BRraziLIAN 4=
JOURNAL oF
BioLocy*

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

Original Article

Photosynthetic pigments and quantum yield of West Indian
cherry under salt stress and NPK combinations

Pigmentos fotossintéticos e rendimento qudntico de aceroleira sob estresse salino e
combinacdes de NPK

A. M. Silva Filho** @, D. S. Costa® @, H. R. Gheyi* ®, A. S. Melo® @, A. A. R. da Silva® ®, K. G. Nunes® @, S. I. Bonou? @,

A.R.Souza* @, R. L. S. Ferraz¢ © and R. Nascimento?

aUniversidade Federal de Campina Grande - UFCG, Unidade Académica de Engenharia Agricola - UAEA, Campus Campina Grande, Campina Grande,
PB, Brasil

bUniversidade Estadual da Paraiba - UEPB, Programa de P6s-graduagdo em Ciéncias Agrarias - PPGCA, Campus Campina Grande, Campina Grande,
PB, Brasil

Universidade Federal de Campina Grande - UFCG, Unidade Académica de Tecnologia do Desenvolvimento, Campus Sumé, Sumé, PB, Brasil

Abstract

West Indian cherry cultivation has proved to be an important economic activity in northeastern Brazil. However,
irrigation with brackish waters limits cultivation, requiring new strategies to minimize the effect of salt stress.
In this context, the present study aimed to evaluate the effect of nitrogen (N), phosphorus (P), and potassium
(K) combinations on the photosynthetic pigments and quantum yield of West Indian cherry cultivated under
salt stress, in the second year of production. The assay was conducted in a protected environment by adopting
an experimental design in randomized blocks, with treatments distributed in a 2x10 factorial arrangement
referring to two electrical conductivity levels of irrigation water - ECw (0.6 and 4.0 dS m') and 10 NPK fertilization
combinations - FC (80-100-100; 100-100-100; 120-100-100; 140-100-100; 100-80-100; 100-120-100; 100-140-100;
100-100-80; 100-100-120, and 100-100-140% of the recommendation, in the second year of production), with
three replications, each consisting of one plant. Irrigation with the electrical conductivity of 4.0 dS m™' negatively
affected the synthesis of photosynthetic pigments and the photochemical efficiency of the West Indian cherry cv.
Flor Branca. The NPK combinations did not attenuate the effects of salt stress on the analyzed variables. However,
the combinations referring to 120-100-100%, 140-100-100%, and 100-120-100% of NPK recommendation improved
the quantum yield of photosystem I by reducing the initial fluorescence and increasing the maximum fluorescence
of the West Indian cherry cv. Flor Branca.

Keywords: Malpighia emarginata, mineral nutrition, salinity.

Resumo

Na regido Nordeste do Brasil, o cultivo da acerola tem se mostrado uma importante atividade econdmica; entretanto,
airrigacdo com aguas salobras limita o cultivo, sendo necessario a busca por estratégias que minimizem o efeito
do estresse salino. Neste contexto, objetivou-se avaliar combinagdes de adubag¢do com nitrogénio (N), fésforo (P) e
potassio (K) sobre os teores de pigmentos fotossintéticos e o rendimento quantico do fotossistema Il da aceroleira
cv. Flor Branca cultivada sob estresse salino, no segundo ano de producdo. O ensaio foi conduzido em ambiente
protegido sob delineamento experimental em blocos casualizados, com os tratamentos distribuidos em esquema
fatorial 2x10, referentes a dois niveis de condutividade elétrica da agua de irrigagdo - CEa (0,6 e 40dSm") e
10 combinagoes de aduba¢do com NPK - CA (80-100-100; 100-100-100; 120-100-100; 140-100-100; 100-80-100;
100-120-100; 100-140-100; 100-100-80; 100-100-120 e 100-100-140% da recomendacdo referente ao segundo
ano de produgao), com trés repeti¢des cada uma constituida por uma planta. A irrigagdo com agua de 4,0 dS m
de condutividade elétrica reduziu os teores de pigmentos fotossintéticos e o rendimento quantico do fotossistema
Il da aceroleira. As combinag¢des de NPK ndo atenuaram os efeitos do estresse salino sobre as varidveis analisadas.
Entretanto, as combinagdes de 120-100-100, 140-100-100 e 100-120-100% da recomendagao de NPK melhoraram o
rendimento quantico do fotossistema II, uma vez que reduziram a fluorescéncia inicial e aumentaram a fluorescéncia
maxima da aceroleira cv. Flor Branca.
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1. Introduction

West Indian cherry (Malpighia emarginata) is a tropical
fruit species with a wide economic and nutritional potential,
mainly due to the high vitamin C content present in the
fruits (Mezadri et al., 2008). Brazil is the largest producer
of this species worldwide (FAO, 2021), with its Northeast
region concentrating 78% (47.607 tons) of the national
production of West Indian cherry, mainly in the States
of Pernambuco, Ceara, Sergipe, and Paraiba (IBGE, 2017).
However, problems related to water resources are still a
limiting in factor to increasing productivity.

Abiotic salt stress is one of the main restrictions to
productivity and agricultural sustainability (Wei et al.,
2020; Gokge et al., 2023), and global climate changes have
increased atmospheric temperatures and drought events,
favoring water scarcity and salinity (McFarlane et al.,
2020; Silva et al., 2020). Approximately 20% of agricultural
lands in the world are affected by salt stress, mostly in
arid and semiarid regions (Abdelraheem et al., 2019;
Hou et al., 2023).

Excess of salts in water and/or soil causes the osmotic
effect, which hinders the uptake of nutrients and water by
plants (Souza et al., 2023) and causes nutrient imbalance.
Sanity damages the thylakoid membrane, inhibiting the
biosynthesis of photosynthetic pigments, which reduces
the quantum yield of photosystem II, consequently
affecting the photosynthetic efficiency (Sharma et al., 2020;
Arrudaetal., 2023). In this scenario, chlorophyll fluorescence
is an important process that serves as an indicator of the
physiological responses of plants and has been used to
study the inhibition of photosystem Il activity under stress
conditions (Dubey et al., 2021; Khatri and Rathore, 2022).

Plants must use strategies to reduce the uptake of
Na* and maintain ionic homeostasis, increasing the
accumulation of osmolytes and activating the antioxidant
defense system (Siddiqui et al., 2017). The adequate
management of fertilization could be an efficient strategy
to reduce the adverse effects of salinity (Machado and
Serralheiro, 2020). Nitrogen acts directly in the synthesis of
photosynthetic pigments and participates in the formation
of important proteins and amino acids in plant metabolism
(Siddiqui et al., 2019). Phosphorus, in turn, integrates
structural compositions and participates in respiration and
photosynthesis, in addition to being involved in energy
release processes for metabolic reactions, which favors
nitrogen uptake and assimilation (Simdo et al., 2018).
Potassium favors carbohydrate formation and translocation
and acts in the regulation of stomatal movement and water
uptake by plants (Aragjo et al., 2012; Silva et al., 2022).

From this perspective, this study is based on the
hypothesis that the adequate combination of nitrogen,
phosphorus and potassium can mitigate the deleterious
effects caused by irrigation with saline water on the
synthesis of photosynthetic pigments and the quantum
yield of West Indian cherry. Therefore, this study aimed
to evaluate effect of different combinations of nitrogen,
phosphorus and potassium on the photosynthetic pigments
and quantum yield of the photosystem II of the West
Indian cherry cv. Flor Branca grown under salt stress in
the second year of production.

