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ABSTRACT

Phosphate fertilization can mitigate the deleterious effects of
salts in the different stages of okra. The objective was to evaluate
the effect of the cyclical use of water of lower and higher ECw at
different phenological stages under phosphorus fertilization on
productivity and fruit quality of okra. A completely randomized
design was used, in a 4 x 3 factorial scheme, with four irrigation
strategies of cyclical use with water of 0.3 dS/m (W1) and 2.0
dS/m (W2) applied in different phenological stages (IS1 = W1
throughout the cultivation cycle; 1S2 = W2 in the establishment
phase, W1 in the vegetative phase and W2 in the reproductive and
maturation phase; 1S3 = W1 in the establishment phase and W2
in the vegetative, reproductive and maturation phase; and 1S4 =
W1 in the establishment and vegetative phase, and W2 in the
reproductive and maturation phase, with three doses of
phosphorus (0, 50 and 100 kg/ha), and four replications. Cyclic
water use of 0.3 dS/m in the establishment and vegetative phase
and 2.0 dS/m in the reproductive and maturation phase reduced
the thickness of the peel, while for the length of the fruit this
reduction was evidenced with the use of water 0.3 dS/m
throughout the cycle. Doses of 50 and 100 kg/ha provided greater
performance in fruit quality and productivity of okra.

Keywords: Abelmoschus esculentus, simple superphosphate, salt
stress.

RESUMO

Produtividade e qualidade fisico-quimica de frutos de quiabo
irrigado com agua salobra e adubacéo fosfatada

A adubagcdo fosfatada podera mitigar os efeitos deletérios dos
sais nas diferentes fases de cultivo do quiabo. Objetivou-se
avaliar o efeito do uso ciclico de 4&gua de menor e maior CEa em
diferentes estagios fenolégicos sob adubacdo fosfatada na
produtividade e qualidade do fruto do quiabeiro. Utilizou-se o
delineamento inteiramente casualizado, em esquema fatorial 4 x
3, sendo quatro estratégias de irrigacdo de uso ciclico com agua
de 0,3 dS/m (A1) e 2,0 dS/m (A2) aplicadas em diferentes
estagios fenoldgicos (EI1 = Al em todo ciclo de cultivo; EI2 =
A2 na fase de estabelecimento, Al na fase vegetativa e A2 na
reprodutiva e maturacéo; EI3 = Al na fase de estabelecimento e
A2 fase vegetativa, reprodutiva e maturacéo; e EI4 = Al na fase
de estabelecimento e vegetativa, e A2 na fase reprodutiva e
maturagdo, com trés doses de fésforo (0, 50 e 100 kg/ha), e quatro
repeticdes. O uso ciclico de agua de 0,3 dS/m na fase de
estabelecimento e vegetativa e 2,0 dS/m na fase reprodutiva e
maturagdo reduziu a espessura da casca, enquanto para o
comprimento do fruto essa redugdo foi evidenciada com uso de
agua 0,3 dS/m durante todo o ciclo. As doses de 50 e 100 kg/ha
proporcionaram maior desempenho em qualidade do fruto e
produtividade do quiabo.

Palavras-chave: Abelmoschus esculentus, superfosfato simples,
estresse salino.
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kra (Abelmoschus esculentus)

is a vegetable of African

origin belonging to the
Malvaceae family, characterized as an
annual bushy plant with indeterminate
growth and sequential fruit ripening
(Filgueira, 2012).

The world production in 2020 was
about 10.5 million tons from a
harvested area of 2.5 million hectares,
mainly located in the Asian and
African continents with 68.9% and
30.2%, respectively (FAOSTAT,
2020).

In Brazil, okra production is still

modest; however, the southeastern
and northeastern regions, especially
on small farms, provide excellent
climatic conditions for cultivation
(Silva et al., 2021).

Regarding  precipitation,  the
Brazilian semi-arid region is
characterized by seasonal and uneven
rainfall with high evapotranspiration
rates, which favors the concentration
of solutes in surface water sources,
leading to soil and water salinization.
This combination is a major abiotic
constraint on global food production
in arid and semi-arid regions (Minhas
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et al., 2020; Sales et al., 2021; Sousa
et al., 2022a).

