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ABSTRACT

The objective of this study was to evaluate the effect of calcium
supplementation on saline water as a minimizing agent of saline stress
in okra cultivars. The experiment was carried out in a greenhouse in
Mossoro-RN using a completely randomized experimental design in a
2x5 factorial scheme with four replications. Two okra cultivars (Santa
Cruz 47 and Valenga) were tested fertigated with five fertigation
managements [F 1= irrigation with non-saline water (0.5 dS m™) and
fertigation with a standard dose of calcium (4,733.8 mg plant™!); F2,
F3, F4 and F5=irrigation with saline water (3.5 dS m™) and fertigation
with increasing doses of calcium (4,733.8; 7,100.7; 9,467.7 and
11,834.5 mg plant’!, respectively)]. Plants were collected at 120 days
after emergence and evaluated for growth variables (plant height, leaf
number, stem diameter, leaf dry mass, stem, fruit and total) and yield
(fruit number, average length of fruits, average diameter and yield).
Cultivar Santa Cruz 47 presented the highest vegetative development
but cultivar Valenga was earlier and presented the largest number of
harvests (19), allowing more harvested fruits (27 fruits per plant) and
the highest yield (659 g plant). The cultivars were not affected by the
saline level and showed little response to extra calcium fertilization.
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RESUMO

Suplementacio com calcio nas solu¢des nutritivas para
mitigar o estresse salino no quiabeiro fertirrigado

Objetivou-se avaliar o efeito da suplementagdo calcica em
agua salina como agente minimizador do estresse salino em
cultivares de quiabeiro. O experimento foi desenvolvido em casa de
vegetagdo, em Mossor6-RN utilizando o delineamento experimental
inteiramente casualizado, em esquema fatorial 2x5, com quatro
repeticdes. Foram testadas duas cultivares de quiabeiro (Santa Cruz
47 e Valenga) fertirrigados com cinco manejos de fertirrigagao [F1=
irrigagdo com agua ndo salina (0,5 dS m™) e fertirrigagdo com dose
padrdo de calcio (4.733,8 mg planta™); F2, F3, F4 e F5=irrigagdo com
agua salina (3,5 dS m™) e fertirrigagdes com dose crescentes de calcio
(4.733,8;7.100,7;9.467,7 e 11.834,5 mg planta’!, respectivamente)].
As plantas foram coletadas apds 120 dias da emergéncia e avaliadas
quanto aos fatores de crescimento (altura de plantas, numero de
folhas, didmetro do caule, biomassa seca de folhas e biomassa seca de
caule) e rendimento (niimero de frutos, comprimento médio de frutos,
diametro médio e produgdo). A cultivar Santa Cruz 47 apresentou
maior desenvolvimento vegetativo mas a cultivar Valenga foi mais
precoce e apresentou maior niimero de colheitas (19), possibilitando
mais frutos colhidos (27 frutos por planta) e maior produgdo (659 g
planta). As cultivares ndo foram afetadas pelo nivel salino utilizado
e apresentaram pouca resposta a adubagao extra de calcio.

Palavras-chave: Abelmoschus esculentus, salinidade, manejo da
fertirrigagdo.
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kra (Abelmoschus esculentus)

is grown in several tropical,
subtropical and temperate regions of
the world, as its tolerance to hot weather,
makes okra a versatile vegetable in
relation to climatic adaptation. Okra
fruits are rich in calcium, iron, vitamins
A, B and C, in addition to being a good
source of carbohydrates, proteins and
minerals (Moraes et al., 2018; Santos
et al., 2019). This crop is originated
from Africa or India, being an annual
vegetable belonging to Malvaceae

324

family (Ferreira et al., 2012).

Okra production in Brazil was
128.460 t in 2017 (IBGE, 2018), being
the main producers the Northeast and
Southeast regions; the state of Sao
Paulo stands out as the largest producer,
growing an area of 1.445 ha (IEA,
2021).

Okra demands too much water, so
irrigation is very important (Ferreira et
al., 2012). In the Brazilian Northeast,
irrigation is essential for producing
okra all year long; however, due to

water limitation, the use of this input
needs to be rational (Nascimento et al.,
2017). Another limiting factor, besides
the appropriate irrigation management,
is the quality of irrigation water,
especially in relation to dissolved salts
concentration (Ferreira et al.,2012). The
excess of dissolved salts, both in the soil
solution and in the irrigation water, is
one of the most serious problems faced
by world agriculture, as it provides stress
conditions and reduced productivity in
most varied species of cultivated plants
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(Fernandes et al., 2010).