2/11

2. Material and Methods

2.1. Location of the experiment

The experiment was conducted in drainage lysimeters
in a greenhouse of the Agricultural Engineering Academic
Unit of the Federal University of Campina Grande, in the
municipality of Campina Grande, Paraiba, Brazil (coordinates:
7°15'18” S, 352 52'28” W, at an elevation of 550 m a.s.l.).
The temperature (maximum and minimum) and mean
relative humidity of air data during the experimental period
are shown in Figure 1.

2.2. Treatments and experimental design

The treatment consisted of two electrical conductivity
levels of irrigation water - ECw (0.6 and 4.0 dSm') and ten
fertilization combinations (FC) with nitrogen, phosphorus
and potassium - NPK (FC1 =80-100-100; FC2 = 100-100-100;
FC3 =120-100-100; FC4 = 140-100-100; FC5 = 100-80-100;
FC6 = 100-120-100; FC7 = 100-140-100; FC8 = 100-100-80;
FC9 = 100-100-120; and FC10 = 100-100-140% of the NPK
recommendation for the species, according to Cavalcante,
2008), in a 2x10 factorial arrangement distributed
randomly and three replications, totaling 60 experimental
replications (Figure 2).

The fertilization combination control - FC2 (100-100-100%)
corresponded to the annual application of 100, 60, and
60 g of N, P,0,, and K,0 per plant, using as a reference
the recommendation for the second year of cultivation,
whereas the salinity treatments used in the present assay
were based on the study conducted by Silva et al. (2020).

2.3. Setting up and execution of the experiment

In March 2020, grafted West Indian cherry seedlings
(having as rootstock and scion the cultivars Junco and Flor
Branca, respectively) were purchased from a commercial
nursery registered with the National Registry of Seeds and
Seedlings, located in the Sdo Gongalo District, municipality
of Sousa, Paraiba, Brazil.

The grafted seedlings (30 cm high, four-months-old) were
transplanted to 200-L drainage lysimeters whose inside was
covered with a geotextile fabric and filled with 1.0 kg of gravel
(type 1: from 9.5 to 19 mm) and 230 kg of soil (Figure 3).

The soil used to carry out the study was classified as
an Neossolo Regolitico in the Brazilian soil classification
system (EMBRAPA, 2018), which corresponds to a Entisol
(United States, 2014), collected in the municipality of
Riachdo do Bacamarte - PB(7° 15’ 34” Sand 35° 40’ 1" W),

Maximum temperature (°C) Minimum temperature (°C)  ======- Relative air humidity (%)

40 100

Temperature (°C)
Relative air humidity (%)

1 18 35 52 69 86 103 120
Days after pruning

Figure 1. Daily maximum and minimum temperatures and relative
air humidity inside the greenhouse during the experimental period.
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from the 0-20 cm layer. The physicochemical characteristics
were determined according to Teixeira et al. (2017), and
the results are shown in Table 1.

The irrigation water with the electrical conductivity
levels of 0.6 and 4.0 dS m™" was prepared by dissolving NaCl,
CaCl,.2H,0, and MgC(l,.6H,0 in the equivalent proportion
of 7:2:1, respectively, in local tap water (ECw = 0.38 dSm™"),
according to Medeiros et al. (2003). The irrigation water

was prepared by considering the relationship between
the ECw and the concentration of salts (Richards, 1954),
according to Equation 1:

Q=10xECw (1)

where: Q - sum of cations (mmol_L'); and ECw — water
electrical conductivity (dS m™).
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Figure 2. Layout of the experimental area.
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Figure 3. [llustration of the filling of drainage lysimeters.

.
. . .

Block 1

Block 2

* Soil | N

» Layer of crushed stone
»  Thin screen

» Recipient to collect drainage

Table 1. Chemical and physical attributes of the soil (0-20 cm depth) used in the experiment.

Chemical attributes

pHH,0 0.M. P K* Na* Ca* Mg?* AP+ H*
1:2.5 gdm? mg dm- cmol_kg!
6.5 8.1 79 0.24 0.51 14.90 5.40 0.90
Chemical attributes Physical attributes
EC,, CEC SAR,, ESP SB \Y Particle fraction g kg™ Moisture content dag kg
dSm* cmol kg' (mmolL1)°* % cmol_kg™! % Sand Silt Clay 33.42 kPa'  1519.5 kPa?
2.15 21.95 0.16 2.3 21.05 959 5727 100.7 326.6 2591 12.96

pH - potential of hydrogen; O.M. - organic matter: Walkley-Black Wet digestion; Ca> and Mg?* - extracted with 1 M KCl at pH 7.0; Na* and
K* - extracted with NH,0AC 1 M at pH 7.0; AI>* + H' - extracted with CaOAc 0.5 M at pH 7.0; EC_, - Electrical conductivity of the saturation extract;
CEC - Cation exchange capacity; SAR_, - Sodium adsorption ratio of the saturation extract; ESP - Exchangeable sodium percentage; SB - Sum of
bases (K* + Ca** + Mg?* + Na*); V - Base saturation ([SB/CEC] x 100). ' - Referring to field capacity and the permanent wilting point, respectively.
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Further details regarding the execution and management
of the assay adopted in the first year of cultivation can be
found in Souza et al. (2023). At the end of the first year of
experimental cultivation, the West Indian cherry plants
were subjected to water stress for 15 days, after which
the first cycle pruning was performed, thus starting the
second year of production. The electrical conductivity of
water and the NPK fertilization combinations used in the
second year of production were the same as in the first year.

Fifteen days after pruning, irrigation with saline water
was performed by adopting a two-day irrigation schedule.
Water was applied to each lysimeter according to the
treatments in order to maintain soil moisture close to field
capacity, the volume applied being determined according
to the plants water requirements, estimated by the water
balance in the soil using Equation 2:

(Va-Va)

VI:W (2)

where: VI - water volume to be used in the irrigation event
(mL); Va - water volume applied in the previous irrigation
event (mL); Vd - volume drained after the previous
irrigation event (mL); andLF - leaching fraction - 0.10
applied every 30 days to prevent excess salt accumulation.
Fertilization with nitrogen, phosphorus and potassium
was applied as topdressing and split into 24 applications
at 15-day intervals. Calcium nitrate, monoammonium
phosphate and potassium sulfate were used as sources of
nitrogen, phosphorus + nitrogen, and potassium, respectively.
Every 15 days, a Dripsol® micro solution (with the following
composition: Mg -1.1%; Zn - 4.2%; B - 0.85%; Fe - 3.4%;
Mn - 3.2%; Cu-0.5%; and Mo - 0.05%), at the concentration
of 1.0 g L' was applied via foliar application on the adaxial
and abaxial surfaces, using a backpack sprayer (model Jacto
XP, with a capacity of 12 L), with a D 12P nozzle, a maximum
working pressure of 88 psi, and applying a mean volume of
400 mL. Crop management practices such as weed removal,
hoeing, soil scarification, and phytosanitary controls were
performed as per necessity during the experiment.

2.4. Traits analyzed

The following variables were evaluated 120 days
after pruning (DAP): chlorophyll fluorescence: initial
fluorescence (F,), maximum fluorescence (Fm), variable
fluorescence (Fv = Fm - F ), and quantum efficiency of
photosystem Il (Fv/Fm), and the photosynthetic pigments:
chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll
(Chl t), and carotenoids (Car).

The chlorophyll fluorescence was evaluated in the
third leaf counted from the apex of the plant’s main
branch between 8:00 and 10:00 a.m., using an OS5p
Pulse Modulated Chlorophyll Fluorometer made by Opti
Science and adopting the Fv/Fm protocol. This protocol
was performed after the leaves were adapted to the dark
for at least 30 min using a clip from the equipment to
ensure that all acceptors were oxidized, i.e., the reaction
centers were opened (Sa et al., 2015).

