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HIGHLIGHTS:
Use of water with low electrical conductivity in the preparation of nutrient solutions mitigates the effect of salinity.
Increases in ionic concentration show differences in the efficiency of macronutrient use caused by the cationic natures.
Concentration x cationic nature affects ionic relationships differently, impacting the plant differently.

ABSTRACT: The concentration and nature of ions directly influence ionic relationships between macronutrients
and sodium, especially in the context of plants grown under saline conditions. The goal of this study was to analyze
the efficiency of use of N, P, K, Ca, Mg, and S, the efficiency of Na accumulation, and the relationships between Ca*?,
Mg*, Na*, and K* after analysis of parsley, cultivar Grauda Portuguesa, plant tissues exposed to nutrient solutions
prepared with brackish water with different cationic natures. The treatments consisted of exposing plants to nutrient
solutions (EC_ =1.7,2.7,3.7,4.7,5.7,and 6.7 dS m™') prepared with brackish water obtained by solubilizing different
salts, NaCl, CaCl .2H,0, MgCL,.6H,0, and KCl in supply water (ECw = 0.12 dS m™). Two cultivation cycles were
conducted, adoptmg a completely randomized experimental design in both (6 x 4 factorial scheme), with four
replicates. The efficiency of the use of macronutrients and sodium accumulation was more affected by the cationic
nature of the water at the highest concentration levels. Except for the Ca* - Mg** ratio, all other cationic ratios were
affected by the increase in the concentration of salts in the nutrient solution.

Key words: Petroselinum crispum, hydroponics, salinity

RESUMO: A concentragdo e natureza dos ions influenciam diretamente as relagdes idnicas entre macronutrientes
e sédio, especialmente no contexto das plantas cultivadas em condi¢des de salinidade. Este estudo foi desenvolvido
com o objetivo de analisar a eficiéncia de uso do N, P, K, Ca, Mg e S e a eficiéncia de acimulo de Na, bem como as
relagdes que ocorrem entre Ca*?, Mg*?, Na* e K* apés analise do tecido de plantas de salsa, cultivar Grauda Portuguesa,
expostas a solu¢des nutritivas preparadas com aguas salobras com diferentes naturezas catiénicas. Os tratamentos
consistiram na exposi¢do das plantas a solu¢des nutritivas (CE_ =1,7,2,7, 3,7, 4,7, 5,7 € 6,7 dS m") preparadas com
aguas salobras obtidas mediante a solubilizacdo de diferentes sais - NaCl, CaCl,.2H,0, MgCl,.6H,0 e KCl em dgua
de abastecimento (CEa = 0,12 dS m™). Realizou-se dois ciclos de cultivo, adotanéo se em ambos, delineamento
experimental inteiramente casualizado (esquema fatorial 6 x 4), com quatro repeti¢cdes. Verificou-se que a eficiéncia
de uso dos macronutrientes e de acaimulo do sédio foi afetada com maior intensidade pela natureza catidonica da
agua nos maiores niveis de concentragao. Exceto para a razdo Ca*? - Mg*?, todas as outras razdes catidnicas avaliadas
foram afetadas pelo aumento na concentragio de sais na solugdo nutritiva.

Palavras-chave: Petroselinum crispum, hidroponia, salinidade

o Ref. 247606 — Received 15 Jan, 2021 This is an open-access article
* Corresponding author - E-mail: ruanairis@gmail.com distributed under the Creative
o Accepted 04 Jul, 2021 « Published 11 Aug, 2021 Commons Attribution 4.0

Edited by: Carlos Alberto Vieira de Azevedo International License.


http://dx.doi.org/10.1590/1807-1929/agriambi.v26n1p11-20
http://www.agriambi.com.br
http://www.scielo.br/rbeaa
https://orcid.org/0000-0003-1637-6718
https://orcid.org/0000-0002-1656-7103
https://orcid.org/0000-0003-1225-5572
https://orcid.org/0000-0002-3348-7252
https://orcid.org/0000-0002-9905-2315
https://orcid.org/0000-0001-8493-0034

12 Salimo M. H. Muchecua et al.

INTRODUCTION

The use of brackish water in the preparation of a nutrient
solution in hydroponic vegetable crops has been widely
adopted, mainly in semi-arid regions where the water has a
high concentration and variability of salts (Martins et al., 2020).
Sodium, magnesium, and calcium are the most prevalent ions
in waters (Paiva et al., 2021).