Excess dissolved salts in the soil
solution inhibit plant growth by
limiting water uptake through osmotic
effects, altering metabolism, nutrient
uptake, and ionic balance, ultimately
affecting productivity and postharvest
quality (Zhang et al., 2019; Gomes do
Oetal., 2020). In this context, the use
of brackish water in agriculture has
been adopted to mitigate salt stress on
plants, optimize water resource use,
and maximize agricultural
productivity.
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According to Neves et al. (2015),
the use of alternating strategies with
saline water in different stages of
cowpea (Vigna unguiculata) crop
reduced the consumption of good
quality water by up to 47% without
compromising crop yield.

Saifullah et al. (2018) describe
that mineral nutrition enhances plant
development even in unfavorable
environments. Thus, chemical
fertilizers have been used to alleviate
salinity stress in agricultural crops.
Among these macronutrients,
phosphorus is the most demanded by
okra, which can minimize the
negative effects of saline stress on
plant development by increasing the

concluded that the use of higher
salinity during fruiting and pod
formation and lower salinity at all
phenological stages, combined with
100% of the recommended dose of
phosphorus, provided higher
productivity of the crop.

In view of the above, the objective
was to evaluate the effect of the cyclic
use of water with lower and higher
electrical conductivity at different
phenological stages under phosphate
fertilization on the productivity and
quality of okra fruits.

MATERIAL AND METHODS

This research was carried out in
pots, placed in full sun from July to

altitude).  According to  the
classification of Kdéppen (1923), the
climate of the region is characterized
as Aw', tropical with dry winter.
Meteorological data during the
experiment were monitored by a Data
logger (HOBO® U12-012
Temp/RH/Light/Ext) (Figure 1).

The substrate used consisted of
local soil, coarse sand and cattle
manure in a ratio of 5:3:1,
respectively, adapted from Sousa et
al. (2022b). The chemical analysis of
the substrate before fertilization
showed the following results: pHgw.o)
= 6.4; organic matter = 14.5 g/kg; P =
27.0 mg/kg; H+AI = 1.5 cmol/kg; K
= 0.8 cmolc/kg; Ca = 4.5 cmolc/kg;

number of structural units in roots, November 2020, at the Seedling Mg = 0.7 cmolc/kg; Na = 0.7
flowers, and fruits, thus increasing  Production Unit of Auroras (UPMA), cmolc/kg; Sum of bases (SB) = 7.0
productivity. at the Universidade da Integragdo cmolc/kg; ECse = 0.08; Cation
Guilherme et al. (2021), using Internacional da Lusofonia Afro- exchange capacity (CEC) = 8.1
lower quality water at different Brasileira (UNILAB), Redencdo-CE  cmolc/kg;  Exchangeable — sodium
phenological stages of peanut crop  (04°14'53"S, 38°45'10"W, 240 m  percentage (ESP) = 8.0.
under  phosphorus  fertilization,
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Figure 1. Average values of temperature and relative humidity during the experimental period. Recife, UFRPE, 2020.

The okra cv. Santa Cruz 47 was
manually sown in styrofoam trays
with 200 cells of 40 cm?® volume,
using a substrate composed of sand
and charred rice husk in a 1:1 ratio.
Fifteen days after seedling
establishment, transplantation was
carried out in 25 L pots with
dimensions corresponding to a height
of 35 cm and upper and lower
diameters of 34 and 23 cm,
respectively.

The experimental design used was

completely randomized in a 4 x 3
factorial arrangement. The first factor
refers to the adoption of four
irrigation strategies (IS) of cyclic use
with non-brackish water (W1=0.3/m)
and brackish water (W2=2.0/m)
applied at different phenological
stages of the crop. Irrigation strategies
were applied as follows: 1S1 = W1
applied throughout the crop phase;
I1S2 W2 applied in the crop
establishment phase, W1 in the
vegetative phase, and W2 in the
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reproductive and maturation phases;
IS3 = W1 in the crop establishment
phase and W2 in the vegetative,
reproductive, and maturation phases;
and 1S4 = W1 applied in the crop
establishment and vegetative phases,
and W2 in the reproductive and
maturation phases.