The photosynthetic pigments (chlorophyll a, b, chlorophyll
total, and carotenoids) were quantified in the third leaf
(the same leaf used for chlorophyll fluorescence analysis),

4

according to Arnon (1949), with plant extracts obtained
using disk samples of leaf (diameter of 12 mm and a
mean mass of approximately 34.2 mg) from the blade of
the third fully expanded leaf counting from the apex of
previously identified branches. Each sample used 6.0 mL
of acetone P.A. diluted 80% in deionized water. Through
these extracts, it was possible to determine the chlorophyll
and carotenoid concentrations in the solutions using a
spectrophotometer at the absorbance wavelengths (ABS)
of 470, 647, and 663 nm through Equations 3, 4, 5, and 6:

Chl a=(12.25x ABS663)—(2.79x ABS647) (3)
Chl b =(21.5x ABS647) —(5.10x ABS647) (4)
Chl ¢ =(7.15x ABS663)+(18.71x ABS647) (5)

|(1000x ABS470) - (1.82x Cl a) - (85.02 C1 b)|
198

Car =

where: Chl a - chlorophyll a;Chl b - chlorophyll b; Chl
t - chlorophyll total; and Car - carotenoids;

The values obtained for the contents of chlorophyll a,
b, chlorophyll total, and carotenoids in the leaves were
expressed as pig mL.

The West Indian cherry production data referring
to this study, previously presented by Silva Filho et al.
(2023a), were used to discuss the correlation between
the production variables and the variables referring to
chlorophyll fluorescence and photosynthetic pigments to
explore and analyze the impact of various factors on the
yield of West Indian cherry irrigated with saline water
and fertilized with different combinations of nitrogen,
phosphorus, and potassium.

2.5. Statistical analysis

The data were tested for the normality of distribution
(Shapiro-Wilk test) at the probability level of 0.05. Then,
the analysis of variance was performed by Fisher’s test (F)
for the electrical conductivity levels of irrigation water.
The means of the fertilization combinations (NPK) were
compared by the Scott-Knott clustering test. Both analyses
were performed using the software SISVAR, version 5.6
(Ferreira, 2019).

A multivariate analysis of principal components (PCs) was
performed to synthesize the amount of relevant information
obtained from the sets of original data into fewer dimensions,
resulting from linear combinations of the original variables
generated based on eigenvalues higher than one (A > 1.0)
in the correlation matrix, explaining percentages higher
than 10% in the total variance (Kaiser, 1960; Govaerts et al.,
2007). Based on the reduction of dimensions, the original
data of the variables of each component were subjected
to a multivariate analysis of variance (MANOVA) by the
Hotelling test at p < 0.05. For PC4, the analysis of variance
(ANOVA) was only performed to project the graphs. The
variables with a correlation coefficient equal to or higher
than 0.5 were maintained in each principal component (PC),
according to Hair et al. (2009). The software Statistica v. 7.0
was used in the statistical analyses (StatSoft Inc, 2004).
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3. Results and Discussion

According to the analysis of variance (Table 2), there
was no significant effect of fertilization combinations and
interaction (p > 0.05) between the electrical conductivity
levels of irrigation water and fertilization combinations on
the contents of photosynthetic pigments (Chl a, Chl b, Chl t,
and Car) of West Indian cherry, 120 days after pruning.
In isolation, the salinity levels affected (p < 0.01) the
contents of Chl a, Chl b, Chl ¢, and Car at p < 0.05.

When comparing the means of the ECw levels, the
plants under the ECw of 4.0 dS m™' showed the lowest Chl a
(456.02 ng mL"), whereas those grown under the lowest
water salinity level (0.6 dS m™') showed the highest Chl a
value (572.81 ng mL ) (Figure 4A). A similar effect was also
observed with chlorophyll b, i.e., the lowest Chl b value
(131.82 pg mL') was obtained in plants irrigated with the
ECw 0f 4.0 dS m', corresponding to a reduction of 16.37%
(25.80 g mL") compared to those grown under the ECw
of 0.6 dS m (Figure 4B).

Similar results were obtained in the research developed
by Silva et al.(2021), when they evaluated the photosynthetic
pigments of West Indian cherry under salt stress
(ECw ranging from 0.3 to 4.3 dS m™'). The authors observed
a reduction of 35.68% in plants irrigated with the ECw
of 4.3 dS m™ in comparison to those grown under the
ECwof 0.3dSm™.

Photosynthetic pigments are determinants for plant
growth and development (Sarkar and Kalita, 2023).
Excess of salt in the irrigation water inhibits the activity
of 5-aminolevulinic acid, which is a chlorophyll precursor,
in addition to increasing the activity of the enzyme
chlorophyllase, which acts by degrading photosynthetic
pigment molecules, damaging the chloroplasts and limiting
the activity of pigmentation proteins (Cavalcante et al.,
2011; Ferraz et al., 2015; Nigam et al., 2022). Reductions
in the contents of chlorophyll a and chlorophyll b in West
Indian cherry plants as a function of irrigation with brackish
water were also verified by other researchers (Lima et al.,
2018; Dantas et al., 2021; Dias et al., 2021).

The total chlorophyll content (Figure 5A) of West
Indian cherry plants irrigated with water of low electrical
conductivity (0.6 dS m™) was 730.43 ng mL", on average
24.3% higher than the value observed in plants grown
under irrigation with the ECw of 4.0 dS m'. The reduction
in chlorophyll biosynthesis could be a form of adaptation to
the stress condition faced by the crop, aiming to save energy
and capture less light energy to prevent oxidative stress,
possibly due to the photooxidation of pigments, damaging
plants through the oxidation of membrane lipids, proteins,
and nucleic acids (Shoukat et al., 2023). Furthermore, the
reduction in the contents of photosynthetic pigments
could be due to the degradation of the photosynthetic
apparatus as a result of the increase in the activity of the
enzyme chlorophyllase (Bhatt et al., 2022).

Table 2. Summary of the analyses of variance referring to the contents of chlorophyll a (Chl a), chlorophyll b (Chl b), chlorophyll total
(Chl t), and carotenoids (Car) of West Indian cherry irrigated with saline water and subjected to different fertilization combinations
(FC) with NPK, 120 days after pruning, in the second year of cultivation.

Mean square

Source of variation GL
Chl a Chl b Chl ¢ Car

Water electrical conductivity - ECw 1 204,617.12** 9,982.15** 304,987.80** 6,218.02*

Fertilization combinations — FC 9 10,380.78"s 4190.15" 19,446.74" 217.29
Interaction (ECw x FC) 9 25,346.94™ 1,744.61" 34,772.75" 1,279.02"

Blocks 2 33,255.73" 3,585.84" 57,675.46" 308.14"

Residuals 38 2,7963.97 2,351.14 35,261.29 1,128.62

CV (%) 22.51 23.50 18.49 20.83

ns.*.and **: non-significant significant at a p < 0.05 and 0.01, respectively. GL: degree of freedom; CV: coefficient of variation.