In parsley plants exposed to different cationic natures there are
changes in production (Martins et al., 2019b), water relationships
(Martins et al., 2019a), and photochemical efficiency (Martins et
al., 2020). However, studies that address aspects of use efficiency
and relationships between nutrients are still scarce.

When plants are grown under saline conditions, use
efficiency of these ions is influenced by other factors, such as
concentration, ionic nature, and respective relationships (Silva
etal,, 2018a). The osmotic influence imposed by the increase in
concentration compromises the development of plants, causes
nutritional imbalances, inhibits photosynthesis, and interferes
with ribosomal and protein functions (Nery et al., 2013; Al-
shareef & Tester, 2019).

To achieve the appropriate ionic balance (Yang & Kim,
2019), the strategy used in the preparation and replacement of
the nutrient solution is essential in the cultivation of crops that
are sensitive to salinity.

Thus, the goals of the present study were to analyze the
use efficiency of N, P, K, Ca, Mg, and S, the efficiency of Na
accumulation, and the relationships that occur between Ca*?,
Mg*, Na*, and K* after analysis of parsley, cultivar Grauda
Portuguesa, plant tissues exposed to nutrient solutions prepared
with brackish water with different cationic natures.

MATERIAL AND METHODS

This study was conducted between October 2017 and
February 2018, in a protected environment in the Department
of Agricultural Engineering of the Universidade Federal Rural
de Pernambuco (UFRPE), Recife, PE, Brazil (8° 01’ 07” S,
34° 56’ 53” W, and 6.5 m altitude). During the experimental
period, the temperature and relative humidity of the air were
monitored within the protected environment (Figure 1).

The hydroponic system adopted consisted of PVC tubes with
0.1 m diameter and 6.0 m length, seated horizontally (level) and
adapted with circular 0.06 mm-diameter holes, equidistantly
spaced every 0.14 m (Santos Junior et al., 2016). PVC elbows
with the same diameter as the tubes were connected to the
ends and had valves that allowed a nutrient solution level of
4 cm inside each tube. They were interconnected to the stock
reservoir by plastic tubes. The PVC tubes were arranged on a
vertical wooden structure.

The evaluated crop was parsley, cultivar Gratda Portuguesa.
Sowing was performed in 180 mL disposable plastic cups, with
small perforations in the bottom and the bottom third on the
sides. The cups were filled with washed coconut fiber. Upon
this, 45 seeds were homogeneously deposited and covered
with dry coconut fiber. No thinning was conducted, and each
disposable cup was considered one parsley bunch. From 10 days
after sowing (DAS), irrigation was conducted by spraying water
in the morning and afternoon. Next, the cups containing the
seedlings were taken to the hydroponic system tubes and the
treatments were applied.

The treatments consisted of nutrient solutions prepared with
brackish water (EC_ = 1.7, 2.7, 3.7, 4.7, 5.7, and 6.7 dS m™),
salinized by dissolving salts with different cationic natures at
the following concentrations: NaCl treatment, 0; 10.95; 21.90,
32.85,43.80, and 54.75 mmol L''; CaCl,.2H,O treatment, 0; 4.35;
8.70, 13.05, 17.40, and 21.75 mmol L''; MgClL,.6H,O treatment,
0; 3.15; 6.30, 9.44, 12.59, and 15.74 mmol L!; KCl treatment, 0;
8.59; 17.17; 25.75; 42.92 and 53.65 mmol L. Salts were added
to water from the UFRPE (electrical conductivity of water - EC |
= 0.12 dS m™) supply system. The experimental design was a
completely randomized, in a 6 x 4 factorial scheme, with four
replicates.

Two experiments were conducted with the same treatments
and experimental design. As the water consumption by the
plants reduced the level of the reservoir, replacement constituted
public-supply water from UFRPE (first experiment) and the
respective brackish water (second experiment). The electrical
conductivity (EC) and pH of the nutrient solution were
monitored daily for control and eventual correction, if necessary
(Furlani et al., 1999).

