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ABSTRACT: The analysis of plant response to the cationic variability of the waters, in addition to the osmotic 
component, is indispensable in the context of salt stress. Thus, between October 2017 and February 2018, 
in Recife, PE, Brazil (8° 1’ 7” S and 34° 56’ 53” W, and altitude of 6.5 m), the present study was carried out 
to evaluate the water relations of parsley plants (Petroselinum crispum), cv. Graúda Portuguesa, cultivated 
in brackish nutrient solutions (electrical conductivities of 1.7, 2.7, 3.7, 4.7, 5.7 and 6.7 dS m-1) prepared in 
waters with different cationic natures (NaCl, CaCl2, KCl and MgCl2). The experimental design was completely 
randomized, in a 6 x 4 factorial scheme, with five repetitions, and five plants per plot. Two experiments were 
conducted sequentially under this statistical design; in the first, the evapotranspired depth was replaced with 
supply water (0.12 dS m-1) and in the second, with the respective brackish water. The increment in nutrient 
solution salinity influences the fresh and dry biomass and the percentages of total, shoot and root dry masses, 
and this increment led to different behavior in parsley physiology under the different cationic natures of the 
water, being less harmful with the use of supply water to replace the evapotranspired depth and with CaCl2 
water with electrical conductivity above 5.7 dS m-1, in the replacement with brackish water.
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Relações hídricas em plantas de salsa cultivada
em soluções nutritivas salobras de naturezas catiônicas distintas

RESUMO: A análise da resposta das plantas à variabilidade catiônica das águas, somado ao componente 
osmótico, é imprescindível no contexto do estresse salino. Neste sentido, entre outubro de 2017 e fevereiro de 
2018, em Recife, PE (8° 1’ 7” S e 34° 56” 53” O, e altitude de 6,5 m), o presente trabalho foi desenvolvido com 
o objetivo de avaliar as relações hídricas em plantas de salsa (Petrocelinum crispum), cv. Graúda Portuguesa, 
cultivadas em soluções nutritivas salobras (condutividades elétricas de 1,7; 2,7; 3,7; 4,7; 5,7; 6,7 dS m-1) 
preparadas em águas com naturezas catiônicas diferentes (NaCl, CaCl2, KCl e MgCl2). O delineamento 
experimental adotado foi o inteiramente casualizado, em esquema fatorial 6 x 4, com cinco repetições, cada 
uma consistindo de cinco plantas. Dois experimentos foram realizados sequencialmente sob esta configuração 
estatística; no primeiro, a reposição da lâmina evapotranspirada foi efetuada com água de abastecimento 
(0,12 dS m-1) e no segundo, com a respectiva água salobra. O incremento da salinidade da solução nutritiva 
influencia as fitomassas frescas e secas e os percentuais de massa seca totais, da parte aérea e da raiz e, esse 
incremento proporcionou comportamento divergente na fisiologia da salsa frente às distintas naturezas 
catiônicas da água, sendo menos prejudicial com uso de água de abastecimento na reposição da lâmina e 
com água CaCl2 com condutividade elétrica acima de 5,7 dS m-1, na reposição com água salobra.

Palavras-chave: Petroselinum crispum, cultivo sem solo, teor de água
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Introduction

Studies on salt stress in plants, especially in the context 
of the osmotic component (Nobre et al., 2014; Santos Júnior 
et al., 2016), have been addressed by different authors in the 
production of leafy vegetables (Silva et al., 2013b; Borges et 
al., 2014; Bernardes et al., 2015; Santos Júnior et al., 2015).

However, brackish waters are composed of cations 
(Ca2+, K+, Mg2+ and Na+) and anions (HCO3

-, CO3
2-, Cl- and 

SO4
2-) (Holanda et al., 2016), in different proportions and 

combinations, which also cause other impacts on plants (Lima 
et al., 2018) and on the nutrient solution (Terraza et al., 2016).