Salinity causes osmotic stress in
plants, due to the imbalance of the
osmotic potential between the soil and
the plant. The ionic effect causes toxicity
in the plant due to a high concentration
of specific ions in soil and nutritional
imbalance, due to the reduction in
the uptake of essential elements for
development (Munns & Tester, 2008;
Silva et al.,2013; Flowers et al., 2015).
All these characteristics can result in a
lower water uptake and, consequently,
nutrient uptake too, causing a reduction
in photosynthesis, growth, yield and
fruit quality (Taiz et al., 2017; Modesto
etal., 2019).

Growing more tolerant species is
a good strategy for obtaining better
plant development under high salinity
conditions, concerning both soil and
irrigation water. Okra has a salinity
threshold limit of 1.3 dS m™' (Maas,
1984); salinity tolerance depends on the
genotypic variation among okra species,
though (Haq et al., 2010).

Another strategy would be
an appropriate mineral nutrition,
considering that one of the negative
effects of high saline levels on plants is
nutritional imbalance. This imbalance is
caused, mainly, by a greater sodium and
chlorine accumulation in leaf tissues to
the detriment of nutrient uptake such as
calcium, due to the antagonistic effect
between these nutrients (Marschner,
2012).

Calcium is an element that makes
up the molecule of one or more organic
compounds in the plant, such as cell wall
calcium pectate (Faquin, 2005), being
an important agent for maintaining the
osmotic balance in plants (Lacerda et al.,
2004). In addition, calcium can change
the chemical quality of fruits (Korkmaz
etal., 2017).

Studying other vegetables of
this kind, several authors have been
verifying that calcium supplementation
in nutrient solution or foliar application
was efficient to mitigate the deleterious
effect of salinity on fruit yield and
quality (Tantawy et al., 2014; Nizam
etal., 2019).

Thus, the addition of extra calcium
in waters with greater salinity can
neutralize the negative effects of

sodium on okra crop. The aim of this
study was to evaluate the effect of
calcium supplementation in saline
water as an agent to minimize salt stress
in okra cultivars.

MATERIAL AND METHODS

Experimental area

The experiment was carried out from
November, 2017 to February, 2018, in
a greenhouse in Centro de Ciéncias
Agrarias (CCA), at Universidade Federal
Rural do Semi-Arido (UFERSA),
Mossoro, RN (5°12°04”’S,37°19°39”W,
18 m altitude). The greenhouse covered
126 m?, 18-m length, 7-m width,
top cover of transparent low-density
polyethylene film, transparent light
diffuser (low density polyethylene film,
LDPE), 150 microns thick and anti-UV
additive.

Experimental design

The experiment was carried out in a
completely randomized design, in a 2x5
factorial scheme, with four replicates.
The experimental unit consisted of one
20-L pot, one plant per pot, totalizing
40 plants. The soil used was the Argisol,
presenting the following chemical
characteristics: pH=7.30; CE |, ;=0.41
dS m'; MO= 3.31; (P=1.9; K'= 26.9;
Na™= 4.7; Ca*= 1.1) mg dm?; (Mg>=
0.7; (H+Al)= 1.49; SB=1.89; t= 1.89;
CTC= 3.37) cmolc dm?; V(%)= 56;
PST(%)=1.21.

Treatments

The treatments consisted of two okra
cultivars (Santa Cruz 47 and Valenca)
using five fertigation managements,
being one management without
saline water (0.5 dS m™) and the other
treatments using saline water (3.5 dS
m'), according to Table 1.

For a lower salinity (F1), we
used water from a deep well located
in UFERSA campus, showing the
following chemical attributes: pH= 8.30;
CE= 0.50 dS m'; (Ca*= 3.10; Mg*=
1.10; K™= 0.30; Na*= 2.30; Cl= 1.80;
HCO,= 3.00 and CO,*= 0.20) mmol
L. To obtain the saline water (3.5 dS
m), we used sodium chloride (NaCl)
dissolved in lower salinity water (F1).
We adjusted salinity with the aid of a
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bench conductivity meter.

