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HIGHLIGHTS:
The cationic nature has no effect on the water consumption of coriander grown under nutrient solution with high salinity.
The use of waters with prevalence of Mg?+ result in greater leaf area in coriander.
The production and water relations of coriander decrease when grown on brackish water.

ABSTRACT: The use of brackish water for preparation of nutrient solutions has several impacts on crop performance,
depending on the water concentration and cation prevalence. Therefore, this study was conducted to evaluate
production and water relations of coriander grown on nutrient solutions prepared with brackish waters with different
cationic natures under hydroponic conditions. A randomized block experimental design with four replicates was
used, in a 4 x 3 factorial arrangement. The treatments consisted of four electrical conductivities of the nutrient
solution (1.6, 3.2, 4.8, and 6.4 dS m™") which were prepared in waters with different salts (NaCl, CaCl,.2H,0O, and
MgCL.6H,0). Salinity negatively affected the production and water relations of coriander grown in hydroponic
system; plants grown on nutritive solutions with predominance of Na* had higher total dry weight and shoot dry
weights, as well as higher stomatal conductance. The largest leaf area was found when using the nutrient solution
with predominance of Mg?*.

Key words: Coriandrum sativum L., soilless cultivation, salinity

RESUMO: O uso de aguas salobras no preparo de solugdes nutritivas tem diferentes impactos no desempenho das
culturas, dependendo da concentragio e prevaléncia catiénica da dgua. Portanto, este estudo foi realizado com o
objetivo de avaliar a produgdo e as relacdes hidricas do coentro cultivado em solug¢des nutritivas preparadas com
aguas salobras de diferentes naturezas catiénicas em condi¢oes hidrop6nicas. O delineamento experimental adotado
foi de blocos ao acaso, analisado em esquema fatorial 4 x 3, com quatro repetigdes. Os tratamentos consistiram de
quatro niveis de condutividade elétrica da solu¢éo nutritiva (1,6; 3,2; 4,8 € 6,4 dSm™) que foram preparadas em aguas
salinizadas com diferentes sais (NaCl; CaCl,.2H,0 e MgClL.6H,0). A salinidade afetou negativamente a produgio e
as relacdes hidricas do coentro cultivado em sistema hidropdnico; verificou-se que as plantas submetidas as solu¢oes
nutritivas com predominéncia de Na* tiveram maior produc¢éo de massa seca total e massa seca da parte aérea, bem
como maior gs; assim como a maior area foliar foi obtida utilizando solu¢do nutritiva com predominancia de Mg*'.

Palavras-chave: Coriandrum sativum L., cultivo sem solo, salinidade
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Hydroponic coriander grown under nutritional solutions prepared with brackish water of different cation prevalence

INTRODUCTION

The transition from conventional cultivation systems
in soils to soilless cultivation (hydroponics) has been an
alternative for arid and semi-arid regions, mainly for the
growth of leafy vegetables (Santos Junior et al., 2015a; Batista
et al,, 2021).

In hydroponics, the use of waters with high electrical
conductivities has been possible (Silva et al., 2018; Silva et
al., 2022). These results have been partly attributed to the
minimization of the matrix potential in this form of cultivation,
which favors the use of waters with higher concentrations;
however, studies have highlighted the impact of the cation
prevalence in these waters (Santos Junior et al., 2015b;
Muchecua et al., 2022).

Some cations (Na*, Ca** and Mg*") and anions (CI, CO,?,
HCO, and SO*) are prevalent in waters of the Brazilian
Semiarid region (Rodrigues et al., 2019). Studies have reported
successful use of preparation of nutrient solutions for the
growth of several leafy vegetables, such as coriander (Silva et
al., 2016) and rocket (Campos Janior et al., 2018a). However,
improper management in preparing nutrient solutions
may lead to several problems and limit water and nutrient
absorption (Carvalho et al.,, 2018; Dias et al., 2020).

In this sense, studies have evaluated impacts of different
cation prevalence on the use efficiency of macronutrients in
the context of concentrations in brackish water when preparing
nutrient solutions (Muchecua et al., 2022), water relations
(Navarro et al., 2022), and production variables (Martins et
al., 2019a) for leafy vegetables.