The nutrient solutions were prepared only once, before the
beginning of each experiment, with the addition of salts to

Relative air humidity (%)

RHmax and RHmin - Maximum and minimum relative air humidity, respectively; Tmax and Tmin - Maximum and minimum air temperature, respectively

Figure 1. Variation in temperature and relative air humidity of the air in the greenhouse during the experimental period
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the water from the UFRPE supply system (EC of 0.12 dS m™)
contained in 90 L reservoirs, observing the relationships of
Rhoades et al. (1992) and with the aid of a conductivity meter.
The respective salts, i.e., NaCl, CaCl,, MgCl,, and KCl, were
individually added in increasing amounts to each of the brackish
water treatments, until the EC values were at the pre-established
values of 1.12,2.12, 3.12,4.12,and 5.12dS m™..

Once the brackish waters were prepared, the same
quantities of fertilizers (Furlani et al., 1999) were added to
each reservoir, namely, 67.5 g calcium nitrate, 45 g potassium
nitrate, 36 g magnesium sulfate + micronutrients, and 13.5 g
monoammonium phosphate. These quantities corresponded to
the following nutrient concentrations in mmol L': 13.59 N; 2.37
Ca; 5.50 K; 2.61 P; 1.37 S; 1.48 Mg; and in pumol L*: 180 B; 30
Cu; 180 Fe; 140 Mn; 8.0 Mo; and 90.0 Zn, which corresponded
to conductivity of 1.58 dS m™. As a result, the final electrical
conductivities (EC_) in the nutrient solutions were 1.7 (control,
with no addition of salts), 2.7, 3.7, 4.7, 5.7, and 6.7 dS m,
respectively.

Regarding nutrient solution management, the protocol used
consisted of manual application of 40 L of nutrient solution twice
daily to the tubes in the morning (07:00 hour) and afternoon
(15:00 hour). Nevertheless, because a closed system was used,
the surplus solution in relation to the level inside the pipe, was
returned to the solution reservoir through a tube, and the process
was repeated daily.

In both experiments, plants were harvested at 50 DAS.
The shoots and roots of parsley plants were placed in paper
bags and dried in a forced air circulation oven at 65 °C, until a
constant weight was reached. The dry mass of shoots and roots
was weighed and roots and shoots were ground in a Wiley-type
mill. The values for shoot dry mass (SDM) and total dry mass
(TDM) hereafter correspond to the average values for four
parsley bunches.

The macronutrients P, K, Ca, Mg, S, and the Na ion in the
dry matter were removed by wet extraction. For N, sulfuricacid
digestion was performed. For the remainder and the Na ion,
nitric digestion was performed based on the methodology
proposed by Silva (2009). Concentrations of P, K, Na, Ca, Mg,
and S were determined based on the methodology proposed
by Bezerra Neto & Barreto (2011). P and S concentrations were
determined using a UV spectrophotometer. Ca and Mg were
determined by atomic absorption spectrophotometry. Na and
K were determined by flame photometry. N was determined by
the steam drag distillation method (Kjeldahl method).

To quantify the accumulation of macronutrients and Na in
the shoots of parsley plants, the obtained concentrations of each
macronutrient and Na were multiplied by SDM. The efficiency
of use of macronutrients and Na was determined by the ratio
between TDM (g) and accumulation of each nutrient in the
shoots (g). The interactions between ions were estimated by the
ratio of the accumulation values.

The results were subjected to normality and homoscedasticity
tests and an analysis of variance was conducted. The EC of the
nutrient solution was submitted to regression analysis, whereas
the cationic natures were compared with a mean comparison
test (Tukey) at p < 0.05. Statistical analyses were conducted with
SISVAR software.

RESULTS AND DISCUSSION

The EC of the nutrient solution (EC ) decreased under
replacement with the public-supply water (PSW) for all cationic
natures studied. The reductions could be attributed to the
dilution of salts because the EC of PSW was 0.12 dS m™!, which
always led to lower EC__ values than the initial EC. Among
the cationic natures studied, a maximum decrease of 15% was
observed at values of 5.7 and 6.7 dS m™'. With the replacement
with brackish water (BRW) the EC__ increased compared to the
initial EC, for all cationic natures, with maximum increments of
25.70,38.47,21.01, and 21.28% when there was a predominance
of KCI, MgCL, NaCl, and CaCl, in the water, respectively.

The increase in EC_ with replacement using brackish water
and the decrease in the EC_ with replacement using the PSW,
was also observed by Campos Junior et al. (2018) who worked
with arugula (rocket) and used brakish water in the replacement
of the evapotranspirated volume. This increase was caused by the
supply of salts that occurs with replacement with brackish water.