Five seeds were sown directly onto
the soil, in each pot, at 2.0 cm depth.
Seedlings were thinned 10 days after
emergence (DAE), leaving just the most
vigorous one in each pot. The pots were
kept in the greenhouse, spacing 1.2 m
between lines and 0.5 m between plants.
From sowing to thinning, the pots were
irrigated twice a day, in the morning
and in the afternoon, using a fine-sived
watering can.

The authors adopted the drip
irrigation system previously evaluated
under normal operating conditions.
Microtube emitters, also called
“spaghetti” tubes were used, internal
diameter 1.5 mm, length 0.5 m, with
4.5 L h'!" average flow, with an emitter
installed in each pot.

Two independent systems were
installed, one for the lower salinity
water (F1) and another for salinity
waters (F2, F3, F4 and F5), using a
circulating pump Metalcorte/Eberle,
self-ventilated, model EBD250076,
driven by a single-phase motor, 210 V
voltage, 60 Hz frequency, a reservoir
(310-L water tank), 16-mm-diameter
hoses and microtubes.

Six daily irrigations were carried
out, at 2-hour intervals, beginning at
7 a.m., for five minutes. During the
experiment, each irrigation period
became longer according to the plant
development (Table 2).

Fertigations were done weekly,
according to each treatment. The pace
of macronutrient uptake of okra crop
was used, obtained by Galati et al.
(2013), with the following nutrient
quantities: N= 2,930.8 mg plant’; P=
473.7 mg plant'; K= 6,002.8 mg plant';
Ca= 4,733.8 mg plant!; Mg= 1,196.3
mg plant’'; S= 436.2 mg plant’. Thus,
according to the nutritive solutions, the
following calcium quantities provided
by calcium nitrate fertilizer were
applied: F1 and F2=4,733.8 mg plant’';
F3=7,100.7 mg plant'; F4=9,467.7 mg
plant’; F5 = 11,834.5 mg plant™.

During the experiment, phytosanitary
control was carried out. We used
the insecticide with active ingredient
Imidacloprid 700 g kg, belonging to
the chemical group Neonicotinoid, IV
toxicology, at a dose of 20 g 100 L.
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Studied factors

At the end of the experiment (120
DAE) the plants were harvested and
the following traits were evaluated:
plant height (PH), using a measuring
tape graduated in cm, measuring from
substrate surface to the shoot tip;
number of leaves (NL), counting all
the leaves longer than 1.0 cm; stem
diameter (SD), measured with the aid
of a digital caliper, 2.0 cm from the
cutting site, considering the average of
two measurements collected using the
perpendicular positions; leaf dry mass
(LDM) and stem dry mass (SDM)), fruit
dry mass (FDM) and total dry mass
(TDM). To determine the dry mass,
each part of the plant was dried in an
oven at 65°C, with forced air circulation
until reaching constant mass. For yield,
the fruits were harvested manually, as
they reached a minimum 12-cm length,
being still tender, without fibers, easily
checked by breaking the tip of the
fruit (ideal harvest point). Thus, the
quantity of harvests differed between
the cultivars, due to greater earliness of
the cultivar Valenga, being performed 19
and 8 harvests, considering the cultivars
Valenca and Santa Cruz 47, respectively.

In each harvest, the fruits were
counted, obtaining the number of
fruits (NF), which were evaluated for
average length of fruits (LFR), using a
ruler graduated in centimeters; average
diameter of fruits (DFR), obtained using
a digital caliper. Then, these fruits were
weighed with a precision scale (0.01 g),
obtaining the fresh mass and the fruit
production (PROD).

Statistical analysis

Data were submitted to Shapiro-
Wilk normality test and the variance
analysis was performed using F test.
The averages obtained in each treatment
were compared among each other by
Tukey test (p<0.05). The statistical
analyses were carried out using Sisvar
statistical software (Ferreira, 2014).

RESULTS AND DISCUSSION

Development

We found no significant difference
for plant height (PH) considering all the
evaluated factors, including interaction
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between the factors. However, number
of leaves (NL) and stem diameter (SD)
were significantly affected (p<0.01) for
the isolated cultivar factor, as well as
the fruit dry mass (FDM) for fertigation
(Table 3). No significant difference
between cultivars was noticed, and also
no significant difference for fertigations
considering plant height (PH) was
noticed, obtaining an average of 146.4
cm. For number of leaves (NL) and stem
diameter (SD), the cultivar Santa Cruz
47 was superior to cultivar Valenca on
94.88 and 31.09%, respectively, but
cultivar Valenca was 41.2% superior,
considering the fruit dry mass (FDM)
(Table 3).