A 5000 -
572.81a

2~ 6000 1 456.07h
%9 4000 1

=
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Figure 4. Chlorophyll a - Chl a (A) and chlorophyll b - Chl b (B) of the West Indian cherry cv. Flor Branca as a function of the electrical
conductivity levels of irrigation water - ECw, 120 days after pruning, in the second year of cultivation. Means with different letters
indicate a significant difference by Fisher’s F-test for the water electrical conductivity (ECw). Vertical lines represent the standard

error of the mean (n=3).
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For the carotenoid content (Figure 5B), the plants
irrigated with the ECw of 4.0 dS m™' showed reductions
of 22.02% (20.36 ug mL") in relation to the 72.09 ug mL"
of Car quantified in plants that received low-salinity
water (0.6 dS m™). Thus, it can be inferred that the West
Indian cherry plants irrigated with the lowest electrical
conductivity (0.6 dS m™) showed normal functioning
against photooxidation, whereas plants irrigated with
the higher electrical conductivity (4.0 dS m) showed
metabolism changes and, consequently, greater damage to
the photosynthetic membranes. These results corroborate
the studies conducted by Dias et al. (2021), in which the
authors observed a linear reduction in the carotenoid
content as the electrical conductivity of irrigation water
increased from 0.6 to 3.8 dS m™ in West Indian cherry
fertilized with phosphorus-potassium combinations in
the second year of cultivation.

Therefore, the results obtained in this study can be
justified due the salt stress can reduce the production
of photosynthetic pigments, probably to induce the
degradation of B-carotene, reducing the content of
carotenoids, which are integrated components of
the thylakoid membranes, acting in the capture and
transference of light to the chlorophyll.

A 9000 4

730.43a

587.84b

]

B

=

=
L

3
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sl

o0

=

=
n

=
=

0.6 4.0
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The interaction between the electrical conductivity
irrigation water and fertilization combinations had no
significant influence (p > 0.05) on the fluorescence variables
of chlorophyll a in West Indian cherry 120 days after pruning
(Table 3). Inisolation, the electrical conductivity levels of
irrigation water affected (p <0.01) the initial fluorescence
(F,), maximum fluorescence (Fm), variable fluorescence
(Fv), and quantum efficiency of photosystem II (Fv/Fm),
whereas the fertilization combinations had a significant
effect on the F; and Fm.

When comparing the means between the electrical
conductivity levels, the plants under the ECw of 0.6 dS m™'
showed the lowest F(165.91), whereas the plants irrigated
with the higher salinity (4.0 dS m') showed an F, of 276.52,
i.e, anincrease of 66.67% (Figure 6A). The F, increase results
in lower utilization of available energy, which highlights
the damage caused by salt stress in the capture of light
energy by the photosynthetic pigments (Martins et al.,
2019; Lotfi et al., 2020).

The initial fluorescence of West Indian cherry
plants (Figure 6B) fertilized with 120-100-100% (FC3),
140-100-100% (FC4), and 100-120-100% (FC6) of the NPK
recommendation was statistically lower, on average 25.96%
(68.82) below the values of plants that received the other
combinations, showing no differences between each other.

E 120.0
92.45
~ 0.0 72.00b
W 600
8
30.0
0.0
0.6 40
ECw (dS mr!)

Figure 5. Chlorophyll total - Chl t (A) and carotenoids - Car (B) of the West Indian cherry cv. Flor Branca as a function of the electrical
conductivity of irrigation water, 120 days after pruning, in the second year of cultivation. Means with different letters indicate a significant
difference by Fisher’s F-test for the water electrical conductivity (ECw). Vertical lines represent the standard error of the mean (n=3).

Table 3. Summary of the analyses of variance referring to initial fluorescence (F,), maximum fluorescence (Fm), variable fluorescence
(Fv), and quantum efficiency of photosystem II (Fv/Fm) of West Indian cherry irrigated with saline water and subjected to different
fertilization combinations (FC) with NPK, 120 days after pruning, in the second year of cultivation.

Mean square

Source of variation GL

F, Fm Fv Fv/Fm

Water electrical conductivity - ECw 1 183,511.94** 35,225.57** 249,746.29** 0.054**
Fertilization combinations - FC 9 464.53** 1,440.29* 1158.44"s 0.001"
Interaction (ECw x FC) 9 29.03m 32718 262.42m 0.001"
Blocks 2 187.10" 1,263.75™ 483.19™ 0.0002"

Residuals 38 72.44 528.34 726.25 0.0005

CV (%) 3.85 5.38 5.71 2.95

s not significant and significant at p < 0.05 and p < 0.01, respectively. GL: degree of freedom; CV: coefficient of variation.
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Overall, NPK combinations FC3, FC4, and FC6 improved the
utilization of available energy, highlighting the importance
of these nutrients through adequate combinations for
physiological activities, as reported by Silva et al. (2021).

The maximum fluorescence (Figure 7A) also differed
significantly as a function of the electrical conductivity
of irrigation water, with the highest value (621.62)
corresponding to plants irrigated with the lowest ECw
(0.6 dS m). However, the West Indian cherry plants
irrigated with the ECw of 4.0 dS m™' showed an Fm of
573.16, i.e., a reduction of 7.80% compared to plants
under the ECw of 0.6 dS m™'. The maximum fluorescence
is the point at which the plant’s fluorescence reaches
its maximum capacity and virtually all the quinone is
reduced (Veloso et al., 2023). According to Manaa et al.
(2019), the Fm reduction is a reflection of the slowdown
in photosynthetic activity, reducing energy capture to
prevent an excessive excitation of electrons, which are
precursors in the formation of reactive oxygen species.
In a study conducted by Dias et al. (2018) with the
West Indian cherry cv. BRS 366-Jaburu under salt stress

A 3500 -
276520

2800

2100 4

165.91a

1400

Initial fluorescence

06 40
ECw (d8 ml)

(ECw from 0.8 to 3.8 dS m™), the authors also observed
an Fm reduction (15.48%) as a function of irrigation with
the highest salinity level (3.8 dS m™).

The maximum fluorescence of West Indian cherry
showed significant differences as a function of the
NPK combinations (Figure 7B), with the highest
Fm being achieved by plants that received the NPK
combination corresponding to 140-100-100% (FC4) of
the recommendation, with no significant differences in
relation to the 120-100-100% (FC3) and 100-120-100% (FC6)
combinations and differing significantly from the other
combinations studied, which did not differ among them.

The plants under combinations FC3, FC4, and FC6
possibly maintained the leaf turgor due to the osmotic
adjustment capacity promoted by the synthesis of
compatible osmolytes, e.g., amino acids, stimulated by
the increase in N and P, thus reducing the imbalance
between transpiration and water uptake by the plant,
favoring osmotic homeostasis (S4 et al., 2015) and, as a
result, increasing the maximum fluorescence of West
Indian cherry.

Initial fluorescence

Fertihization combinations - NPE

Figure 6. Initial fluorescence - F of West Indian cherry cv. Flor Branca as a function of the electrical conductivity levels of irrigation water
(A) and fertilization combinations (B) 120 days after pruning in the second year of cultivation. FC1 = 80-100-100; FC2 = 100-100-100;
FC3 =120-100-100; FC4 = 140-100-100; FC5 = 100-80-100; FC6 = 100-120-100; FC7 = 100-140-100, FC8 = 100-100-80, FC9 = 100-100-120,
and FC10 = 100-100-140% of the recommended N-P,0.-K,0 level; means with same letters indicate that there are no significant differences
between fertilization combinations N-P,0.-K,0 at a 0.05 of probability by the Scott-Knott test. Means with different letters indicate a
significant difference by F-test for the electrical conductivity of water (ECw). Vertical lines represent the standard error of the mean (n=3).
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Figure 7. Maximum fluorescence - F_ of the West Indian cherry cv. Flor Branca as a function of the electrical conductivity levels of
irrigation water (A) and fertilization combinations (B), 120 days after pruning, in the second year of cultivation. FC1 = 80-100-100;
FC2 =100-100-100; FC3 = 120-100-100; FC4 = 140-100-100; FC5 = 100-80-100; FC6 = 100-120-100; FC7 = 100-140-100, FC8 = 100-100-80,
FC9 = 100-100-120 e FC10 = 100-100-140% of the recommended N-P,0.-K,0 level; means with same letters indicate that there are
no significant differences between fertilization combinations with N-P,0.-K,0 at a 0.05 of probability by the Scott-Knott test. Means
with different letters indicate a significant difference by F-test for the electrical conductivity of water (ECw). Vertical lines represent

the standard error of the mean (n=3).
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Plants under the ECw of 0.6 dS m-' showed a higher Fv
(536.28) compared to those under the ECw of 4.0 dS m™!
(407.25) (Figure 8A). Since it refers to the active potential
energy in the photosystem, the Fv reduction (24.06%)
demonstrates limitations in the activation of the electron
transport chain, which is responsible for producing
adenosine triphosphate (ATP) and nicotinamide adenine
dinucleotide phosphate (NDPH) in the Calvin cycle,
reducing the plant’s photosynthetic capacity (Taiz et al.,
2017; Lotfi et al., 2020).

