed water 
with results superior to the control (Table 3), reflects a 
good response of the plants to this treatment. Bione et al. 
[33] states that the crop of O. basilicum L. can be classified 
as tolerant to irrigation water salinity levels up to 1.70 dS 
m−1 and to values between 3.80 and 6.08 dS m−1 classified 
as moderately sensitive, following the criteria presented by 
Fageria et al. (2010) [34].

Tarchoune et al. [30] evaluating the effect of salinity 
on physiological aspects of O. basilicum L. cv. Genovese, 
observed that the concentration of 50 mM NaCl applied in 
hydroponic solution did not promote significant changes 
in the production of dry mass of the plants.

Based on the observed data for leaf area and fresh/dry 
matter of the different plant organs, an allocation study 
by growth rates was performed. These rates allowed to 
evaluate biomass fractions invested in different parts of 
the plant, which may reflect development strategies and 
establishment of tolerance to the physical environmental 
factors (saline water and reclaimed water).

SLA is calculated by dividing the total leaf area of a 
plant by the dry mass of its leaves. The values found in 

Table 2   Growth of O. basilicum 
L. irrigated with different water 
qualities

Tukey’s test: *p ≤ 0.05; **p ≤ 0.01; ns not significant

Parameters Treatments Days after flowering

1 7 21 28 35

Height (cm) Control 50.00 50.50 70.50 76.33 71.66
15 mM NaCl 49.66 50.83 70.16 77.16 79.16
Reclaimed water 49.00 51.16 66.66 76.00 76.50
30 mM NaCl 48.33 50.66 73.16 77.50 76.33

ns ns ns ns ns
Stem diameter (mm) Control 5.00 5.66 6.50 6.50 6.50

15 mM NaCl 5.00 6.16 6.50 6.58 6.16
Reclaimed water 5.00 5.50 6.33 6.83 6.33
30 mM NaCl 5.00 5.33 6.00 6.66 6.66

ns ns ns ns ns
Leaf area
(m2 of leaf plant−1)

Control 0.05 0.11 0.12 0.15 0.14
15 mM NaCl 0.04 0.11 0.14 0.12 0.12
Reclaimed water 0.05 0.10 0.14 0.13 0.13
30 mM NaCl 0.05 0.08 0.11 0.12 0.11

ns ns ns ns ns
Number of leaves Control 107 140 215 231 209

15 mM NaCl 108 153 209 229 240
Reclaimed water 107 140 180 242 253
30 mM NaCl 100 128 208 233 229

ns ns ns ns ns
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this relation indicate the relationship between the area 
and the leaf mass. In this experiment, no significant dif-
ferences between the different qualities of water were 
identified (Table 4).

Although it is not confirmed by statistical analysis, 
saline treatments apparently showed a decrease in SLA 
in the mean of treatments (Table 4). Considering only 
as a trend, this effect confirms a reaction that can be 
observed in many short-cycle vegetables under stress. In 
this case, the decrease in leaf area seems to be a strategy 

to resist the osmotic and ionic effect of the salts and to 
maintain high water potential.

Likewise, for the size of the photosynthetic surface in 
relation to the respiratory mass of the plants, obtained by 
the ratio between the Leaf Area and total dry mass (LAR), 
the lowest results were obtained for saline treatments (15 
and 30 mM NaCl) (Table 4).

According to Benincasa (2003) [35], the size of the pho-
tosynthetic surface in relation to the respiratory mass rep-
resents the useful leaf area for photosynthesis, with the 

Table 3   Plant biomass of O. basilicum L. irrigated with different qualities of water

Tukey test: *p ≤ 0.05; **p ≤ 0.01; ns not significant

Parameters Treatments Days after flowering

1 7 21 28 35

Leaf fresh mass
(LFM, g plant−1)

Control 15.20 33.16 51.48 46.87 38.33
15 mM NaCl 16.38 32.26 44.52 41.12 44.36
Reclaimed water 15.89 31.56 56.13 41.38 43.63
30 mM NaCl 15.02 26,10 42,17 37,35 36,65

ns ns ns ns ns
Stem fresh mass
(SFM, g plant−1)