In soilless cultivation, the osmotic and ionic effects cited 
have been addressed with the use of salt stress mitigation 
strategies, such as the replacement of the evapotranspired 
depth, as verified in studies with arugula (Eruca sativa) and 
other vegetables under salt stress (Silva et al., 2012, 2015; Soares 
et al., 2016; Campos Júnior et al., 2018).

In fact, studies on the response of the water relations of 
vegetables to the different cationic natures of brackish nutrient 
solutions are still incipient, although it is already known that 
water consumption, water content in the plant as well as the 
water use efficiency of leafy vegetables are negatively influenced 
by the osmotic component of salt stress (Paulus et al., 2012; 
Silva et al., 2013a; Bione et al., 2014). 

Therefore, the present study was conducted to evaluate the 
water relations in parsley plants exposed to brackish nutrient 
solutions of different cationic natures.

Material and Methods

The experiments were carried out between October 2017 
and February 2018 in an arched greenhouse with skylight, 
belonging to the Departamento de Engenharia Agrícola of 
UFRPE, Recife, PE, Brazil (8° 1’ 7” S and 34° 56’ 53” W, and 
altitude of 6.5 m). 

The city of Recife is characterized by an Am climate 
according to the Köppen-Geiger classification (Alvares et al., 
2013), with average values of temperature, relative humidity 
and rainfall of 25.9 °C, 78.3% and 1,757 mm, respectively. 
The hydroponic system consisted of cultivation channels 
made of PVC pipe with length of 6 m and nominal diameter 
of 100 mm, with 60-mm-diameter holes every 0.14 m. Both 
ends were connected to elbows with outlets that maintained 
a 0.04-m-deep film of nutrient solution in the pipe (Santos 
Júnior et al., 2016).

The experimental design was completely randomized 
in a 6 x 4 factorial scheme, with five repetitions containing 
five plants per plot. Six levels of nutrient solution electrical 
conductivity were tested (ECns = 1.7; 2.7; 3.7; 4.7; 5.7; 6.7 dS m-1) 
prepared in brackish water, salinized with NaCl, CaCl2, KCl 
and MgCl2. Two successive experiments were carried out: in 
the first, the evapotranspired depth was replaced with supply 
water from the municipal network (SW), beginning on October 
13, 2017; in the second, with the respective brackish waters 
(BW), beginning on December 21, 2017.

The waters were prepared by dissolving NaCl, CaCl2.2H2O, 
KCl and MgCl2.6H2O in supply water (ECw = 0.12 dS m-1), 

establishing the following levels of water electrical conductivity 
(ECw): 0.12 (control); 1.12; 2.12; 3.12; 4.12 and 5.12 dS m-1. 
These waters were stored in 90-L reservoirs and then, to 
obtain the nutrient solution, adequate quantity of fertilizers 
proposed by Furlani et al. (1999) was solubilized. Nutrient 
solution management was carried out individually in each pipe, 
according to treatments, and consisted of continuous reuse of 
each level of ECns. The evapotranspired depth was replaced 
every seven days and the nutrient solution was manually 
recirculated, twice a day, reapplying/circulating a volume of 
solution equivalent to twice the capacity of the pipe up to the 
established depth of 0.04 m.

Electrical conductivity (ECns) and pHns was monitored 
every two days. In the phytosanitary aspect, no incidences of 
pests and diseases were recorded. During the experiments, 
inside the greenhouse, for the first and second experiment, 
there was a maximum average temperatures of 39 and 36 ºC 
and minimum average temperatures of 33.5 and 31.5 ºC, as well 
as average relative humidity of 60.9 and 61.5% and minimum 
relative humidity of 43.8 and 44.6%, respectively.

The studied crop was parsley (Petroselinum crispum), cv. 
Graúda Portuguesa. Its sowing was performed with 45 seeds 
in 180-mL plastic cups drilled at the bottom and on the sides, 
filled with coconut fiber as substrate. Initially, moisture was 
maintained by spraying supply water on the seedlings, until the 
transfer to the hydroponic module, which occurred ten days 
after sowing (DAS), period required for parsley emergence.