The quantum efficiency of photosystem Il (Figure 8B) of
West Indian cherry plants under irrigation with water of
low salinity (0.6 dS m-') was 0.77, on average 11.6% higher
than the value observed (0.69) in plants irrigated with the
ECw = 4.0 dS m™. This response demonstrates the lower
activity of the enzyme chlorophyllase, which reduces the
chlorophyll contents (Figure 4) and, consequently, affects
energy capture and transport between reaction centers
and the free plastoquinone (Cicek et al., 2018).

The multidimensional space of the original variables
was reduced to four principal components (PC1, PC2, PC3,
and PC4). The eigenvalues and the percentage of variation
explained by each component jointly represented 89.47%

A 7000 -

536.28a

56000 4
407.25b
4200 4
28000 4

1400 4

Variable flucrescence

0.0

06 40
ECw (dS mrl)

of the total variation, with PC1 amounting to 52.62% of the
variance, followed by PC2 with 13.36%, PC3 with 12.90%,
and PC4 with 10.58% of the total variance (Table 4).

In PC1, salt stress (ECw=4 dS m™') reduced the quantum
efficiency of PSII, which is related to the reduction in the
content of photosynthetic pigments (Chl a, Chl b, Car, and Chl t)
and chlorophyll fluorescence (Fo, Fm, Fv, and Fv/Fm), a
process that triggered lower values of production variables
(PFD, TFW, and MFW) compared to non-stressed plants
(ECw=0.6 dSm). However, under fertilization combinations
FC4,FC8, and FC9, the stressed plants showed an increase in
the pigment contents, the quantum efficiency of PSII, and
production. In PC2, the reduction in fruit size (PFD and EFD)
is related to the increase in the total number of fruits
(TEN) (Figures 9A and B), whereas, in PC3, the increase in
the number of fruits is converted into a higher total fruit
weight, which is due to the supply of phosphorus in the
FC9 combination (Figures 9C and D).

These effects actually occurred because potassium
acts in stomatal opening and closure, reducing stomatal
conductance (gs) and the CO, assimilation rate (A) and
increasing the internal CO, concentration (Ci) (Silva
Filho et al., 2023D).

0.77a 0,65

ECw (dS mD)

Figure 8. Variable fluorescence - Fv (A) and quantum efficiency of photosystem II - Fv/Fm (B) of the West Indian cherry cv.
Flor Branca as a function of the electrical conductivity levels of irrigation water, 120 days after pruning, in the second year of cultivation.
Means with different letters indicate a significant difference by F-test for the electrical conductivity of water (ECw). Vertical lines

represent the standard error of the mean (n=3).

Table 4. Eigenvalues, percentage of the total variance explained, multivariate analysis of variance (MANOVA), and correlation coefficients (r)

between original variables and principal components.

Principal components
PC1 PC2 PC3 PC4*

Eigenvalues (1)

6.84 173 1.67 137

Percentage of the total variance explained (s2%) 52.62 13.37 1290 10.58
Hotelling test (T?) for the water electrical conductivity (ECw) <0.01 <001 <001 0.04
Hotelling test (T?) for fertilization combination (FC) <0.01 <0.01 <0.01 0.11
Hotelling test (T?) for the interaction (ECwx FC) <0.01 <0.01 <0.01 0.68
PCs Correlation coefficient (r)
F, Fm Fv Fv/Fm Chla Chlb Chlt Car PFD EFD TNF TFW  MFW
PC1 -0.91 -0.79  -0.91 -090 -0.77 -062 -080 -0.73 -035 -058 -040 -0.61 -0.79
PC2 -0.02 0.38 0.10 0.02 -036  -0.21 -0.35 -0.18 0.60 0.61 -0.52 -0.34 0.36
PC3 -0.13 -030 -026  -0.18 -0.33 0.24 -0.20 -0.18 0.42 0.40 0.68 0.66 0.12
PC4 0.33 0.30 0.28 0.26 -0.32  -0.52* -041 -0.31 -0.45 -0.15 0.30 0.25 0.08

PCs - principal components; PC1 - principal components1; PC2 - principal components 2; PC3 - principal components 3; PC4 - principal
components 4; F, - initial fluorescence; Fm - maximum fluorescence; Fv - variable fluorescence; Fv/Fm - quantum efficiency of photosystem II;
Chl a - chlorophyll a; Chl b - chlorophyll b; Chl t - chlorophyll toral; Car - carotenoids; PFD - polar fruit diameter; EFD - equatorial fruit diameter;
TNF - total number of fruits; TFW - total fruit weight; and MFW - mean fruit weight. *Variable subjected to ANOVA.
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Figure 9. Two-dimensional scores of the principal components (PC) for the electrical conductivity of irrigation water and NPK
(A and C) and the correlation coefficients of the variables analyzed (B and D) with the first four principal components (PC1, PC2, PC3,
and PC4). PCs - principal components; PC1 - principal components1; PC2 - principal components 2; PC3 - principal components 3;
PC4 - principal components 4. Fertilization combination (FC) with nitrogen, phosphorus and potassium (NPK), being: FC1 = 80-100-100%;
FC2 (control) = 100-100-100%; FC3 = 120-100-100%; FC4 = 140-100-100%; FC5 = 100-80-100%; FC6 = 100-120-100%; FC7 = 100-140-100%;
FC8 = 100-100-80%; FC9 = 100-100-120% and FC10 = 100-100-140%. Chl a - chlorophyll a; Chl b- chlorophyll b; Car- carotenoids;
Chl t - chlorophyll total; F,_initial fluorescence; Fv - variable fluorescence; Fm - maximum fluorescence and Fv/Fm quantum efficiency
of photosystem II; total number of fruits (TNF), total fruit weight (TFW), mean fruit weight (MFW), polar (PFD), and equatorial fruit
diameter (EFD). @ electrical conductivity of irrigation water (ECw) = 0.6 dS m™' and A ECw =4.0 dS m™".

4. Conclusions

Irrigation with the electrical conductivity of water of
4.0 dS m promotes negative effects on the photosynthetic
pigments and the quantum yield of photosystem II
of the West Indian cherry cv. Flor Branca. The NPK
combinations did not mitigate the effects of salt stress
on the photosynthetic pigments and the quantum
yield of photosystem II. However, the 120-100-100%,
140-100-100%, and 100-120-100% combinations of
the NPK recommendations improved the utilization of
available energy by reducing the initial fluorescence and

Brazilian Journal of Biology, 2023, vol. 83, 277329

increasing the maximum fluorescence of the West Indian
cherry cv. Flor Branca.

Multivariate analysis indicated that irrigation with
saline water (ECw=4 dS m) reduced the quantum
efficiency of PSII, consequently decreasing the contents
of photosynthetic pigments and chlorophyll fluorescence,
resulting in lower production. Plants fertilized with
the combinations 140-100-100%, 100-100-80%, and
100-100-120% of the NPK recommendation for the second
production year increased the pigment contents, the
quantum efficiency of PSII, and production.