Control 7.82 22.54 35.41 45.60 47.79 b
15 mM NaCl 8.08 24.70 39.34 42.62 53.76 ab
Reclaimed water 8.00 20.80 39.08 51.91 59.68 a
30 mM NaCl 8.17 18.63 39.26 46.45 49.03 b

ns ns ns ns *
Leaf dry mass (LDM, g plant−1) Control 2.86 5.72 7.00 8.25 7.16 a

15 mM NaCl 3.16 5.49 7.19 6.95 8.78 a
Reclaimed water 2.74 5.47 6.62 6.68 7.17 a
30 mM NaCl 2.86 4.44 6.38 6.47 6.70 b

ns ns ns ns *
Leaf, stem and root dry mass (TDM g plant−1) Control 5.14 12.19 16.81 21.64 24.08 b

15 mM NaCl 5.92 11.74 17.45 20.79 27.51 a
Reclaimed water 5.30 11.86 17.02 21.28 26.53 a
30 mM NaCl 5.39 10.24 16.96 19.25 23.93 b

ns ns ns ns *
Stem dry mass
(SDM, g plant−1)

Control 1.09 3.50 6.23 8.94 12.05 b
15 mM NaCl 1.18 3.67 7.03 8.83 13.70 ab
Reclimed water 1.10 3.58 6.87 9.76 14.58 a
30 mM NaCl 1.15 3.19 7.78 8.93 12.47 ab

ns ns ns ns *
Root dry mass
(RDM, g plant−1)

Control 1.18 2.96 3.58 4.43 4.86
15 mM NaCl 1.57 2.57 3.22 5.00 5.02
Reclaimed water 1.46 2.80 3.51 4.83 4.78
30 mM NaCl 1.37 2.60 2.79 3.84 4.74

ns ns ns ns ns
Shoot dry mass (leaf and stem) (ShDM, g plant−1) Control 3.96 9.22 13.23 17.20 19.22 b

15 mM NaCl 4.35 9.16 14.22 15.79 22.48 a
Reclaimed water 3.84 9.06 13.50 16.45 21.75 ab
30 mM NaCl 4.01 7.63 14.16 15.40 19.18 b

ns ns ns ns *
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ratio between the leaf area, responsible for the intercep-
tion of light energy and absorbed CO2 and total dry mass. 
It would be plausible the occurrence of LAR decrease in 
plants grown under salt stress as a mechanism to reduce 
water loss.

The fraction of total biomass allocated in the leaves 
(LWR- Leaf Weight Ratio) in O. basilicum L. (Table 4) shows 
that the application of the treatment with higher salinity 
irrigation (30 mM NaCl) gradually reduced leaf biomass 
at a faster rate than the other treatments. Regarding the 
treatment of irrigation with reclaimed water, there was 
also a decrease of LWR, but only from 21 DAF on, similar to 
the treatment with 15 mM NaCl and Control. As the com-
mercial interest of this crop is based mainly on the use of 
the leaves for the production of essential oil, production of 
drugs and cosmetics, the application of reclaimed water, 
although numerically lower than the means of the other 
treatments, did not affect the LWR (Table 4).

Acosta-Motos (2014) [36, 37] showed that reclaimed 
water used in irrigation with 8 dS m−1 electrical.

conductivity (EC) was able to promote SLA reduction 
and increase of LWR in ornamental plants of Eugenia myr-
tifolia and Myrtus communis. However, changes in these 
variables are observed with higher salinity levels than 
those applied in the present study. Thus, the evaluation 
of growth rates was not able to identify occurrences of 
changes promoted by the increase of salinity in this 
experiment.

The increase in the concentration of salts in the soil 
solution around the roots induces an increase in the flow 
of ions towards the epidermis cells, leading to elevation 
of the ionic concentrations in the apoplast near the 

plasma membrane [38]. The existence of membrane-
specific transporters promotes the entry of ions into the 
cytosol. Regarding K+ and Na+, which share the same car-
rier, the binding of the salts to the membrane carrier is 
facilitated by increasing the ion concentration in the soil 
solution. However, the disproportionate increase in the 
concentration of ions favors the transport of the more 
concentrated salt.

In this study, the concentration of K+ ion in the soil 
solution was higher in the saline treatments at the end of 
the crop cycle, indicating a lower absorption of this ion 
by the plants in these treatments (Table 5). This informa-
tion becomes more consistent when K+ concentration is 
numerically lower in the root tissues of the same treat-
ments (Table 5). Similarly, Na+ increased significantly 
(p ≤ 0.01) in the soil solution in saline treatments, which 
may have contributed to the limitation of K+ uptake in 
these treatments.