At the end of each test (50 DAS), the following variables 
were evaluated: water consumption (WC), by the relationship 
between the volume consumed and the number of cups 
containing bunches in the hydroponic cultivation channel; 
water use efficiency in the production of fresh and dry biomass 
(WUE-SFB and WUE-SDB), through the relationship between 
the production and the water volume consumed; water contents 
in the plant (WCP), in the shoots (WCS) and in the roots 
(WCR), according to Benincasa (2003), by dividing the fresh 
mass by the respective dry mass; shoot biomass production 
index (SBPI), according to Benincasa (2003), by dividing 
shoot dry mass by the total dry mass; and the ratio between 
root and shoot biomass, which was calculated by dividing the 
total dry mass of the root system by the total dry mass of the 
shoots of the plants.

The results were subjected to analysis of variance by F test 
for each experiment individually. Means relative to the cationic 
nature of the water were compared by Tukey test and those 
referring to the electrical conductivity of the nutrient solutions 
by regression, both at p ≤ 0.05 by F test, using the program 
SISVAR for data processing (Ferreira, 2011).

Results and Discussion

The electrical conductivity of the nutrient solution (ECns) 
decreased at all levels and cationic natures studied, when the 
evapotranspired depth was replaced with supply water with 
decrease reaching up to 15% of the initial ECns adopted. In 
the replacement with brackish water, there was an increase 
in comparison to the initial ECns, which was also observed by 
Silva et al. (2015), who replaced the evapotranspired depth with 



Juliana B. Martins et al.664

R. Bras. Eng. Agríc. Ambiental, v.23, n.9, p.662-668, 2019.

brackish water based on KCl and MgCl2 and found increments 
of 25.7 and 38.47%, respectively, from 35 DAS. This variation 
exceeded the tolerance limit of 25% suggested by Melo et al. 
(1999). However, in the solutions based on NaCl and CaCl2, 
the increment was smaller and basically the same, 21.01 and 
21.28%, respectively, at 44 DAS. 

Replacement with supply water caused a reduction in pHns 
of up to 15%, from 35 DAS in the solutions based on KCl, 
reaching 5.5 at the end of the cycle. A higher negative amplitude 
(11.47%) was observed for the 3.7 dS m-1 in the nutrient 
solution based on KCl from 35 DAS. When NaCl, CaCl2 and 
MgCl2 were used, the reductions in the pHns at 50 DAS were 
equal to 4.54, 7.93 and 9.67%, respectively. In general, the pHns 
variations in this study did not exceed the range from 5.5 to 6.5 
suggested by Silva et al. (2018), which would cause problems 
in the absorption of nutrients.

The values of water consumption per bunch with the 
replacement using supply water (Figure 1A), in treatments 
with solutions based on CaCl2 and MgCl2, were on average 
45.95 and 20.05% lower than the average consumption of the 
other cationic natures for the same level of ECns (5.7 dS m-1). 
This probably occurred because monovalent cations can be 
absorbed more rapidly than bivalent cations (Abrahão et al., 
2014), corroborating the fact that a similar water consumption 
was observed in plants under solutions based on NaCl and KCl 
for most ECns levels, except 3.7 and 4.7 dS m-1.

Indeed, under these conditions of replacement of the 
solution, in the treatment of 1.7 dS m-1, plants consumed per 
week, on average, 0.998, 0.909, 0.958 and 0.971 L bunch-1 when 

NaCl, CaCl2, MgCl2 and KCl were used, respectively, whereas 
in the treatment of 6.7 dS m-1, the average weekly consumption 
was 0.568, 0.355, 0.468 and 0.510 L bunch-1 (Figure 1A), i.e., 
on an average water consumption lower than 5 L during the 
crop cycle.

With the use of brackish water in the replacement (Figure 
1B), water consumption decreased as ECns increased in all 
treatments, regardless of the cationic nature tested, as already 
verified for lettuce and beet (Paulus et al., 2012; Silva et al., 
2013a). It is worth pointing out, however, the decrease in water 
consumption of plants grown in a solution based on CaCl2, 
mainly for the concentrations of 5.7 and 6.7 dS m-1.