Therefore, this study was carried out to evaluate production
and water relations of coriander grown in nutrient solutions
prepared with brackish waters of different cationic natures
under hydroponic conditions.

MATERIAL AND METHODS

The experiment was conducted in November and December
2019, in a greenhouse at the Laboratério de Fertirrigagdo e
Salinidade of the Departamento de Engenharia Agricola of
the Universidade Federal Rural de Pernambuco (UFRPE), in
Recife, PE, Brazil (8°1°7”S, 34°56°53”W, and altitude of 6.5 m).

The environmental conditions of the greenhouse were
assessed through data on temperature and relative humidity
(Figure 1), using a portable weather station (Digitech model
XC0348) installed within the protected environment that
records means every 10 minutes. The mean temperature and
relative humidity were 30.12 + 1.34 °C and 62.16 + 5.90%
during the study period. Reference evapotranspiration was
also monitored, using the Penman-Piché method (Figure 1).

A randomized block experimental design with four
replications was used, in a 4 x 3 factorial arrangement.
The coriander plants were grown under four electrical
conductivities of the nutrient solution (1.6, 3.2, 4.8, and 6.4
dS m™), which were prepared with brackish waters of three
different cationic natures (Na*, Ca**, and Mg?**, obtained by
solubilizing the salts NaCl, CaCl,.2H,0, and MgCl,.6H,0,
respectively).
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Tmin - Minimum air temperature; Tmax - Maximum air temperature; Tmea - Mean air
temperature; RHAmin - Minimum relative air humidity; RHAmax - Maximum relative
air humidity; RHAmea - Mean relative air humidity

Figure 1. Daily mean reference evapotranspiration, relative air
humidity, and air temperature inside the greenhouse, during
the experimental period

The coriander plants were grown in hydroponics; each
experimental block comprised a 2x1.40 m pyramid-shaped
wooden structure with capacity for twelve PVC tubes (Santos
Jinior et al., 2016). Each tube (2-m-long and 100-mm-
diameter) represented an experimental unit. Circular holes
of 60 mm diameter were drilled in the tubes with spacing of
0.14 m between holes, considering the central axis of each
hole. The tubes were installed with zero slope, maintaining a
nutrient solution depth of 0.04 m (corresponding to a volume
of approximately 8 L).

Coriander seeds of the cultivar Verdao (Feltrin® Sementes,
Farroupilha, Brazil) were sown in November 2019, in 180 mL
plastic cups with small holes at the bottom and on all sides,
filled with coconut fiber as substrate (Golden Mix, type 47).
Fifteen seeds were sown per cup. Moisture was maintained
by spraying 100 mL of public water (electrical conductivity
ECw of 0.12 dS m™) twice a day until transplanting to the
hydroponic system.

The brackish waters were prepared using the amount of
the respective salts of each treatment, which was estimated
by [(mg L) = 640 x ECw (dS m™)] Richards (1954). The salts
were dissolved in 20 L of public water (ECw=0.12dS m™). The
treatments based on NaCl, CaCl,.2H,0, and MgCl,.6H,0 had
concentrations of 0, 20.3, 40.6, and 60.90; 0, 9.23, 18.45, and
27.68; and 0, 10.75, 21.51, and 32.26 mmol_L", respectively,
corresponding to electrical conductivities of the brackish
waters 0f0.12,1.72, 3.32, and 4.92 dS m! for the three cationic
nature tested.

Subsequently, fertilizer salts were added to the respective
waters, according to the formulation by Furlani et al. (1999),
using the following quantities for 20 L: 15.0 g of calcium nitrate
(15.5% N and 18.0% Ca), 10.0 g of potassium nitrate (12.0%
N and 45.0% K), and 3.0 g of monoammonium phosphate
(12.0% N and 51% P). Magnesium sulfate (11.0% and 9.0%
Mg) and micronutrients (0.5% B, 0.5% Cu, 2.5% Fe, 2% Mn,
0.2% Mo, and 1.5% Zn) were provided by applying 8.0 g of the
KSC Mix (Timac Agro/Vitas Portugal Lda., Lisboa, Portugal).
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After adding the nutrients, the electrical conductivities of the
nutrient solutions (ECns) evaluated in the present study were
established.