Among the factors studied to characterize the effects 
of saline stress, as well as the ability of plants to toler-
ate salinity, the nutritional state of the plants should be 
considered [11]. The elevation of Na+ concentration in 
the soil can directly interfere with the root absorption of 
other nutrients, such as K+ and Ca+. According to Tester 
and Davenport [39] as they share the same membrane 
co-transporter, K+ and Na+ are competing elements dur-
ing the process of root absorption. Thus, the adequate 
supply of K+ is fundamental to minimize the absorption 
of Na+. In addition, the ability to maintain high levels of 
K+ and Ca+ and low levels of Na+ in plant tissues is a key 
mechanism for greater tolerance to salinity [11].

Table 4   Growth rates in leaves 
of O. basilicum L. irrigated with 
different water qualities

Tukey’s test: *p ≤ 0.05; **p ≤ 0.01; ns not significant

Parameters Treatments Days after flowering

1 7 21 28 35

SLA
(cm2 leaves g−1 DM leaf )

Control 212.97 203.38 175.07 185.50 201.53
15 mM NaCl 189.35 202.32 199.99 179.02 139.95
Reclaimed water 214.82 199.16 214.21 202.83 182.27
30 mM NaCl 201.96 201.02 171.77 198.02 165.95

ns ns ns ns ns
LAR
(m2 leaves g−1 DM plant)

Control 0.0117 0.0096 0.0071 0.0071 0.0058
15 mM NaCl 0.0101 0.0095 0.0082 0.0060 0.0045
Reclaimed water 0.0112 0.0092 0.0083 0.0063 0.0049
30 mM NaCl 0.0108 0.0087 0.0064 0.0065 0.0046

ns ns ns ns ns
LWR
(g DM leaves g−1 total DM)

Control 0.55 0.47 0.41 0.38 0.29
15 mM NaCl 0.53 0.46 0.41 0.33 0.31
Reclaimed water 0.52 0.46 0.38 0.31 0.26
30 mM NaCl 0.53 0.43 0.37 0.33 0.27

ns ns ns ns ns
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Changes in leaf nutrient concentrations were observed 
in sulfur (S), manganese (Mn) and zinc (Zn) (Table 6). In 
the treatment with 15 mM NaCl (T2), a reduction of leaf S 
concentration was observed in comparison to the control, 
which is not different from the other treatments (Table 6). 
On the contrary, the element Mn presented greater accu-
mulation in the leaves of the saline treatments plants. Zn 
presented an increase in the treatment with the highest 
level of salinity (30 mM NaCl) and presented a greater leaf 
accumulation than the control. Although there were no 
significant differences for sodium (Na+), the treatments 
that received NaCl present numerically higher concentra-
tions of this element than the control and reclaimed water. 
It is important to note that the accumulation of Na+ for 
control and reclaimed water is similar (Table 6).

The evaluation of leaf nutrients indicated a tendency 
to increase the concentration of Na+ in O. basilicum L. 
between the 14th and 35th DAF. It was observed that the 
increase of Na+ coincides with the tendency of K+ reduc-
tion in the same period. This fact may be indicative of the 
occurrence of K+ and Na+ antagonism, with Na+ elevation 
probably favoring its absorption in detriment to K+ absorp-
tion. When the different water qualities are compared, 
greater Na+ leaf accumulation was observed in saline treat-
ments, although these results are not statistically signifi-
cant (Table 6).

When we consider root tissues, the treatments T2 
(15 mM NaCl) and T3 (reclaimed water) also presented a N+ 
increase being statistically superior to the control (T1) and 
30 mM NaCl (T4). The accumulation of P was higher in the 

Table 5   Mineral composition, 
pH and electrical conductivity 
of soil solution during 
cultivation of O. basilicum L. at 
the end of the vegetative stage

Means followed by the same letter represents the comparison between treatments by Tukey’s test at 
5% probability

Treatments P K Ca Mg Na pH EC
μg L−1 mS m−1

Control 0.63 ab 7.66 a 27.66 b 14.66 a 113 c 7.55 a 0.23 c
15 mM NaCl 0.67 a 14.00 a 142.33 a 75.00 a 30.600 b 6.95 a 2.77 b
Reclaimed water 0.54 b 9.33 a 86.33 ab 54.66 a 4656c 7.52 a 0.91 c
30 mM NaCl 0.54 b 12.66 a 135.33 a 73.00 a 72.933 a 6.79 a 4.72 a
CV% 6.54 26.71 39.67 51.55 20.74 5.15 28.14