This fact can be attributed to the precipitation observed 
in the reservoirs of the solutions based on CaCl2, from the 
concentration of 5.7 dS m-1, due to the presence of phosphate 
in the nutrient solution, which contributes to the formation 
of calcium phosphate, which in turn favors the formation of 
precipitates.

In the replacement with supply water, the WUE-SFB of 
plants in treatments with nutrient solution based on NaCl, 
MgCl2 and KCl reduced at rates of 3.74, 4.12 and 4.73 g L-1, 
respectively, per unit increment in ECns, whereas under CaCl2 
there was a maximum efficiency (56.88 g L-1) at the estimated 
ECns of 3.37 dS m-1 (Table 1).

The reduction of water use efficiency for fresh biomass 
production under salt stress conditions can be attributed to the 
reduction in evapotranspiration and carbon fixation by plants 
as the water electrical conductivity increased, consequently 
reducing the production per volume consumed, as observed 
also in other leafy vegetables such as arugula (Silva et al., 2012) 
and coriander (Santos Júnior et al., 2015).

Under ECns levels of 1.7 and 6.7 dS m-1, there was no 
difference (p > 0.05) between the cationic natures in the 
replacement with supply water, and for the other ECns levels 
plants under predominance of CaCl2 showed greater efficiency 
in the replacement with supply water, whereas in the replacement 
with brackish water, the WUE-SFB of plants grown in the 
nutrient solutions based on CaCl2 and MgCl2 was higher than 
the others for most of the ECns levels studied (Table 1).

This may have occurred due to reductions in the yield of 
plants caused by the toxic effects of excess Na+ and K+, and the 
excess of potassium in turn can cause deficiency of magnesium 
and calcium, whose absorption is compromised, which leads to 
reduction in crop yield (Malavolta et al., 2002; Dias et al., 2016).

The WUE-SFB of plants under replacement with brackish water 
were maximal at the estimated ECns levels of 4.29 (56.55 g L-1), 
5.3 (66.36 g L-1) and 4.48 dS m-1 (66.52 g L-1) for NaCl,  CaCl2 and 
MgCl2, respectively, at the same time was minimum at the estimated 
ECns level of 3.69 dS m-1 (50.74 g L-1) for KCl (Table 1).

In the replacement with supply water, plants exposed to 
nutrient solution based on KCl showed an average WUE-SDB 
of 7.67 g L-1, whereas for the other salts, maximum efficiency 
was estimated at 3.27, 3.66 and 3.06 g L-1 for NaCl, CaCl2 and 
MgCl2, respectively and, except for the treatment of 1.7 dS m-1, 
plants under CaCl2 showed higher WUE-SDB (Table 1).

These results of higher WUE-SFB and WUE-SDB in the 
solutions with predominance of CaCl2 are consistent with those 
of Damato Neto et al. (2014) and this, in general, is justified, due 

Figure 1. Water consumption of parsley plants, cv. Graúda 
Portuguesa in a cycle of 50 days, cultivated in brackish 
nutrient solutions of different cationic natures at each electrical 
conductivity (EC) of the nutrient solution, with replacement 
of evapotranspiration with supply water (A) and with the 
respective brackish water (B)

B.

A.
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to the metabolic efficiencies in the use of this nutrient by these 
plants, with consequent increase of shoot dry weight (Table 1).

The replacement with brackish water causes linear 
increase in WUE-SDB, in all cationic natures studied, with an 
increments at rates of 0.5194, 0.8254, 0.4503 and 0.446 g L-1 
for NaCl, CaCl2, MgCl2 and KCl, respectively, per unit increase 
in ECns (Table 1). Similar results were reported by Fernández-
García et al. (2014) in henna (Lawsonia inermis L.) subjected 
to high salinity. These authors observed an efficient water use 
by plants, which allowed increases in carbon gain and carbon 
relocation in the roots.