For the pH,_ under replacement with PSW, in the treatment
with preponderance of K*, there was a maximum reduction of
15%, reaching a value of 5.5 at 50 DAS. There was no correction
of pH__ because the variation in this study did not exceed the
range of 5.5 and 6.5 suggested by Silva et al. (2018b) as the ideal.
However, with replacement by BRW with the preponderance of
K* there was a decrease of the order of 11.47% because as the
plant absorbed potassium, there was a tendency to make H*
available, which enabled osmotic adjustment.

The estimate of ratios was calculated based on the ratio
between the accumulation of ions in the SDM of the bunch
(Table 1). It is worth highlighting the interactive effect (p < 0.05)
between the treatments on the SDM of plants with replacement
by the PSW and the individual significance (p < 0.05) of the
treatments for plants with replacement using BRW.

In general, for replacement using PSW, the decrease in SDM
was linearly proportional to the increase in EC_, although the
rate of reduction relative to dS m™ increase was higher for
bivalent cations. The values occurred in the following order:
Mg > Ca*?> Na* > K* (Table 1). For replacement using BRW,
there was a relative linear reduction of 0.7633 g in SDM for each
dS m™ increase, and a higher SDM (p < 0.05) when there was a
preponderance of Na* in the water (Table 1).

The results illustrated the deleterious effects of increasing
salinity in the production of SDM in plants, which occurs
because of high concentrations of toxic ions, such as Na*, caused
by salt stress and the concomitant decrease in the availability of
essential nutrients. This interferes with the development of plants
and accelerates the leaf senescence process and consequently
decreases photosynthesis (Zorb et al., 2019). Salinity also
interferes with the metabolic and physiological processes,
compromising plant mass production. Such reduction has also
been observed for rocket by Campos Junior et al. (2018).

In both strategies of nutrient solution replacement, when
there was preponderance of Ca*?, the increase in concentration
did not affect (p > 0.05) the Na*/K* ratio (Table 1). It was observed
that the increase in salinity in the nutrient solution could cause
competition in the absorption of Na* with that of K*, Ca*?, and
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Table 1. Shoot dry mass (SDM) and Na'/K*, Na*/Ca*?, and Na*/Mg" ratios in parsley cultivar Graida Portuguesa, plants
tissues exposed to nutrient solutions prepared with brackish water with a preponderance of Na*, Ca*?, Mg*?, and K* and whose
evapotranspired depth was replaced with public supply water (PSW) or brakish water (BRW) in the nutrient solution

EC_ - Electrical conductivity of the nutrient solution; CN - Primary cationic nature of water. Different letters in the column indicate significant differences between cationic natures at p < 0.05
according to the Tukey test. For SDM under replacement with brackish water, different letters in the rows indicate significant differences between the cationic natures at p < 0.05 according
to the Tukey test. **, *, ns - Significant at p < 0.01 and p < 0.05, and not significant by F test, respectively; 'After the interaction began, there was no significant EC_ within the respective CN

Mg*?, which could lead to nutritional imbalances. According to
Butcher et al. (2016), sodium has a considerable negative impact
on plant growth and development compared to other cations
because of its ability to induce Ca*? and K* deficiencies.
However, under replacement with PSW, the predominance
of K*in water did not affect (p > 0.05) the Na*/K*ratio, nor was
there an adequate adjustment of the equation. For replacement
using BRW, a successive increase in K* concentration led to a
reduction of Na*in plant tissues. According to Julkowska &
Testerink (2015), because of the physico-chemical similarities
between Na* and K*, Na* tends to replace K* at its usual
binding sites and impairs cell biochemistry; however, when K*

Rev. Bras. Eng. Agric. Ambiental, v.26, n.1, p.11-20, 2022.

concentrations increase, the cytotoxic effects of Na* caused by
salinity stress can be mitigated.

When there was a predominance of Mg* in the water, the
Na*/K* ratio was minimal (0.2703 and 0.2139) at an EC__ of 4.16
and 4.61 dS m™ (Table 1) with replacement with PSW and BRW
respectively. However, for replacement using BRW, even with the
increase in EC , the average Na*/K" ratio was 0.2438. However,
when there was a prevalence of Na* in the water, this ratio increased
at rates of 0.213 and 0.218 per dS m™ added to the solution with
replacement by PSW and BRW, respectively (Table 1).