For the effect of fertigations on
cultivars, the authors verified no
significant response for PH, NL, SD
and FDM, obtaining averages of 146.3
cm, 31.7 leaves, 30.4 mm and 63.55 g
plant!, respectively (Table 3).

These results corroborate, somehow,
the results presented by Ferreira et al.
(2012) and Nascimento et al. (2017).
Evaluating the effect of saline stress on
okra cultivar Santa Cruz 47, Ferreira et
al. (2012) also observed no response to
salinity for stem diameter and number
of leaves. Plant height reduced when the
plant was irrigated using more saline
water. Nascimento et al. (2017) also
verified that the number of flowers was
not affected by salinity, although the
height and diameter of the stem were

reduced under higher salinities, which
may be related to higher saline levels
used. The values of the stem diameter
did not change, probably, due to a higher
accumulation of reserves in the plant
stem in response to salinity (Ferreira et
al.,2012).

Thus, no salinity effect (F2) on
the evaluated variables was noticed
in relation to the standard fertigation,
with no NaCl addition (F1), showing
that, concerning to these variables, the
cultivars showed tolerance to the salinity
used in this study (3.5 dS m™'). The
tolerance of okra in relation to salinity
depends on the genetic variation among
the genotypes (Haq et al., 2010). This
statement is completed by Ferreira et
al. (2012) who state that the absence
of salinity effect can be related to
physiological traits related to the crop.

Evaluating the leaf dry mass (LDM)
and stem dry mass (SDM), and total
dry mass (TDM), the authors verified
that the cultivars differed between each
other in all fertigations, except for
the standard fertigation (F1) (Figure
1). For LDM, cultivar Santa Cruz 47
was superior to Valenca, 194.4; 84.5;
157.1 and 218.3%, respectively, for
fertigations F2, F3, F4 and F5 (Figure
1A). For MSC, Santa Cruz 47 was
superior to Valenga, 24.18; 194.4; 84.5;
157.1 and 218.0%, in fertigations F1,
F2 F3, F4, F5, respectively (Figure
1B). For TDM, no significant difference

Table 1. Description of fertigation applications in the experiment. Mossor6é, UFERSA, 2018.

Fertigation CEa Ca doses Referential (Galati ef
applications (dS m™) (mg plant™) al., 2013)

Fl 0.50 4,733.8* 100%

F2 3.50 4,733.8 100%

F3 3.50 7,100.7 150%

F4 3.50 9,467.7 200%

F5 3.50 11,834.5 250%

Table 2. Detailing irrigation management and water applied in the experiment. Mossoro,

UFERSA, 2018.

Crop stages (days after emergence)

Irrigation management

0-40 41-80 81-120
Time per event (min) 5 7 9
Daily irrigation time (min) 30 42 54
Water applied daily (L plant™) 2.25 3.15 4.05
Water amount applied at different 90 126 162

development stages (L plant)
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Table 3. Average values of plant height (PH), number of leaves (NL), stem diameter (SD) and fruit dry mass (FDM) of two okra cultivars
submitted to different doses of calcium applied via fertigation with saline water. Mossord, UFERSA, 2018.

Cultivars PH (c¢m) NL SD (mm) FMD (g plant™)
Valenga 143.15a 21.50b 26.34b 74.4 a
Santa Cruz 47 149.65 a 4190 a 3453 a 52.7b
Fertigation applications

F1# 157.75a 26.75 a 30.15a 54.7 a
F2 143.00 a 29.62 a 2937 a 723 a
F3 145.12 a 32.00 a 30.78 a 60.1a
F4 147.87 a 3387 a 30.10 a 66.7 a
F5 137.75a 36.25a 31.77 a 639a
Cultivar (C) ns woH woH woE
Fertigation (F) ns ns ns ns
CxF ns ns ns ns
CV (%) 11.91 23.93 8.42 27.96

ns;**=non-significant and significant at 1%, respectively. “F 1= irrigation with no-saline water (0.5 dS m™") and fertigation with standard dose
of calcium (4,733.8 mg plant'); F2, F3, F4 and F5= irrigation with saline water (3.5 dS m™) and fertigation applications with increasing doses
of calcium (4,733.8; 7,100.7; 9,467.7 and 11,834.5 mg plant’, respectively). Average values followed by the same letter, in the columns,
do not differ among each other by Tukey test (p<0.05).