For the SBPI of plants under replacement with supply water, 
a maximum point was observed at the estimated ECns levels 
of 5.12 (0.856), 4.21 (0.826) and 4.61 dS m-1 (0.854) for the 
solutions based on NaCl, MgCl2 and KCl, respectively, whereas 
under CaCl2, the estimated a reduction was 0.0216 per unit 
increase of dS m-1. When the cationic natures were compared 
at each ECns, there was only significant difference (p ≤ 0.05) 
at the ECns of 6.7 dS m-1 for CaCl2 (Table 2), which was higher 
compared to KCl and MgCl2 and similar to NaCl.

In the replacement with brackish water, the SBPI decreased 
at rates of 0.0031, 0.0053 and 0.0051 for NaCl, CaCl2 and MgCl2, 
respectively, whereas plants under nutrient solution based on 
KCl showed an average SBPI of 0.89, regardless of the ECns. There 
was no significant difference (p > 0.05) in this variable when the 
cationic natures were compared at each ECns up to 5.7 dS m-1. 
However, at the level of 6.7 dS m-1, the SBPI was higher in plants 
grown in solutions based on KCl and NaCl, which demonstrates 
a condition of reduced stress using these two salts (Table 2).

In a general analysis, it was observed that, in the 
replacement with brackish water, plants subjected to 1.7 dS m-1 
water showed higher SBPI than those under 6.7 dS m-1 in all 

cationic natures evaluated. However, in the replacement with 
supply water, the opposite was observed, due to the mitigating 
role of the replacement with supply water in the nutrient 
solution, which resulted in dilution for the higher levels of 
salinity and, as a consequence, at these higher levels of ECns 
there was a higher concentration of nutrients compared to the 
lower levels, leading to greater shoot development.

These results differ from those observed by Campos 
Júnior et al. (2018), who worked with strategies to replace 
the evapotranspired depth in arugula plants and found a 
linear decrease as the nutrient solution salinity increased, in 
the replacement with supply water and brackish water, with 
reductions of 0.0431 and 0.033 per unit increment of ECns, 
respectively.

In the replacement with supply water, R/S increased linearly 
as a function of ECns in all cationic natures studied, at rates 
of 0.0047, 0.0054, 0.0108 and 0.0054 for NaCl, CaCl2, MgCl2 
and KCl, respectively. At ECns from 2.7 to 6.7 dS m-1, the R/S 
values of the plants grown in solution based on NaCl, were 
more expressive than those observed in the other cationic 
natures (Table 2).

Probably, the increase in salinity caused toxicity through 
the absorption of Na+ in large quantities, and such toxicity 
being transported to the shoots inhibited plant growth (Soares 
et al., 2013).

Regarding the ratio between root and shoot biomass, with 
replacement using brackish water, higher R/S was observed 
in plants grown in ECns 6.7 dS m-1 water, whose values were 
1.06, 1.23 and 1.14 times higher than those of the control 
(1.7 dS m-1) for NaCl, CaCl2 and MgCl2, respectively. It should 
be pointed out that there was no significant variation (p > 0.05) 
with the increase of ECns when KCl was used (0.1177) (Table 2). 

Table 1. Water use efficiency in the production of shoot fresh biomass (WUE-SFB) and shoot dry biomass (WUE-SDB) of 
parsley plants, cv. Graúda Portuguesa, exposed to brackish nutrient solutions prepared in waters of different cationic natures 
(CN), replaced with brackish water and supply water

1Different letters in the column indicate significant differences between cationic natures at p ≤ 0.05 by Tukey test
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Table 2. Shoot biomass production index (SBPI) and root/shoot biomass ratio (R/S) of parsley plants, cv. Graúda Portuguesa, 
exposed to brackish nutrient solutions prepared in water with different cationic natures (CN), and replaced with brackish water 
and supply water

1Different letters in the column indicate significant differences between cationic natures at p ≤ 0.05 by Tukey test

1Different letters in the column indicate significant differences between cationic natures at p ≤ 0.05 by Tukey test

Table 3. Water contents in the plant (WCP), shoots (WCS) and roots (WCR) of parsley plants, cv. Graúda Portuguesa, exposed to 
brackish nutrient solutions prepared in water with different cationic natures (CN), replaced with brackish water and supply water

For this same variable, the analysis of cationic natures at 
each ECns tested showed a difference (p ≤ 0.05) between the 
R/S of plants grown in a solution based on NaCl and CaCl2 
under 5.7 and 6.7 dS m-1. More expressive means were observed 
for the solutions based on CaCl2, which, despite an excess of 
calcium in the nutrient solution due to the precipitation of 

calcium phosphate in the reservoir, did not promote adequate 
absorption of water and nutrients by the roots, for a good 
development of the shoots (Table 2).