The Na*/K* ratio in the tissues of plants grown under saline
conditions is an indicator of antagonism between these ions
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and it is important to quantify the level of competition between
ions for plasmalemma absorption sites and to indicate increased
K* efflux from the roots in the growing medium because of
disturbances to membrane integrity (Inocéncio & Carvalho,
2013).

According to the data, the increase in EC_ accentuated the
increase in the Na*/K* ratio according to the prevalence of the
cationic nature in this study in the following order: Na*> Mg*
> Ca*?= K" and Na*> Ca**= Mg**> K* under replacement with
PSW and BRW, respectively (Table 1).

In both forms of replenishment, the water with an cationic
predominance of K* exhibited a decrease in the Na*/K* ratio.
However, the increase in the concentration of Ca* and Mg*did
not influence (p > 0.05) the Na*/K" ratio, despite the greater
influence on the increase of EC_ for Mg* and Ca* for replacement
with PSW and BRW, respectively.

In both replacement strategies, the prevalence of K*and
Mg* in the water did not affect (p > 0.05) the Na*/Ca**ratio
in plant tissues. The regression equations showed that, under
the prevalence of K*, none of the parameters of the adjusted
equations was significant (p > 0.05); however, under the
prevalence of Mg* there was an increase of 0.0979 for each
dS m" and a minimum (0.8150) at the EC_ of 5.21 dS m™, for
replacement with PSW and BRW, respectively (Table 1).

Regarding the predominance of Na* in the water and
replacement with PSW, the increase in EC  did not affect (p
> 0.05) the Na*/Ca* ratio, although there was no significant
adjustment (p > 0.05) after the split analysis, the increase in EC__
implied a reduction of 0.0619 for each dS m™ increment in the
Na*/Ca*? ratio. On the other hand, although an adequate R* was
not verified, under replacement with the respective brackish water,
the Na*/Ca* ratio was minimal (2,675) under EC_ of 2.77 dSm™.

The predominance of Ca*? increased (p < 0.01) the Na*/Ca*?
ratio at rates 0f 0.3592 for each dS m™ increment for replacement
with PSW. It is likely that the greater accumulation of Na*, to the
detriment of Ca*?, may be associated with competition between
Ca*?and Mg**, which consequently favored the absorption of
Na*, which under these conditions was favored because it was
monovalent and absorbed more than ions with a higher valence,
such as Ca**and Mg*. However, the use of BRW for replacement
did not affect (p > 0.05) the Na*/Ca*? ratio with a predominance
of Ca*? in the water.

For replacement with BRW, the Na*/Ca*? ratio was not
affected (p > 0.05) when Ca*?, Mg*?, and K* were predominant
in the water, even with an increase in the EC_. The input of
salts resulting from this replacement strategy likely led to
precipitation processes in salts in different ionic forms, affecting
the absorption, and consequently, not influencing the Na*/Ca*
ratio in plant tissues (Table 1).

When the influence of the different cations was analyzed
considering each EC_, the Na*/Ca* ratio varied more sharply
with the increase in concentration and replacement with PSW,
which promoted a greater accumulation of Na*, to the detriment
of Ca*?, when there was a greater amount of Ca**> Mg*> K*>
Na* in the water. For replacement with BRW, this was K*> Na*
= Ca*?= Mg**(Table 1).

The Na*/Mg** ratio did not vary with an increase in
concentration when there was a predominance of Ca** and Mg*

in the water, under both evapotranspired depth replacement
strategies. However, the regression equations showed there
were limitations regarding the adjustment and significance of
the parameters. When Na* was predominant, there were linear
increments in the Na*/Mg** ratio at rates of 2.0302 and 2.6211
per dS m™ under replacement with PSW and BRW, respectively,
reaching a ratio of 19.2 at the EC_ of 6.7 dS m™ (Table 1).