Table 4. Values of average length of fruit (LFR), diameter of fruit (DFR), number of fruits (NFR), fruit production (PROD) of two okra
cultivars submitted to different doses of calcium applied via fertigation with saline water. Mossord, UFERSA, 2018.

Cultivars LFR (cm) DFR (cm) NFR PROD (g plant™')
Valenga 16.94 a 1.88 a 27.10a 659.23 a
Santa Cruz 47 16.12 a 1.87a 19.85b 496.75b
Fertigation

F1* 1691 a 1.86 a 20.62 a 553.61a
F2 16.17 a 1.89 a 2550 a 62091 a
F3 16.39 a 1.84 a 24.12 a 55091 a
F4 16.62 a 1.90 a 23.87 a 59322 a
F5 16.57 a 1.88 a 2325a 571.27 a
Cultivar (C) ns ns woE woE
Fertigation (F) ns ns ns ns

CxF ns ns ns ns

CV (%) 6,03 7,12 23,63 19,16

ns;**=non-significant and significant at 1%, respectively. “F 1= irrigation with no-saline water (0.5 dS m™") and fertigation with standard dose
of calcium (4,733.8 mg plant'); F2, F3, F4 and F5= irrigation with saline water (3.5 dS m™) and fertigation applications with increasing doses
of calcium (4,733.8; 7,100.7; 9,467.7 and 11,834.5 mg plant’!, respectively). Average values followed by the same letter, in the columns,
do not differ among each other by Tukey test (p<0.05).

relation to F1. We also noticed that when

between the cultivars in fertigation F1
was noticed; nevertheless, cultivar Santa
Cruz 47 was superior, 97.0; 46.7; 96.8
and 107.8%, in fertigations F2, F3, F4
and F5, respectively (Figure 1C).

In relation to fertigation effect,
the authors observed that for the three
variables (LDM, SDM and TDM), the
only significant response was for cultivar
Santa Cruz 47. LDM increased 39.9 g
plant! (73.45%) in fertigation F4 in

saline fertigation with no extra Ca (F2)
was used MSF increased 30.9 g plant’!
(56.97%), comparing to the standard
fertigation F1 (Figure 1A). For SDM,
we observed similar behavior, with
an increase of 95.7 g plant! (73.43%)
in fertigation F4, in relation to F1.
Comparing the fertigation without Ca
(F2) with standard fertigation (F1), the
authors observed an increase of 74.2 g
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plant! (56.96%) (Figure 1B). For TDM,
we also verified that the highest values
were obtained with the use of saline
fertigation, regardless of the addition
of extra Ca. We verified an increase of
160.2 g plant” (71.8%) in TDM in F4
in relation to F1 and 130.35 g plant’
(58.43%) in treatment 2 compared to
the standard treatment (F1) (Figure 1C).

Evaluating the variables LDM,
SDM and TDM together, we verified a
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similar behavior between them, with a
positive response for the cultivar Santa
Cruz 47 to the addition of NaCl in
fertigation solution and no response to
Ca application. These results suggested

ST Santos et al.

that the saline level used was not
sufficient to cause saline stress to plants,
although it was higher than the salinity
threshold for the crop (1.3 dS m™)
(Maas, 1984). For the cultivar Valenga,
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Figure 1. Leaf dry mass (A), stem dry mass (B) and total dry mass (C) in okra cultivars
submitted to different doses of calcium applied via fertigation with saline water. F1=irrigation
with non-saline water (0.5 dS m™) and fertigation with standard dose of calcium (4,733.8
mg plant?); F2, F3, F4 and F5= irrigation with saline water (3.5 dS m) and fertigation
applications with increasing doses of calcium (4,733.8; 7,100.7; 9,467.7 and 11,834.5 mg
plant’, respectively). ns;**= non-significant and significant at 1%, respectively. Mossoro,

UFERSA, 2018.
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no effect of fertigation was observed,
regardless of the addition of extra
calcium. Besides, the fact that cultivar
Santa Cruz 47 showed to be superior
to cultivar Valenga at higher doses of
calcium, it may indicate that this cultivar
is more demanding considering this
nutrient.