Seven days after sowing (DAS), the coriander was
transplanted to the hydroponic channels previously filled with
8 L of nutrient solution. Twelve bunches of coriander seedlings
were transplanted per channel, with spacing of 0.14 m. The
nutrient solutions were recirculated in the hydroponic channels
twice a day (8:00 a.m. and 4:00 p.m.) during the experiment.
The solutions were applied manually to the channels until the
level of 0.04 m was exceeded. The excess solution in relation to
the level inside the channel returned to the reservoir through
a flexible hose.

The ECns, pH, concentration of dissolved oxygen (mg L"),
and temperature (°C) of the nutrient solutions were measured
daily. Electrical conductivity and pH were measured in the
hydroponic channels using a conductivity meter (AK51) with
precision of 0.01 mS cm™ and a conductivity meter (AK90)
with precision of 0.1, both with automatic temperature
compensation (Akso, Sao Leopoldo, Brazil).

Dissolved oxygen concentrations of the nutrient solution
were measured in the hydroponic channels using a oximeter
(DO Eco) with precision of 0.01 mg L' with automatic
temperature compensation (Akso, Sao Leopoldo, Brazil). The
temperature of the nutrient solutions was simultaneously
measured using the same equipment.

The level of the stock reservoir of nutrient solution was
replaced with their respective brackish water every seven
days, as the water consumption of the plants increased and
the volume of solution in the reservoir decreased.

The harvest was performed at 23 days of cultivation in
the hydroponic system (30 days after sowing - DAS). Four
bunches of plants (formed by 15 plants each) were harvested
and evaluated for total fresh weight (TFW, g per bunch) by
weighing all plants in the cultivation unit (cup), including the
roots, which were then separated from the aerial part, carefully
removed from the cups, and washed to remove the substrate.

The plants were separated into shoot and roots and the
shoot fresh weight (SFW, g per bunch) and root fresh weight
(RFW, g per bunch) were determined on a precision scale.

The fresh material (shoot and roots) was separately placed
in labeled Kraft paper bags and dried in a forced air-circulation
oven at 60 °C until constant weight, to quantify the shoot dry
weight (SDW, g per bunch) and root dry weight (RDW, g per
bunch). The total dry weight (TDW, g per bunch) was obtained
by summing SDW and RDW.

Leaf areas (LA) were obtained by the leaf disc method. All
fresh leaves of four plants per bunch were weighed and counted.
The disks were detached and immediately individually weighed
on an analytical balance. A plant awl with a known area (1.78
cm?) was used. One disk per leaf was removed from the basal
portion, in a region with fine veins.

The leaf area was estimated according to the methodology
of Benincasa (2003) using Eq. 1:

_ DAx(DW +LM)
B DW

LA (1)
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where:
LA -leafarea (cm?);
DA - disk area (cm?);
DW - disk weight (g); and,
LM - leaf weight (g).

On the same day of harvest, gas exchange was evaluated
through stomatal conductance (g, mol H,O m?s™),
transpiration (E, mmol H,O m™s™), and CO, assimilation rate
(A, umol H,O m™?s™") were evaluated using a portable infrared
gas analyzer (LI-6400; LI-COR Biosciences, Lincoln, USA).

The intrinsic water-use efficiency (A/gs - (umol m s™)/
(mol H,O m?s™)) and instantaneous water-use efficiency (A/E
- (umol m* s)/(mmol H,O m~?s")) were estimated after data
collection. Measurements were carried out between 8:30 - 9:30
a.m., in the photosynthetically active radiation range of 1500
umol photons m~?s™ and airflow of 200 mL min™.