When there was a predominance of K* in the water and
replacement with PSW, the increase in the Na*/Mg** ratio was
2.3230 for each dS m", whereas the increase in EC__ did not
affect (p > 0.05) the Na*/Mg* ratio for replacement with BRW
(Table 1). It can be inferred that the prevalence of K* and Na*
favored the absorption of Na* to the detriment of Mg** because
monovalent cations are absorbed more rapidly by the roots
than bivalent cations. Therefore, K* strongly competed with the
absorption of calcium and magnesium (Silva & Trevizam, 2015).
The results for the Na*/Mg*? ratio at each EC_ were similar for
the different cations. In the replacement with both PSW and
BRW, there was a higher Na*/Mg* ratio, with predominance of
Na*=K*> Ca*>= Mg** in the waters (Table 1).

In both replacement strategies, there was no influence of
the interaction between treatments for the Ca**/Mg** ratio. For
replacement with PSW, the estimated relative increase in this
ratio was 0.4046 for each dS m™, with the highest mean Ca*?/
Mg** ratio observed in the cultivated plants tissues when there
was a higher amount of Ca*?> K*> Na*= Mg* in the water.
When the replacement was performed with BRW, the Ca*/
Mg* ratio was minimal (2.755) at the estimated EC__ of 5.64
dS m’, and the order of the means as a function of the ionic
predominance did not change compared to that for replacement
with PSW (Table 2).

For the Ca**/K* ratio, replacement with PSW resulted in
linear increments of 0.0791 and 0.0227 under the presence of
Ca*?and Na*, respectively (Table 2), and a decrease of 0.0217 and
aminimum level (0.2025 under 2.82 dS m™') with predominance
of K* and Mg* in the water, respectively. When replacement
was performed with BRW, the Ca*?/K" ratio was at a maximum
(0.2289), relatively, under the EC__ estimated at 5.4 dS m™.
However, there was a higher Ca**/K* ratio when there was a
prevalence of Ca*?> Mg*? = Na*> K* in the water.

After the analysis of the influence of cations on the Ca*?/K*
ratio at each EC_, in general, the highest values were obtained
under predominance of bivalent cations, especially Ca*?, and
these differences intensified with increases in concentration.

Considering that the estimate of use efficiency is also based
on TDM, it is worth noting that the interactive effect of the
increase in EC_ and CN caused (p < 0.01) linear reductions
in TDM when replacement was performed with PSW. A
comparison of CN at each EC_ showed that, under higher
concentrations, significant differences (p < 0.05) in TDM were
caused by CN. When the replacement was with BRW, the relative
reduction in TDM occurred at a rate of 0.8089 g per dSm™, and
lower damage (p < 0.05) was observed under the predominance
of K* (Table 3).

The efficiency of use of all nutrients and accumulation of
Na* was influenced (p < 0.01) by the increase in EC_ and the
predominant cationic nature for nutrient solution replacement
with both PSW and BRW. The interaction between EC_
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Table 2. Ca**/Mg*? and Ca*?*/K" ratios in the tissues of parsley plants, cultivar Graida Portuguesa, exposed to nutrient solutions
prepared with brackish water having a predominance of Na*, Ca*?, Mg*, and K* and whose evapotranspired depth was replaced
with public-supply water or the respective brackish water in the nutrient solution

EC,, - Electrical conductivity of the nutrient solution; CN - Cationic state; For Ca*?/Mg* ratio, different letters in the row compare CN, and for the Ca*?/K* ratio, different letters in the
column indicate significant differences between CN at p < 0.05 according to the Tukey test. **, *, ns - Significant at p < 0.01, p < 0.05, and not significant, respectively

and CN did not influence (p > 0.05) the use efficiency of the
macronutrients N, Ca, and S, when the evapotranspired depth
was replaced with BRW (Table 3).

Nitrogen use efficiency (NUE) was influenced (p < 0.05)
by the interaction between treatments with the replacement by
PSW and by the individual factors with replacement by BRW
(Table 3). For replacement with PSW, a linear reduction was
estimated as 0.0664, 0.0492, 0.0665, and 0.0407 for each dS m™'
increment under the predominance of Ca*%, K*, Mg*, and Na*
in the water, respectively.

In this case, the response of the plants to the increase in salt
concentration, in the form of osmotic adjustment, was associated
with a limited absorption of NO, and its accumulation in
vacuoles (Ding et al., 2010). Additionally, the competition
between Cl and NO, for the same carrier is a factor that directly
affected NUE because N absorption and use efficiency depends
on the level of availability of this nutrient in the cultivation
medium (Beche et al., 2014).