9/11



Silva Filho, A.M. et al.

Acknowledgements

The authors would like to thank the Postgraduate
Program in Agricultural Engineering of the Federal
University of Campina Grande, the State University of
Paraiba, the National Council for Scientific and Technological
Development (CNPq), and the Coordination for the
Improvement of Higher Education Personnel (CAPES) for
the financial support to this research.

References

ABDELRAHEEM, A., ESMAEILI, N., O'CONNELL, M. and ZHANG,
J., 2019. Progress and perspective on drought and salt stress
tolerance in cotton. Industrial Crops and Products, vol. 130, no.
1, pp. 118-129. http://dx.doi.org/10.1016/j.indcrop.2018.12.070.

ARAUJO, H.S., QUADROS, B.R., CARDOSO, A.LL and CORREA, C.V.,
2012. Doses de potassio em cobertura na cultura da abébora.
Pesquisa Agropecudria Tropical, vol. 42, no. 1, pp. 469-475.
http://dx.doi.org/10.1590/S1983-40632012000400004.

ARNON, D.L, 1949. Copper enzymes in isolated chloroplasts:
Polyphenoloxidase in Beta vulgaris. Plant Physiology, vol. 24, no.
1, pp. 1-15. http://dx.doi.org/10.1104/pp.24.1.1. PMid: 16654194,

ARRUDA, TEL, LIMA, G.S., SILVA, A. AR, AZEVEDO, CA.V,, SOUZA, AR,
SOARES, LA.A., GHEYL, HR,, LIMA, V.LA., FERNANDES, P.D., SILVA,
FA., DIAS, M.S., CHAVES, LH.G. and SABOYA, LM.E, 2023. Salicylic
Acid as a Salt Stress Mitigator on Chlorophyll Fluorescence,
Photosynthetic Pigments, and Growth of Precocious-Dwarf
Cashew in the Post-Grafting Phase. Plants, vol. 12, no. 15, pp. 2783.
http://dx.doi.org/10.3390/plants12152783. PMid:37570936.

BHATT, U., SHARMA, S. and SONI, V., 2022. Differential
photosynthetic responses in Riccia gangetica under heat,
cold, salinity, submergence, and UV-B stresses. Journal of
Photochemistry and Photobiology, vol. 12, no. 1, pp. e100146.
http://dx.doi.org/10.1016/j.jpap.2022.100146.

CAVALCANTE, L.E, DIAS, TJ., NASCIMENTO, R. and FREIRE, ].L.O., 2011.
Clorofila e carotenoides em maracujazeiro-amarelo irrigado
com dguas salinas no solo com biofertilizante bovino. 2011.
Revista Brasileira de Fruticultura, vol. 33, no. 1, pp. 699-705.
http://dx.doi.org/10.1590/S0100-29452011000500098.

CAVALCANTE, FJ.A., 2008. Recomendagdo de adubagdo para o Estado
de Pernambuco: aproximagdo. 3. ed. Recife: Instituto Agrondmico
de Pernambuco. 212 p.

CICEK, N., OUKARROUM, A., STRASSER, R.J. and SCHANSKER,
G., 2018. Salt stress effects on the photosynthetic electron
transport chain in two chickpea lines differing in their salt stress
tolerance. Photosynthesis Research, vol. 136, no. 3, pp. 291-301.
http://dx.doi.org/10.1007/s11120-017-0463-y. PMid:29124653.

DANTAS, M., LIMA, G.S., GHEYI, H.R., SILVA, A.A.R., MELO, A.S.
and MEDEIROS, L.C., 2021. Gas exchange and photosynthetic
pigments of West Indian cherry under salinity stress and
salicylic acid. Comunicata Scientiae, vol. 12, no. 1, pp. e3664.

DIAS, A.S., LIMA, G.S., and SA, F., 2018. Gas exchanges and
photochemical efficiency of West Indian cherry cultivated with
saline water and potassium fertilization. Revista Brasileira de
Engenharia Agricola e Ambiental, vol. 22, no. 9, pp. 628-633.
http://dx.doi.org/10.1590/1807-1929/agriambi.v22n9p628-633.

DIAS, AS., LIMA, G.S., GHEYI, H.R., FURTADO, G.D., SOARES, LAA.,
NOBRE, R.G. and FERNANDES, P.D., 2021. Chloroplast pigments
and photochemical efficiency of West Indian cherry under
salt stress and potassium-phosphorus fertilization. Semina:
Ciéncias Agrdrias, vol. 42, no. 1, pp. 87-104. http://dx.doi.
0rg/10.5433/1679-0359.2021v42n1p87.

10/11

DUBEY, AK., KHATRI, K., JHA, B. and RATHORE, M.S., 2021. The
novel galactosyl transferase-like (SbGalT) gene from Salicornia
brachiata maintains photosynthesis and enhances abiotic stress
tolerance in transgenic tobacco. Gene, vol. 786, no. 1, pp. e145597.
http://dx.doi.org/10.1016/j.gene.2021.145597. PMid:33766708.

EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA - EMBRAPA,
2018. Sistema brasileiro de classificagdo de solos. 5. ed. Rio de
Janeiro: Embrapa. 356 p.

FERRAZ, R.L.D.S., MAGALHAES, I.D., BELTRAO, N.E.D.M., MELO, A.S.D.,
BRITO NETO, J.ED. and ROCHA, M.D.S., 2015. Photosynthetic
pigments, cell extrusion and relative leaf water content of
the castor bean under silicon and salinity. Revista Brasileira
de Engenharia Agricola e Ambiental, vol. 19, no. 9, pp. 841-848.
http://dx.doi.org/10.1590/1807-1929/agriambi.v19n9p841-848.

FERREIRA, D.F,, 2019. Sisvar: a computer analysis system to fixed
effects split plot type designs. Brazilian Journal of Biometrics,
vol. 37, no. 4, pp. 529-535.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS -
FAO, 2021 [viewed 26 Aug 2022]. Crops and livestock products
[online]. Rome: FAOSTAT. Available from: https://www.fao.org/
faostat/en/#home

GOKCE, A.F, GOKCE, ZN.0., JUNAID, M.D. and CHAUDHRY, UK., 2023.
Evaluation of biochemical and molecular response of onion breeding
lines to drought and salt stresses. Scientia Horticulturae, vol. 311,
no. 1, pp. e111802. http://dx.doi.org/10.1016/j.scienta.2022.111802.

GOVAERTS, B., SAYRE, K.D., LICHTER, K., DENDOOVEN, L. and
DECKERS, J., 2007. Influence of permanent raised bed planting
and residue management on physical and chemical soil quality
inrain fed maize/wheat systems. Plant and Soil, vol. 291, no. 1-2,
pp. 39-54. http://dx.doi.org/10.1007/s11104-006-9172-6.

HAIR, EJ., BLACK, W.C., BABIN, B.J., ANDERSON, R.E. and TATHAM,
R.L., 2009. Andlise multivariada de dados. 6. ed. Porto Alegre:
The Bookman. 688 p.