Likewise, Silva et al. (2013b) analyzing arugula plants and 
Bione et al. (2014) in the cultivation of basil, both using NFT 
hydroponics, and Sá et al. (2013), using hydroponics, observed 
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that the increase in root/shoot ratio is understood as a reaction 
of the plant to the stress, which promotes increased formation 
of root mass to improve the absorption of water and nutrients 
or reduced accumulation of dry matter in the shoots, leading 
to reduction in the area of transpiration.

In relation to the water content in the plants (WCP), under 
replacement with supply water, maximum moisture (85.04%) 
was obtained in plants treated with all cationic natures tested 
at the estimated ECns of 2.76 dS m-1. In the replacement 
with brackish water, WCP decreased linearly by 0.458% for 
every increment of dS m-1 in the solution (Table 3). In both 
replacements, the water content in the plant was below the 
average value of 88.7% observed for parsley (TACO, 2011).

Under replacement with supply water, WCS decreased by 
0.954% per unit increment of ECns, causing a loss of 5.86% 
within the proposed range of salinity (1.7 to 6.7 dS m-1). A 
similar situation, but with smaller loss, occurred when the 
replacement was made with brackish water, which led to a linear 
reduction of 0.53% per unit increase of dS m-1. In a comparison 
of the effects of the cationic nature, under replacement with 
supply water, there was no difference (p > 0.05) between the 
values of WCS in plants under solutions based on CaCl2 and 
MgCl2, and their results differed (p < 0.05) and were lower than 
those obtained with NaCl and KCl (Table 3). 

In the replacement with supply water, WCR was maximum 
(91.48, 91.81, 90.25 and 91.11) at the estimated ECns levels of 
4.79, 5.09, 4.33 and 4.61 dS m-1 for NaCl, CaCl2, MgCl2 and 
KCl, respectively. The analysis of the cationic nature at each 
ECns studied showed that, at the levels of 5.7 and 6.7 dS m-1, 
the WCR of plants in the solution based on CaCl2 stood out 
(p < 0.05), with less expressive results observed under MgCl2 
(Table 3).

In the case of replacement with brackish water, WCR 
decreased by 0.331% per unit increment of salinity, a decrease 
that was also observed by Campos Júnior et al. (2018) with a 
unit reduction of 0.8587% and a variation of 7.72% within 
the salinity range studied (1.5 to 9.0 dS m-1). In relation to 
the cationic nature, the highest means for WCR were found 
under circulation with solution based on KCl (88.87%) and 
NaCl (88.5%) on average, higher than the means obtained with 
CaCl2 (87.67%) and MgCl2 (87.38%) (Table 3).

Conclusions

1. Increase of electrical conductivity of water in nutrient 
solution decreases the water contents in the shoots and roots, 
shoot biomass production index and water use efficiency; 
however, when the evapotranspired depth was replaced with 
supply water, these effects were reduced.

2. In the replacement with brackish water, the water use 
efficiency, water content, root/shoot ratio and shoot biomass 
production index of the plants under electrical conductivity 
higher than 5.7 dS m-1 in nutrient solution based on CaCl2 
were not hampered, due to the precipitation observed in the 
reservoirs.

3. The increase in the electrical conductivity of the nutrient 
solution under replacement with supply water and each type of 
brackish water inhibited the water use efficiency, shoot biomass 
production index and water content of the plants. 

4. In general, the order of the effects by the cationic natures 
as a function of the replacement of the evapotranspired water 
was: a) replacement with supply water: CaCl2 and NaCl > KCl 
> MgCl2; b) replacement with brackish water: CaCl2 and NaCl 
> MgCl2 > KCl.
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