However, for replacement with PSW, by analyzing the
differences caused by CN at each EC , it was evident that NUE
was only influenced from 4.7 dS m™!, with significant damage (p
< 0.01) recorded under the predominance of bivalent cations.
For replacement with BRW, the relative linear decrease was
estimated at 0.0257 per dS m™ increment, with the highest use
efficiencies with the predominance of MgCl, and NaCl (Table 3).

There was also an influence (p < 0.01) of the interaction
between the factors on phosphorus use efficiency (PUE) in
the two replacement strategies. Additionally, linear reductions
were estimated for each dS m™ increase under the prevalence
of Ca*?(at rates of 0.4083 and 0.1722), Mg*? (at rates of 0.3252
and 0.1839), and Na* (at rates of 0.3555 and 0.2869 mg g™*) for
replacement with PSW and BRW, respectively (Table 3). For
replacement with PSW and the prevalence of K* in the water,
there was no adequate adjustment of PUE with an increase in
EC ; however, for replacement with BRW, a minimum PUE
(1,7719) occurred under the EC_at 4.7 dSm'™.
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According to Prado (2008), the presence of K and P causes
direct effects on the production of crops, especially those
subjected to unfavorable conditions, promoting adaptation
mechanisms with greater translocation of carbohydrates to the
roots, minimizing root damage. Consequently, a better PUE is
observed in the presence of K*. Zambrosi et al. (2012) stated
that under conditions of P deficiency caused by the presence of
salts in the nutrient solution, changes in the activity of enzymes
occur, which contribute to more efficient use of P through
recycling, reduction of consumption, and use of other fractions
of this nutrient.

Potassium use efficiency (KUE) was also influenced (p <
0.01) by the interaction between treatments in both replacement
strategies. For replacement with PSW, the estimated reduction
for each dS m™ increment was 0.0612, 0.0713, and 0.0606 under
a predominance of Ca*?, Mg*?,and K* in the water, respectively,
at a minimum (0.346) under EC__ of 5.5 dS m™ when there was
predominance of Na*. For replacement with BRW, the estimated
reductions were 0.0407 and 0.0260 per dS m™ increment
when there was a predominance of Mg**and K* in the water,
respectively. In the analysis of the KUE, there were no significant
effects (p > 0.05) when Ca*? and Na* were prevalent in the water
(Table 3).

Despite the antagonism between the two cations (K* and
Na*), the KUE obtained a higher yield in the presence of Na*,
demonstrating the efficiency of parsley in absorbing K* even
under adverse conditions. Consequently, it is a crop rich in K*
(Al-Yousofy et al., 2017), hence absorbing more K* (Araujo et
al., 2014).

The interaction between factors affected (p < 0.01) the
efficiency of use of Ca*? (replacement with PSW), Mg**
(replacement with PSW and BRW), S (replacement with PSW),
and the accumulation efficiency of Na* (replacement with PSW
and BRW), whereas the individual factors influenced (p < 0.01)
the efficiency of use of Ca*? and S when the replacement was
performed with BRW (Table 4).
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Table 3. Total dry mass (TDM) and NPK use efficiency in parsley plants, cultivar Grauda Portuguesa, exposed to nutrient solutions
prepared with brackish water with a preponderance of Na*, Ca*?, Mg**, and K* and whose evapotranspired depth was replaced
with public-supply water or the respective brackish water used to prepare the nutrient solution

For TDM and N use efficiency, under replacement with brackish water, different letters in the row indicate significant differences between the cationic natures; different letters in the
column indicate significant differences between the cationic natures at p < 0.05 according to the Tukey test; EC__ - Electrical conductivity of the nutrient solution; CN - Cationic nature;
**, %, ns - Significant at p < 0.01, p < 0.05, and not significant according to the F test, respectively

Calcium use efficiency (CaUE) was reduced at rates of 0.3692,
0.2024, 0.3639, and 0.2700 per dS m™ increment when there
was prevalence of Ca*?, K*, Mg*?, and Na*, respectively, under
replacement with PSW. However, it is worth noting that the
prevalence of Na* and K* in the water favored (p < 0.01) CaUE,
especially when the different cationic natures are compared at
each EC__ tested (Table 4).