The second factor was three doses
of phosphorus (0, 50, and 100 kg/ha),
corresponding to 0, 50, and 100% of
the recommended dose for okra crop,
with four replications. The plant
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development scale for this work was
adapted from a study developed by
Paes et al. (2012) and includes the
initial phase, corresponding to 40
days from planting to crop
establishment, followed by the
vegetative phase from 40 to 60 days,
and ending with the reproductive and
maturation phase from 60 to 100 days
after sowing.

Mineral fertilization was applied
in the establishment (at the time of
sowing) and the rest in the topdressing
(20 and 30 DAS), with 8, 10, and 6
g/pot, corresponding to 80 kg/ha N,
100 kg/ha P:0s, and 60 kg/ha, as
recommended by Trani et al. (2013),
in the sources urea, single
superphosphate, and  potassium
chloride, respectively, for a stand of
10,000 plants/ha, adopting for P»Os
the treatments corresponding to 0, 50,
and 100 kg/ha.

The amount of NaCl, CaCl,.2H-0,
MgCl,.6H20 used in the preparation
of the irrigation water was prepared to
obtain the ratio 7:2:1, according to the
relationship between the electrical
conductivity of water - ECw - and its
concentration (mmol¢/L = EC x 10),
as described in the methodology
proposed by Rhoades et al. (2000).

Irrigation with brackish water was
initiated according to the established
strategies, with a leaching fraction of
15% according to Ayers & Westcot
(1999). Water was applied manually,
with a daily irrigation frequency, and
the irrigation depth  estimated
according to the drainage lysimeter
principle (Bernardo et al., 2019),
keeping the substrate close to the field
capacity. The water volume to be
applied to the plants was determined
by equation 1:

Vi Vp —Vd 1

“1-wr 7

Where: VI = Volume of water to
be applied in the irrigation event
(mL); Vp = Volume of water applied
in the previous irrigation event (mL);
Vd = volume of water drained (mL)
and LF = leaching fraction of 0,15.

Fruits were harvested every two
days throughout the reproductive and
ripening stages, during which the
following variables were measured:
Soluble solids, expressed in Brix
degrees, measured with a

refractometer; fruit pH, determined
with a portable pH meter; number of
fruits/plant, obtained by direct fruit
counting; fruit length (cm), fruit
diameter (mm), and fruit peel
thickness (mm), obtained with a ruler
and a digital caliper, respectively.
Yield was measured on the basis of
fruit mass and estimated in t/ha.

The studied and measured
variables during the research were
analyzed using the Kolmogorov-
Smirnov test (p<0.05) to assess
normality. The data were subjected to
analysis of variance and, being
significant according to the F test, the
means were subjected to Tukey test at
0.01 and 0.05 levels of significance
using the ASSISTAT, version 7.7
Beta computer program (Silva &
Azevedo, 2016).

RESULTS AND DISCUSSION

According to the analysis of
variance, there was no significant
interaction between irrigation
strategies and phosphorus fertilization
doses for any of the variables studied.
However, there was an isolated effect
of phosphorus doses on the number of
fruits per plant, fruit diameter and
yield. For fruit length, a significant
effect was observed only for irrigation
strategy. For fruit peel thickness, an
isolated response was observed for
both irrigation strategies (IS) and
phosphorus doses (PD). On the other
hand, there were no significant
responses for soluble solids and fruit
pH.

The highest values for number of
fruits/plant were obtained with the
application of doses of 50 and 100
kg/ha P, but values were not
statistically different from each other;
however, they were higher than the
control treatment (Figure 2A). This
result indicates that the absence of P
delays plant maturity, reduces
flowering and fruit set, and
consequently results in a reduced
number of fruits, as seen in the
treatment without phosphorus
fertilization.

Souza et al. (2023) observed that
phosphorus  application had a
significant effect on the flowering
period of okra crop, resulting in an
anticipation of this phenological
stage. In addition, the number of fruits
was positively influenced by
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increasing P doses, reaching
maximum values at 80 kg/ha.