Water content (WC) was calculated based on the fresh
(FW) and dry (DW) weights of shoots (SWC) and roots (RWC)
through to the methodology of Benincasa, (2003), using Eq. 2:

WC(%) =

{(SFW—SDW)}
%100 ©)

Water use efficiency (WUE) was calculated based on
the ratio between the SFW (g) and the accumulated water
consumption (WC, L) per bunch of plants in 23 days, according
to Eq. 3:

_ SEM(g)

WUE;y (g L' ) = WC(L)

3)

WC was calculated according to the water consumed from
the reservoir containing the nutrient solution and the number
of plants in the hydroponic cultivation channels.

The data obtained were subjected to analysis of variance by
the F-test (p < 0.05) using the statistical package SISVAR 5.7
(Ferreira, 2019). The electrical conductivities of the nutrient
solution were analyzed through regression analysis, and the
cationic nature of the water were compared by the Tukey’s
test (p < 0.05).

RESULTS AND DISCUSSION

The electrical conductivity of all nutrient solutions
increased during the experimental period, in all cationic
predominance tested, mainly for initial electrical conductivities
higher than 3.2 dS m™. The solution with predominance of
NaCl at ECns of 3.2 dS m™ presented the highest increase
(14.8%) in relation to the initial ECns (Figures 2 A, B, and C,
respectively).

These increases in ECns can be attributed to the input of
salts, as the replacement of the evapotranspiration volume
was carried out using the respective brackish water. Similar
results were found in other works (Martins et al., 2019b; Soares
et al., 2020; Cruz et al., 2021) in which this nutrient solution
management strategy was also used.
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Figure 2. Mean electrical conductivity, pH, temperature, and dissolved oxygen of the nutrient solution with cation prevalence
of NaCl (A), CaCl, (B), and MgCl, (C) for coriander plants grown in a hydroponic system
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The pH remained in the range between 6.0 and 7.2 in all
treatments (Figure 2 A, B, and C, respectively), remaining
within the recommended range by Furlani (1995) for most
crops grown in hydroponic systems, which is 4.5 to 7.5.

Similar dynamic was found for the temperature of the
nutrient solution for all ionic predominance and concentrations
tested, with mean, maximum, and minimum temperatures of
32.3, 33.7, and 29.2 °C respectively, during the experimental
period (Figure 2 A, B, and C, respectively). In general, nutrient
solution temperatures in the range between 20 and 30 °C are
adequate for plant growth (He et al., 2019).

Dissolved oxygen varied between 6.2 and 7.0 ppm in
all treatments until 16 days after transplanting (DAT),
and remained constant, at 6.3 ppm, until the end of the
experimental cycle (Figure 2 A, B, and C, respectively). This
decrease is explained by the increase in volume of roots, and
consequently, in oxygen demand (Silva et al., 2020).

Significant interactions (p < 0.01) were found between the
electrical conductivity and cationic nature of the solutions for
total fresh weight (TFW), shoot fresh weight (SFW), shoot
water content (SWC), and root water content (RWC) (Table
1). The isolate factors had significant effect (p < 0.01) on the
total dry weight (TDW), and shoot dry weight (SDW) (Table
1). Only ECns significantly affected (p < 0.01) the root fresh
(RFW) and dry (RDW) weights (Table 1).

The follow-up analysis of the TFW interaction (Figure
3A) showed that the use of solutions with predominance of
NaCl and MgCl, resulted in the highest TFW, 45.31 and 42.31
g bunch™ at the ECns of 1.6 and 3.03 dS m!, respectively.
Solutions prepared with CaCl,, resulted in linear decreases in
TFW, with a decrease of 9.64% per ECns unit increased.

TDW (Figure 3B) showed a quadratic response to increases
in ECns; the highest TDW was 4.88 g bunch™ at the estimated
ECns of 2.27 dS m™. Regarding the cation sources used, plants
grown on the solution with predominance of NaCl showed
higher TDW (4.40 g bunch!) compared to those grown on
the solution with predominance of CaCl, (3.31 gbunch™) and
MgCl, (3.46 g bunch™). The solutions with the predominance
of CaCl, and MgCl, did not differ from each other (Figure 3B).