Table 6   Composition of leaves nutrients of O. basilicum L. irrigated with different water qualities (T1—Control, T2—15  mM NaCl, T3—
reclaimed water and T4—30 mM NaCl)

Means followed by the same letter do not differ statistically by the Tukey’s test at 5% probability

Element DAF Treatments CV% Element DAF Treatments CV%

(g kg−1) T1 T2 T3 T4 (mg kg−1) T1 T2 T3 T4

N 14 20 b 22 ab 25 a 23 ab B 14 33 a 38 a 47 a 41 a
35 15 a 14 a 16 a 13 a 35 44 a 43 a 42 a 38 a
Mean 17 a 18 a 20 a 18 a 10.4 Mean 39 a 40 a 45 a 40 a 16.53

P 14 1.8 a 1.7 a 1.9 a 1.9 a Cu 14 5.0 a 5.0 a 5.0 a 5.0 a
35 1.3 a 1.4 a 1.2 a 1.2 a 35 4.6 a 4.0 a 5.0 a 4.6 a
Mean 1.5 a 1.5 a 1.6 a 1.5 a 9.37 Mean 4.8 a 4.5 a 5.0 a 4.8 a 12.05

K 14 13 a 13 a 15 a 14 a Fe 14 138 a 130 a 153 a 142 a
35 10 a 11 a 10 a 11 a 35 145 a 142 a 143 a 150 a
Mean 12 a 12 a 13 a 13 a 19.61 Mean 142 a 136 a 148 a 146 a 17.61

Ca 14 15 a 19 a 19 a 19 a Mn 14 30 a 45 a 35 a 48 a
35 21 a 21 a 21 a 21 a 35 45 b 72 a 62 ab 67 ab
Mean 18 a 20 a 20 a 20 a 14.77 Mean 38 b 58 a 49 ab 57 a 21.78

Mg 14 7 a 8 a 9 a 10 a Zn 14 35 a 41 a 39 a 46 a
35 8 a 10 a 9 a 9 a 35 33 b 46 ab 43 ab 49 a
Mean 7 a 9 a 9 a 10 a 17.86 Mean 34 b 44 ab 41 ab 48 a 16.14

S 14 2.3 ab 1.9 b 2.5 ab 2.5 a Na 14 53 a 70 a 60 a 76 a
35 2.2 a 1.5 b 1.6 b 1.6 b 35 100 a 136 a 103 a 136 a
Mean 2.3 a 1.7 b 2.0 ab 2.1 ab 11.08 Mean 76 a 103 a 81 a 106 a 51.03
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treatments with NaCl and reclaimed water. However, only 
the least concentrated NaCl treatment differed from the 
control. Zn showed significantly higher accumulation in T2 
(15 mM NaCl) compared to T1 (Control) and T3 (Reclaimed 
water) (Table 7).

The results showed a significantly higher Na+ accumu-
lation in the saline treatments compared to T1 (Control). 
Reclaimed water (T3) did not differ from the control (T1), 
indicating that this treatment did not promote accumula-
tion of salts in the roots of O. basilicum L.

Considering that there was no significant accumulation 
of Na+ in the leaves of O. basilicum L., even in the treat-
ments where the accumulation of this element was sig-
nificantly higher in the roots, it must be considered that 
these plants avoid raising this element to the leaves. Some 
authors [32, 39] report that plant tolerance to salinity can 
occur through distinct mechanisms: individual cell resist-
ance, usually by Na+ compartmentalization in cell vacuoles 
and damage repair mechanisms. These mechanisms can 
affect all cells by supplying the plant with resistance to 
salinity. Control of the movement of Na+ between different 
plant tissues, preventing excess salts to reach the leaves, or 
the ability to exclude radicular Na+. In this study, the Na+ 
absorbed by the roots does not reach the totality of the 
leaves, and this mechanism can contribute to avoid salinity 
damages and give a certain degree of tolerance to salinity.

Analysis of K+/Na + ratio in the root tissues showed 
that saline treatments and reclaimed water promoted a 
significant reduction of this ratio in comparison with the 
control on all days after flowering (Table 8).