For fruit diameter, the doses of 50
and 100 kg/ha of phosphorus differed
from the control treatment, showing
no statistical differences between
them (Figure 2B). These results could
be due to the positive effect of P on
flowering and fruiting of plants,
which contributed to the improvement
of fruit diameter. According to Van
Raij (2011), phosphorus plays an
important role in a variety of plant
compounds and is essential for
various metabolic and energy transfer
processes. Its presence is crucial for
the proper formation of plant
reproductive parts, as well as for the
development and quality of fruits and
seeds.

The results are consistent with
those obtained by Oliveira et al.
(2013), who studied the okra cv.
Clemson Spineless 80; they observed
an increase in fruit diameter with
increased phosphorus fertilization.

The mean values presented in
Figure 2C show that irrigation
strategies 1S2, 1S3, and 1S4 are
statistically different from 1S1. This
effect could be due to the nutrients
present in the salts, that is, MgCl.
could have had a synergistic effect
with phosphorus, contributing to an
increase in this variable. As pointed
out by Malavolta et al. (1997), the
presence of magnesium in the
environment can affect the uptake of
phosphorus (P) by plants, since
magnesium can play the role of
transporting P into plant tissues.

The results obtained, together with
the absence of adverse effects on okra
crop for the other variables analyzed
during the experiment, indicate that
irrigation strategies can be effective.
Water can be used cyclically in okra,
at phenological stages, with an
electrical conductivity of 2.0 dS/m.

Regarding the fruit peel thickness
(Figure 3A), irrigation strategies 1S1,
I1S2 and 1S3 do not show a statistically
significant difference from each other.
However, they differ from strategy
1S4, which consists of irrigation with
water at 2.0 dS/m in the reproductive
phase of the crop, showing tolerance
to brackish water in the initial and
vegetative phases and greater
sensitivity to this variable in the
reproductive phase.
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Figure 2. Number of fruits per plant (A) and fruit diameter (B) of okra as a function of different doses of phosphorus fertilization. Fruit
length (C) subjected different irrigation strategies. Means followed by the same lowercase letters on the bars are not significantly
different by Tukey test (p < 0.05). Redengdo, UNILAB, 2020.
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Pereira et al. (2018) found that salt
stress negatively affected the
thickness of melon fruit rinds. Gomes
do O et al. (2021) observed a decrease
in  mini watermelon fruit rind

thickness with increasing salinity, a
trait that may affect fruit quality and
shelf life as it reduces resistance to
transport and preservation.

The fruit peel thickness showed
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superiority when fertilized with doses
of 50 and 100 kg/ha compared to the
control (Figure 3B), where the lowest
average values were obtained. These
results are due to the fact that
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phosphorus performs the function of
storing and providing chemical
energy such as ATP, which is used in
processes and reactions such as
photosynthesis, cell growth and
division, protein biosynthesis, starch,
and respiration (Chitarra & Chitarra,
2005; Marschner, 2012). For
phosphorus fertigation, Azevedo et al.
(2016) also found a positive effect on
watermelon flesh thickness.

There is a significant response of
yield to phosphorus fertilization
(Figure 3C), with greater
expressiveness at the dose of 50
ka/ha, which provided a productivity
of around 39 t/ha, an increase of
50.5% compared to the control
treatment (25.9 t/ha), which is not
statistically different from the dose of
100 kg/ha, which had an increase of
35.9% (35.2 t/ha), highlighting an
alternative to reduce expenses with
phosphorus  fertilizers  for  the
producer in situations similar to this
work.

According to the study conducted
by Uddin et al. (2014), phosphorus
application had a positive effect on
increasing the yield of okra crop. The
results showed that the dose of 80
kg/ha of phosphorus provided the
maximum productivity values, while
the treatment without phosphorus
fertilization ~ showed minimum
productivity values. Oliveira et al.
(2013), working with the Clemson
Spineless 80 cv., also found positive
effects of P on increasing okra yield.

The cyclical use of water with
lower salinity in the establishment and
vegetative stages and higher salinity
in the reproductive and ripening
stages reduced fruit peel thickness,
while for fruit length, this reduction
was only evident with the use of lower
salinity water throughout the cycle.

Doses of 50 and 100 kg/ha
provided better performance in
number of fruits per plant, fruit
diameter, fruit peel thickness and okra
yield.
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