Similar to TFW (Figure 3A), SFW data fit to a quadratic
model for NaCl and MgCl.. As for CaCl,, the data fit to linear
models, with decreases in SFW as the ECns was increased
(Figure 3C); the highest SFW were found for the ECns of 1.6
dS m™. The highest SFW for NaCl and MgCl, (39.37 and 35.77

Franz E. C. Navarro et al.

g bunch’, respectively) were found for the ECns 3.01 dS m™.
In solutions with predominance of CaCl,, increases in ECns
resulted in a maximum decrease of 54.97%, corresponding to
a decrease of 10.29% per ECns unit increased.

The treatment with predominance of NaCl resulted in
higher SFW (41.23 and 28.97 g bunch™) between ECns of 3.2
and 4.8 dS m"!, differing (p < 0.05) from CaCl and MgCl.. In
the initial and final ECns (1.6 and 6.4 dS m™!), no differences
(p £ 0.05) were found between cationic natures.

Similar SFW was found treatments with CaCl, and MgCl,
(34.14 and 15.61 g bunch) at the estimated ECns of 2.09
and 6.23 dS m’!, respectively. The intersection of the curves
occurred at the estimated ECns of 3.35 and 5.38 dS m™, for
NaCl and MgClL, corresponding to SFW of 35.45 and 24.88 g
bunch, respectively.

The highest SDW (4.28 g per bunch) was found for the
estimated ECns of 2.24 dS m™ (Figure 3D). Regarding the
different cation sources used, solutions with predominance
of NaCl resulted in higher SDW (3.83 g) than those with
predominance of CaCl, (2.80 g) and MgCl, (2.94 g). However,
solutions with predominance of CaCl, and MgCl, did not differ
in SDW from each other (Figure 3D).

The increase in ECns resulted in different effects on RFW
and RDW (Figures 3E and F). RFW decreased 5.08% per
ECns unit increased (Figure 3E); the highest RDW (Figure
3F) was found for the ECns of 2.65 dS m™!, corresponding to
0.6 g bunch™.

Considering the cationic natures within the ECns, the
lowest SWC were 85.74% (solution with predominance of
NaCl), 87.65% (CaCl,), and 87.28% (MgCl,), at the estimated
ECns of 3.73, 3.61, and 1.79 dS m™, respectively (Figure
3G). The highest SWC found were 89.72, 91.29, and 95.3%,
obtained at the highest ECns level (6.4 dS m™) for solutions
with predominance of NaCl, CaCl, and MgCl,, respectively.

The SWC found for the cationic natures presented no
difference (p = 0.05) at the ECns of 1.6 and 3.2 dS m™'; however,
the nutrient solution with predominance of MgCl, resulted in
higher SWC than those with predominance of NaCl and CaCl,
at the ECns of 4.8 and 6.4.

Considering the ECns range studied, the lowest RWC (89%)
was found for the estimated ECns of 3.61 dS m™, notably, when
Ca? is prevalent in the water (Figure 3H). However, the highest
RWC was found for the highest ECns, corresponding to 94%
for the solution with prevalence of CaCl,. The RWC of plants

Table 1. Analysis of variance of total fresh weight (TFW), total dry weight (TDW), shoot fresh weight (SFW), shoot dry weight
(SDW), root fresh weight (REW), root dry weight (RDW), shoot water content (SWC), and root water content (RWC) of coriander
plants grown under four electrical conductivities of the nutrient solutions (ECns) prepared with salts of different cationic natures

SV = source of variation; CN = cationic nature; CV = coefficient of variation; DF = degrees of freedom; ns, * and ** = not significant, and significant at p < 0.05 and p < 0.01 by the

F test, respectively
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Vertical bars represent the standard error of the mean (n = 4). Different letters indicate significant differences between cationic natures of salts by the Tukey’s test (p < 0.05)
Figure 3. Total fresh weight - TFW (A), total dry weight - TDW (B), shoot fresh weight - SFW (C), shoot dry weight - SDW
(D), root fresh weight - REW (E), root dry weight - RDW (F), shoot water content - SWC (G), and root water content- RWC

(H) of coriander plants in function of electrical conductivities of the nutrient solutions (ECns) prepared with salts of different
cationic natures

Rev. Bras. Eng. Agric. Ambiental, v.27, n.9, p.736-745, 2023.
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grown on solutions with predominance of NaCl and MgCl,
did not show significant differences, presenting means of 89.40
and 90.75%, respectively.