In plants that received the treatment of 15 mM NaCl, 
the reduction of this ratio is associated with an increase 
in Na+ content in the tissues, since the concentration 
of K+ did not reduced significantly. When the plants 
were irrigated with 15 Mm NaCl, a decrease of K+/Na+ 
was observed, which was promoted by the significant 
(p ≤ 0.05) drop in K+ content in the root tissues, evidenc-
ing the antagonistic effect between these two elements 
(Table 8).

Table 7   Nutrient composition of roots of O. basilicum L. irrigated with different water qualities (T1—Control, T2—15  mM NaCl, T3—
reclaimed water and T4—30 mM NaCl)

Means followed by same letter do not differ statistically by Tukey’s test at 5% probability

Element DAF Treatments CV% Element DAF Treatments CV%

(g kg −1) T1 T2 T3 T4 (mg kg−1) T1 T2 T3 T4

N 14 9.3 b 11.1 a 11.3 a 9,2 b B 14 63.3 a 66.0 a 71.2 a 74.6 a
35 6.9 a 8.0 a 8.4 a 7,9 a 35 80.8 a 78.7 a 77.0 a 104.5 a
Mean 8.1 c 9.7 ab 9.8 a 8.5 bc 8.16 Mean 72.0 a 72.3 a 74.1 a 89.6 a 19.99

P 14 1.0 b 1.4 a 1,0 ab 1.1 ab Cu 14 13.3 a 13.0 a 13.3 a 14.0 a
35 0.9 a 1.0 a 0.9 a 1.0 a 35 13.3 a 11.3 ab 10.6 b 11.6 ab
Mean 0.9 b 1.2 a 1,0 ab 1.1 ab 14.56 Mean 13.3 a 12.1 a 12.0 a 12.8 a 7.95

K 14 9.3 a 6.6 ab 6.9 ab 5.9 b Fe 14 3469.3 a 2295.0 b 2903.3 ab 2857.5 ab
35 7.7 a 4.5 b 5.4 ab 3.6 b 35 4001.3 a 3591.6 a 3788.0 a 3638.3 a
Mean 8.5 a 5.5 b 6.1 b 4.7 b 21.66 Mean 3735 a 2943 a 3345 a 3247 a 15.07

Ca 14 6.1 a 6.2 a 6.0 a 5.7 a Mn 14 60 a 58 ab 43 ab 37 b
35 8.7 a 8.0 a 8.1 a 8.2 a 35 46 a 38 a 43 a 44 a
Mean 7.4 a 7.1 a 7.0 a 6.9 a 9.28 Mean 53 a 48 a 43 a 40 a 20.15

Mg 14 14.4 a 9.5 b 9.4 b 9.1 b Zn 14 56 b 78 a 64 ab 63 ab
35 8.4 a 8.5 a 6.4 a 6.3 a 35 32 b 58 a 33 b 48 ab
Mean 11.4 a 9.0 ab 7.9 b 7.7 b 18.18 Mean 44 b 68 a 49 b 55 ab 15.72

S 14 2.0 a 1.9 a 1.9 a 1.9 a Na 14 3683 b 11.066 ab 8503 ab 14.450 a
35 1.8 b 2.0 ab 2.2 a 1.8 b 35 4143 c 18.366 a 9866 bc 16.266 ab
Mean 1.9 a 1.9 a 2.0 a 1.8 a 8.69 Mean 3913 c 14.716 ab 9185 bc 14.358 a 33.64

Table 8   Root ratio of K+/ Na+ in plants of O. basilicum L. irrigated 
with different water qualities

Means followed by the same letter represents the comparison 
between treatments by Tukey’s test at 1% probability

Treatments Days after flowering

14 35

Control 2.58 a 1.89 a
15 mM NaCl 0.66 b 0.25 b
Reclaimed water 0.97 b 0.55 b
30 mM NaCl 0.41 b 0.31 b
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4 � Conclusions

The ability of O. basilicum L. to prevent leaf accumula-
tion of Na + , even with the significant increase in salinity 
in the soil solution and in the root system, suggests the 
existence of a resistance / survival mechanism of plants to 
saline conditions. It was also concluded that O. basilicum 
L. can be safely cultivated using water with a salinity level 
equal to or less than 15 mM NaCl and that irrigation with 
reuse water, with the characteristics similar to that used 
in this experiment, can be used without any damage to 
plant development.
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