HOU,J.,ZHANG, ]., LIU, X., MA, Y., WEI, Z., WAN, H. and LIU, F,, 2023.
Effect of biochar addition and reduced irrigation regimes on
growth, physiology and water use efficiency of cotton plants
under salt stress. Industrial Crops and Products, vol. 198, no. 1,
pp. e116702. http://dx.doi.org/10.1016/j.indcrop.2023.116702.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA - IBGE,
2017 [viewed 26 Aug 2022]. Acerola do Brasil por quantidade
produzida: Censo agropecudrio [online]. Available from: https://
censoagro2017.ibge.gov.br/templates/censo_agro/resultadosagro/
agricultura.html?localidade=Oetema&tema=76215

KAISER, H.F,, 1960. The application of electronic computers to factor
analysis. Educational and Psychological Measurement, vol. 20, no. 1,
pp. 141-151. http://dx.doi.org/10.1177/001316446002000116.

KHATRI, K. and RATHORE, M.S., 2022. Salt and osmotic stress-induced
changes in physio-chemical responses, PSII photochemistry and
chlorophyll a fluorescence in peanut. Plant Stress, vol. 3, no. 1,
pp. e100063. http://dx.doi.org/10.1016/j.stress.2022.100063.

LIMA, G.S.D., DIAS, A.S., SOUZA, L.D.P, SA, EV.D.S., GHEYI, H.R. and
SOARES, L.A.D.A., 2018. Effects of saline water and potassium
fertilization on photosynthetic pigments, growth and production
of West Indian cherry. Revista Ambiente & Agua, vol. 13, no. 3,
pp. e2164. http://dx.doi.org/10.4136/ambi-agua.2164.

LOTFI, R., GHASSEMI-GOLEZANI, K. and PESSARAKLI, M., 2020.
Salicylic acid regulates photosynthetic electron transfer and
stomatal conductance of mung bean (Vigna radiata L.) under
salinity stress. Biocatalysis and Agricultural Biotechnology, vol. 26,
no. 1, pp. e101635. http://dx.doi.org/10.1016/j.bcab.2020.101635.

MACHADO, R. and SERRALHEIRO, R., 2020. Salt stress alleviation
through fertilization in fruit crops. In: A.K. Srivastava, C. Hu, eds.
Fruit crops: diagnosis and management of nutrient constraints.
Amsterdam: Elsevier BV, pp. 465-480. http://dx.doi.org/10.1016/
B978-0-12-818732-6.00033-2.

Brazilian Journal of Biology, 2023, vol. 83, 277329


https://doi.org/10.1016/j.gene.2021.145597
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33766708&dopt=Abstract
https://doi.org/10.1590/1807-1929/agriambi.v19n9p841-848
https://doi.org/10.1016/j.scienta.2022.111802
https://doi.org/10.1007/s11104-006-9172-6
https://doi.org/10.1016/j.indcrop.2023.116702
https://doi.org/10.1177/001316446002000116
https://doi.org/10.1016/j.stress.2022.100063
https://doi.org/10.4136/ambi-agua.2164
https://doi.org/10.1016/j.bcab.2020.101635
https://doi.org/10.1016/B978-0-12-818732-6.00033-2
https://doi.org/10.1016/B978-0-12-818732-6.00033-2
https://doi.org/10.1016/j.indcrop.2018.12.070
https://doi.org/10.1590/S1983-40632012000400004
https://doi.org/10.1104/pp.24.1.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16654194&dopt=Abstract
https://doi.org/10.3390/plants12152783
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37570936&dopt=Abstract
https://doi.org/10.1016/j.jpap.2022.100146
https://doi.org/10.1590/S0100-29452011000500098
https://doi.org/10.1007/s11120-017-0463-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29124653&dopt=Abstract
https://doi.org/10.1590/1807-1929/agriambi.v22n9p628-633
https://doi.org/10.5433/1679-0359.2021v42n1p87
https://doi.org/10.5433/1679-0359.2021v42n1p87

Photosynthetic pigments and quantum yield of West Indian cherry under salt stress

MANAA, A., GOUSSI, R., DERBALI, W., CANTAMESSA, S., ABDELLY,
C. and BARBATO, R., 2019. Salinity tolerance of quinoa
(Chenopodium quinoa Willd) as assessed by chloroplast
ultrastructure and photosynthetic performance. Environmental
and Experimental Botany, vol. 162, no. 1, pp. 103-114.
http://dx.doi.org/10.1016/j.envexpbot.2019.02.012.

MARTINS, ].B., SANTOS JUNIOR, J.A., BARTUSCH, V.P., GHEYI, HR,,
BEZERRA NETO, E. and SILVA, M.M., 2019. Water relations in
parsley plants cultivated in brackish nutrient solutions of
different cationic natures. Revista Brasileira de Engenharia
Agricola e Ambiental, vol. 23, no. 9, pp. 662-668. http://dx.doi.
0rg/10.1590/1807-1929/agriambi.v23n9p662-668.

MCFARLANE, D., GEORGE, J.R., RUPRECHT, J.0., CHARLES, S. and
HODGSON, G., 2020. Runoff and groundwater responses to
climate change in South West Australia. Journal of the Royal
Society of Western Australia, vol. 103, no. 1, pp. 9-27.

MEDEIROS, J., LISBOA, R.A., OLIVEIRA, M., SILVA ]l'JNIOR' M.J.
and ALVES, L.P,, 2003. Caracterizacdo das dguas subterraneas
usadas para irrigacdo na drea produtora de meldo da Chapada
do Apodi. Revista Brasileira de Engenharia Agricola e Ambiental,
vol. 7, no. 3, pp. 469-472. http://dx.doi.org/10.1590/S1415-
43662003000300010.

MEZADR], T,, VILLANO, D., FERNANDEZ-PACHON, M.S., GARCIA-
PARRILLA, M.C. and TRONCOSO, A.M., 2008. Antioxidant
compounds and antioxidant activity in acerola (Malpighia
emarginata DC.) fruits and derivatives. Journal of Food
Composition and Analysis, vol. 21, no. 4, pp. 282-290.
http://dx.doi.org/10.1016/j.jfca.2008.02.002.

NIGAM, B., DUBEY, R.S. and RATHORE, D., 2022. Protective role of
exogenously supplied salicylic acid and PGPB (Stenotrophomonas
sp) on spinach and soybean cultivars grown under salt stress.
Scientia Horticulturae, vol. 293, no. 1, pp. e110654. http://dx.doi.
org/10.1016/j.scienta.2021.110654.

RICHARDS, L.A., 1954. Diagnosis and improvement of saline and
alkali soils. Washington, DC: United States Government Printing
Office. http://dx.doi.org/10.1097/00010694-195408000-00012.

SA, E, BRITO, M.EB., SILVA, LA., MOREIRA, R.C.L., FERNANDES,
P.D. and FIGUEIREDO, L.C., 2015. Fisiologia da percep¢dao do
estresse salino em hibridos de tangerineira - Sunki Comum sob
solugdo hidropdnica salinizada. Comunicata Scientiae, vol. 6,
no. 4, pp. 463-470. http://dx.doi.org/10.14295/cs.v6i4.1121.

SARKAR, R.D. and KALITA, M.C., 2023. Alleviation of salt stress
complications in plants by nanoparticles and the associated
mechanisms: an overview. Plant Stress, vol. 7, no. 1, pp. e100134.
http://dx.doi.org/10.1016/j.stress.2023.100134.

SHARMA, A, KUMAR, V., SHAHZAD, B., RAMAKRISHNAN, M., SINGH
SIDHU, G.P,, BALI, A.S. and ZHENG, B., 2020. Photosynthetic
response of plants under different abiotic stresses: a review.
Journal of Plant Growth Regulation, vol. 39, no. 1, pp. 509-531.
http://dx.doi.org/10.1007/s00344-019-10018-x.