Reductions in coriander production in hydroponic
cultivation due to saline stress have been described in
the literature. Silva et al. (2018) found decreases of 6.08%
and 3.32% in SFW and SDW of coriander, per ECns unit
increased. Martins et al. (2019b) reported losses in TFW,
TDW, RFW, and RDW of coriander plants grown on brackish
nutrient solutions prepared with waters of different cationic
natures. It confirms that high salinity can cause disturbances
in plant metabolism, restricting growth and causing yield loss
(Silveira et al., 2016).

Significant interactions were found between ECns and
cationic nature for water consumption (WC) and water use
efficiency (WUE) (Table 2).

The effect (p < 0.01) of the isolated factors was significant
for stomatal conductance (g ), intrinsic water-use efficiency (A/
g), and leaf area (LA) (Table 2). Only the ECns significantly
affected (p < 0.01) transpiration (E), and instantaneous water-
use efficiency (A/E) (Table 2).

Stomatal conductance (g ) decreased linearly as the ECns
was increased, varying 44.8% from the lowest to the highest
ECns, corresponding to a decrease of 5.84% per ECns unit
increased (Figure 4A). The cationic natures differed (p <
0.05) in g from each other; plants grown on solutions with
predominance of NaCl in the nutrient solution presented
higher g, followed by the solutions with CaCl, and MgCl,;
which is probably because NaCl is a monovalent cation.

The highest E was found for the estimated ECns of 2.66
dS m", corresponding to 2.72 mmol H,O m* s (Figure 4B).
Considering the cationic natures within the ECns (Figure
4C), the WC decreased 4.53% per ECns unit increased in the
solution with the predominance of NaCl, and 3.14% in the
solution with MgCl,. The solution with predominance of CaCl?
presented the highest WC (0.72 L bunch™) for the estimated
ECnsof 1.6 dSm™.

The highest means were found for plants grown on solutions
with predominance of NaCl and MgCl, 0.67 and 0.62 L bunch™
at the ECns of 3.2 and 4.8 dS m’, respectively, differing (p <
0.05) from plants grown on solutions with predominance of
CaCl, and MgCl,, however, at the ECns of 1.6 and 6.4 dS m,
no significant difference was found among WC means. At the
estimated ECns of 2.4 and 4.9 dS m™, the WC of plants grown

Franz E. C. Navarro et al.

on solutions with the predominance of CaCl, and MgCl, and;
NaCl and MgCl, were equivalent, corresponding to WC of
0.67 and 0.61 L bunch™.

Solutions with predominance of NaCl and MgCl,
presented the highest WUE, 54.03 and 55.16 g L, for
the estimated ECns of 2.14 and 3.28 dS m™ (Figure 4D).
The increase in ECns caused a linear decrease in WUE of
coriander plants when using the solution with predominance
of CaCl,, which was 41.69% from the lowest to the highest
ECns. a significant difference in WUE was found only in
the ECns of 4.8 dS m™'; plants grown on solutions with
predominance of MgCl, presented higher WUE (46.69 g L),
differing (p < 0.05) from the other cation sources, which did
not differ from each other.

The WUE in plants grown on solutions with predominance
of CaCl, and MgCl, were similar for the estimated ECns of
2.03 and 5.98 dS m’}, with 50.09 and 31.31 g L, respectively.
Solutions with the predominance of NaCl and MgCl, presented
similar WUE for the estimated ECns of 2.62 and 5.39 dS m’,
representing a WUE of 53.75 and 40.59 g L', respectively.