When replacement was performed with BRW, the relative
reduction was equal to 0.3214 for each dS m™ increment. The
highest values of CaUE occurred when there was a predominance
of K*=Na*> Mg*"= Ca*?in the water. The antagonism between
Ca*?and Mg** may explain the lower CaUE in water with high
concentrations of MgCL; however, lower CaUE was possibly
associated with the deactivation of its action because of the

ratio between ions or its precipitation in the form of oxalate or
calcium phosphate (Tomaz et al., 2003).

Magnesium use efficiency (MgUE) was influenced (p <
0.05) by the interaction between factors with both replacement
strategies (Table 4). Linear reductions per dS m™ increment of
0.4907 and 0.3102, and 0.4354 and 0.3421 were estimated when
there was preponderance of Ca*? and Mg*, respectively, for
replacement with PSW and BRW, respectively.

Under the prevalence of K* in water, MgUE was minimal
(3.9031) under an EC__ estimated at 3.38 dS m™" for replacement
with PSW. However, when the replacement was with BRW, there
was no significant effect (p > 0.05). When there was a prevalence
of Na* in the water, the was no significant effect (p > 0.05) in
either replacement strategy for MgUE (Table 4).
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Table 4. Use efficiency of Ca*?, Mg*, S, and Na* in parsley plants, cultivar Gratda Portuguesa, exposed to nutrient solutions
prepared with brackish water with a predominance of Na*, Ca*2, Mg*?, and K* and whose evapotranspired depth was replaced with
public-supply water or the respective brackish water used to prepare the nutrient solution

Different letters in the rows for CaUE and SUE, under replacement with brackish water, indicate significant differences between the cationic natures at p < 0.05 according to the Tukey
test; Different letters in the column indicate significant differences between cationic natures at p < 0.05 according to the Tukey test; EC, - Electrical conductivity of the nutrient solution;

**, %, ns - Significant at p < 0.01, p < 0.05, and not significant, respectively

MgUE was sensitive to increases in the concentration of
salts when they were CaCl, or MgCl,. The ionic competition
between Ca*? and Mg** and the saturation of the solution
with an increased concentration of Mg** may also have led to
precipitation (Gransee & Fiihrs, 2013). In the present study,
there were no symptoms of Mg*? deficiency or toxicity, but the
observed situations of precipitation suggest that ionic saturation
may have caused nutrient imbalances in the solution.

For replacement with PSW, the interaction between factors
affected (p < 0.01) sulfur use efficiency (SUE), notably when
there was predominance of Ca*%, K*, Mg*? and Na* in the water,
with linear reductions of 1.4145, 0.9700, 1.3028 and 0.4986,
respectively, for each dS m™ increment. Thus, the predominance
of bivalent cations led to greater sensitivity (p < 0.01) in SUE.

Rev. Bras. Eng. Agric. Ambiental, v.26, n.1, p.11-20, 2022.

A relative reduction of 0.3503 per dS m™ increment was
observed in SUE when the replacement was performed with
PSW. Notably, under preponderance of K*and Ca*? in the water,
there was higher SUE suggesting the importance of maintaining
adequate levels of NPK in the nutrient solution for better
utilization and preferential sulfur absorption, as highlighted by
Soares et al. (2017).

Na* use efficiency (NaUE) was also sensitive (p < 0.01)
to the interaction between factors in both nutrient solution
replacement strategies. However, contrary to that observed
for the other cations, NaUE was higher when there was
predominance of bivalent cations in the water (Table 4).
However, in all types of cationic predominance in water, there
was linear reduction of NaUE, which could be attributed to
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ionic competition in the nutrient solution, and the movement
of Na* into vacuoles in the context of osmotic adjustment.

In general, the presence of macronutrients and sodium in
the shoots of parsley was influenced by the ionic relationship
established in the nutrient solution, the saturation of certain
cations in the solution, and the response of the crop to salinity
in the form of osmotic and ionic adjustment.

CONCLUSIONS

1. Except for the Ca*?/Mg**ratio, all other cationic ratios
evaluated were affected by the increase in the concentration
of salts in the nutrient solution.

2. Monovalent cations (K*and Na*) and bivalent cations
(Ca*?>and Mg*?) showed similar behavior in relation to the
efficiency of nutrient use.

3. The efficiency of macronutrient use and sodium
accumulation were affected at a greater intensity by the cationic
predominance of the water at the highest salt concentration.

4. Replacement with public-supply water mitigated the
effect of salts on the ratios between cations, as well as on the
efficiency of the use of macronutrients and sodium.
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