SHOUKAT, S., TASSAWAR, A., KEYANI, R., ZAFAR, M., NAZ, R.,
NOSHEEN, A. and AHMAD, P., 2023. Exogenous application
of sodium hydrosulfide and salicylic acid mitigate salinity
stress in maize by regulating ionic balance, biochemical
attributes, photosynthetic pigments and some key antioxidants.
South African Journal of Botany, vol. 158, no. 1, pp. 393-404.
http://dx.doi.org/10.1016/j.sajb.2023.05.016.

SIDDIQUI, M.H., ALAMR], S., AL-KHAISHANY, M.Y., KHAN, M.N.,
AL-AMRI, A., ALIL, H.M. and ALSAHLI, A.A., 2019. Exogenous
melatonin counteracts NaCl-induced damage by regulating the
antioxidant system, proline and carbohydrates metabolism in
tomato seedlings. International Journal of Molecular Sciences,
vol. 20, no. 2, pp. 1-23. http://dx.doi.org/10.3390/ijms20020353.
PMid:30654468.

Brazilian Journal of Biology, 2023, vol. 83, 277329

SIDDIQUI, M.N., MOSTOFA, M.G., AKTER, M.M., SRIVASTAVA, A K.,
SAYED, M.A., HASAN, M.S. and TRAN, L.S.P,, 2017. Impact of
salt-induced toxicity on growth and yield-potential of local
wheat cultivars: oxidative stress and ion toxicity are among
the major determinants of salt-tolerant capacity. Chemosphere,
vol. 187, no. 1, pp. 385-394. http://dx.doi.org/10.1016/j.
chemosphere.2017.08.078. PMid:28858718.

SILVA FILHO, A.M., COSTA, T.S., MELO, A.S., COSTA, D.S., SILVA,
A.AR., GHEYI, H.R,, SILVA, FA. and DIAS, M.S., 2023b. NPK
combinations mitigate the deleterious effects of salt stress
on the morphophysiology of West Indian cherry. Comunicata
Scientiae. In press.

SILVA FILHO, A.M., GHEYI, H.R., MELO, A.S., SILVA, A.A.R., BONOU,
S.I., AMADEU, LT.S., FERRAZ, R.L.S., COSTA, P.S., CHAVES, LH.G.
and FIGUEIREDO, R.M.E,, 2023a. Production and quality of West
Indian cherry (Malpighia emarginata D. C.) under salt stress
and NPK combinations. Horticulturae, vol. 9, no. 6, pp. 649.
http://dx.doi.org/10.3390/horticulturae9060649.

SILVA, A.A.R,, DA. and VELOSO, L.L., 2022. Cultivation of custard-apple
irrigated with saline water under combinations of nitrogen,
phosphorus and potassium. Revista Caatinga, vol. 35, no. 11,
pp. 181-190. http://dx.doi.org/10.1590/1983-21252022v35n118rc.

SILVA, E.M., GHEY], H.R., NOBRE, R.G., BARBOSA, ]J.L., OLIVEIRA,
V.K.N. and SILVA, L.A., 2020. Photosynthesis and production of
West Indian cherry irrigated with saline waters under nitrogen/
potassium fertilization. Comunicata Scientiae, vol. 11, no. 1, pp. 1-11.

SILVA, E.M., GHEYI, H.R., NOBRE, R.G., DE LIMA, G.S., SOARES,
L.A.A. and BONIFACIO, B.F., 2021. Saline waters and nitrogen/
potassium fertilization combinations on physiological aspects
and production of West Indian cherry. Revista Ambiente & Agua,
vol. 16, no. 1, pp. 1-14. http://dx.doi.org/10.4136/ambi-agua.2780.

SIMAO, E.P,, RESENDE, A.V., GONTIJO NETO, M.M., BORGHI, E. and
VANIN, A, 2018. Resposta do milho safrinha & adubagio em
duas épocas de semeadura. Revista Brasileira de Milho e Sorgo,
vol. 17, no. 1, pp. 76-90. http://dx.doi.org/10.18512/1980-6477/
rbms.v17n1p76-90.

SOUZA, L. P, DELIMA, G.S., GHEYI, H.R., DE FATIMA, R.T., DA SILVA,
A.AR.,,NOBRE, R.G. and LACERDA, C.N., 2023. Morphophysiology
and production of West Indian cherry under salt stress and
nitrogen-phosphorus-potassium fertilization. Revista Brasileira
de Engenharia Agricola e Ambiental, vol. 27, no. 7, pp. 539-549.
http://dx.doi.org/10.1590/1807-1929/agriambi.v27n7p539-549.

STATSOFT INC, 2004 [accessed 26 Aug 2022]. Statistica: data analysis
software system. Version 7. Available from: www.statsoft.com

TAIZ, L., ZEIGER, E., MOLLER, .M. and MURPHY, A., 2017. Fisiologia
e desenvolvimento vegetal. 6. ed. Porto Alegre: Artmed. 858p.

TEIXEIRA, P.C., DONAGEMMA, G.K., FONTANA, A. and TEIXEIRA,
W.G., 2017. Manual de métodos de andlise de solo. 3rd ed. Brasilia:
Embrapa Solos, 212 p.

UNITED STATES, 2014. Keys to soil taxonomy. Lincoln: Natural
Resources Conservation Service. 160 p.

VELOSO, L.L.S.A., AZEVEDO, C.A.V., NOBRE, R.G., LIMA, G.S.,
CAPITULINO, ].D. and SILVA, EA., 2023. H,0, alleviates salt
stress effects on photochemical efficiency and photosynthetic
pigments of cotton genotypes. Revista Brasileira de Engenharia
Agricola e Ambiental, vol. 27, no. 1, pp. 34-41. http://dx.doi.
org/10.1590/1807-1929/agriambi.v27n1p34-41.

WEI, T., WANG, Y. and LIU, ].H., 2020. Comparative transcriptome
analysis reveals synergistic and disparate defense pathways
in the leaves and roots of trifoliate orange (Poncirus trifoliata)
autotetraploids with enhanced salt tolerance. Horticulture
Research, vol. 7, no. 1, pp. 88. http://dx.doi.org/10.1038/s41438-
020-0311-7. PMid:32528700.

1111


https://doi.org/10.1016/j.chemosphere.2017.08.078
https://doi.org/10.1016/j.chemosphere.2017.08.078
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28858718&dopt=Abstract
https://doi.org/10.3390/horticulturae9060649
https://doi.org/10.1590/1983-21252022v35n118rc
https://doi.org/10.4136/ambi-agua.2780
https://doi.org/10.18512/1980-6477/rbms.v17n1p76-90
https://doi.org/10.18512/1980-6477/rbms.v17n1p76-90
https://doi.org/10.1590/1807-1929/agriambi.v27n1p34-41
https://doi.org/10.1590/1807-1929/agriambi.v27n1p34-41
https://doi.org/10.1038/s41438-020-0311-7
https://doi.org/10.1038/s41438-020-0311-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32528700&dopt=Abstract
https://doi.org/10.1016/j.envexpbot.2019.02.012
https://doi.org/10.1590/1807-1929/agriambi.v23n9p662-668
https://doi.org/10.1590/1807-1929/agriambi.v23n9p662-668
https://doi.org/10.1590/S1415-43662003000300010
https://doi.org/10.1590/S1415-43662003000300010
https://doi.org/10.1016/j.jfca.2008.02.002
https://doi.org/10.1016/j.scienta.2021.110654
https://doi.org/10.1016/j.scienta.2021.110654
https://doi.org/10.1097/00010694-195408000-00012
https://doi.org/10.14295/cs.v6i4.1121
https://doi.org/10.1016/j.stress.2023.100134
https://doi.org/10.1007/s00344-019-10018-x
https://doi.org/10.1016/j.sajb.2023.05.016
https://doi.org/10.3390/ijms20020353
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30654468&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30654468&dopt=Abstract