A/gs was negatively affected by the increases in ECns
(Figure 4E), fitting to a quadratic regression; the highest A/
gs found was 97.60 pmol m?s”'/mmol H,O m?s", for the
estimated ECns of 3.43 dS m™. Considering only the cationic
natures, solutions with predominance of MgCl, had higher
Algs (83.9 umol ms'/mmol H,O m“s™"), differing (p < 0.05)
from solutions with predominance of NaCl and CaCl,, which
did not differ (p > 0.05) from each other.

The increases in ECns affected the A/E (Figure 4F), which
fit to a quadratic regression model. The highest A/E found was
3.96 umol (CO,)/mmol (H,0), for the estimated ECns of 3.19
dS m* (Figure 4F).

LA was affected by the increases in ECns (Figure 4G), fitting
to a quadratic regression model, the highest LA found was
3.35 cm?, for the estimated ECns of 1.6 dS m™!. Considering
only the cationic natures, the solution with predominance of
MgCl, had higher LA (3.04 cm?), statistically differing from
the NaCl and CaCl, solutions, which did not statistically differ
from each other.

Stomatal closure is one of the first defense mechanisms
of plants against saline stress. Low g_were found under high
ECns, which triggered limitations in transpiration and A/
gs, as also found in other studies (Freire et al., 2014; Campos
Junior et al., 2018b).

Table 2. Analysis of variance of stomatal conductance (g ), transpiration (E), water consumption (WC), water use efficiency
(WUE), intrinsic water-use efficiency (A/gs), instantaneous water-use efficiency (A/E), and leaf area (LA) of coriander plants
grown under four electrical conductivities of the nutrient solutions (ECns) prepared with salts of different cationic natures

SV = source of variation; CN = cationic natures; CV = coefficient of variation; DF = degrees of freedom; ns, * and ** respectively not significant and significant at p < 0.05 and p <

0.01 by the F test
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E (mmol H,0 m?s™)

A/gs (umol m? s”/mmol H,0 m? s™)
A/E [umol (CO,)/mmol (H,0)]

Vertical bars represent the standard error of the mean (n = 4). Different letters indicate significant differences between cationic natures of the salts by the Tukey’s test (p < 0.05)
Figure 4. Stomatal conductance - g (A), transpiration - E (B), water consumption - WC (C), water use efficiency - WUE (D),
intrinsic water-use efficiency - A/gs (E), instantaneous water-use efficiency - A/E (F), and leaf area - LA (G) of coriander plants
in function of electrical conductivities of the nutrient solutions (ECns) prepared with salts of different cationic natures
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The results found for WC, g, and biomass production were
more expressive for plants grown on solutions with prevalence
of Na, compared to those grown on solutions with prevalence
of Ca and Mg. It can be attributed to several factors connected
to the effect of the cation prevalence on the nutrient solution:
(i) the different ion exchange selectivity of the cations; (ii) the
different absorption energy levels of the cations; (iii) the greater
susceptibility of calcium to precipitation. These factors affected
the intensity of osmotic and ionic components, which result
in different levels of response in plants.

Silva et al. (2018) found decreases in WC of 5.26 and 5.85%
per ECns unit increased in coriander plants. Guimaraes et al.
(2019) evaluated crisp lettuce cultivars in a hydroponic system
and reported decreases in E and WUE of 32.2 and 46.2% for
ECns ranging from 1.6 to 7.6 dS m™, respectively. Cavalcante et
al. (2019) evaluated gas exchange and photochemical efficiency
of hydroponic pepper grown on a solution with high salinity
and found decreases in g, E, and A/E as the ECns was increased
from 1.7 to 11.7 dS m™'. Reboucas et al. (2013) found decreases
in LA of coriander plants grown in a hydroponic system due
to increases in ECns.

CONCLUSIONS

1. The shoot and root biomass productions and water
consumption of coriander decreased with increasing electrical
conductivity of the nutrient solution.

2. The growth of coriander in nutrient solutions with
predominance of Na* presented higher total dry weight and
shoot dry weight, as well as higher stomatal conductance.

3. The cationic nature of the water used in the preparation
of the nutrient solution did not affect the instantaneous water-
use efficiency.
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