Several authors reported a decrease
in dry masses of leaves and stem in
okra plants grown under saline stress
(Unliikara et al., 2008; Nascimento
et al., 2017; Modesto et al., 2019).
The differences related to the results
obtained in this study comparing with
the ones found in literature can be
explained, partly, due to the genetic
variability and to growing conditions, as
in protected cultivation the plants show
a lower water requirement.

In relation to extra Ca
supplementation (F3, F4 and F5), no
effect on any cultivar was observed,
comparing with saline treatment (F2),
differing from the results obtained
by Nizam et al. (2019), working
with other fruit vegetables. Calcium
supplementation did not affect any of
the cultivars, maybe because of the
high sodium concentration, which
inhibited calcium uptake due to the
antagonistic effect between these
elements (Marschner, 2012).

Yield

The variance analysis did not
show any significant response for
interaction between cultivar factors and
fertigation, not even for the isolated
factor fertigation concerning average
length of fruits (LFR), average diameter
of fruit (DFR), number of fruits (NFR)
and production (PROD). However,
we verified a significant response
for the isolated factor cultivar for
NFR and PROD (p<0.01), not being
verified significant response for the
other variables (Table 4).

Cultivar Valenga was superior
to cultivar Santa Cruz 47 for NFR
and PROD in 36.52 and 32.71%,
respectively. No difference between
cultivars, considering LFR and DFR
was verified. These variables showed
average values of 16.53 cm for LFR and
1.87 cm for DFR (Table 4).

The superiority of the cultivar
Valenga is related to a higher number
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of harvested fruits, considering that no
variation between the cultivars for fruit
size (LFR and DFR) was observed.
This can be explained by the fact that
Valenga is an earlier cultivar comparing
with cultivar Santa Cruz 47, providing
higher number of harvests. The fact that
okra harvest is performed according to
the size of fruit (ideal harvest point)
explains the absence of significant
difference between the cultivars for
LFR and DFR. Harvesting okra every
two days is the best way to obtain fruit
at the ideal harvest point (Oliveira et
al., 2007).

In relation to effect of fertigation,
according to what was previously
mentioned, no significant effect on any
variables was noticed. The experiment
showed averages of 16.53 cm for fruits
average length; 1.89 cm for average
fruit diameter; 23.5 fruits per plant and
production of 577.98 g plant! (Table 4).

Similar results were reported by
Ferreira et al. (2012), showing that the
saline level in irrigation water (2.5 dS
m') did not affect the number of fruits
and production of grains of okra cultivar
Santa Cruz 47. Nevertheless, the use of
water with electrical conductivity above
the threshold salinity recommended for
okra (1.3 dS m™) results in a reduction
in crop yield (Elshaikh et al., 2017;
Modesto et al., 2019).

Higher salinity stress tolerance in
okra has been observed in some other
studies. Modesto et al. (2019) obtained
threshold salinity of 5.43 dS m! in
hydroponic system and Unliikara et al.
(2008) obtained 3.48 dS m™ growing
okra in soil conditioned in pots in
protected cultivation, implying that
genetic material and growing system
change the response of okra to salinity.
According to Ferreira et al. (2012),
tolerance to salinity is related to several
genes, as it could also be influenced by
factors related to interaction between
the environment, development and plant
physiology.

No effect of saline water on okra
was observed. This fact may be
related to the high frequency irrigation
adopted in this experiment, since
as the soil moisturize is kept close
to field crop evapotranspiration is
favored, consequently reducing the

effects of salinity on biochemical and
physiological processes, which would
directly result in losses in development
and yield (Ljubojevi et al., 2017).

In general, the salinity used in this
experiment was not enough to cause
saline stress on plants, probably due to
the irrigation management adopted, it
means, high irrigation frequency.

Thus, the authors concluded that
an extra calcium application did not
improve the development and yield
of okra irrigated with saline water.
The cultivar Valen¢a was the most
productive as it is an earlier cultivar,
providing a greater number of harvests,
being recommended to be grown in
regions where water shows saline level
up to 3.5dS m™.
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