ISSN 1807-1929

Revista Brasileira de Engenharia Agricola e Ambiental
Brazilian Journal of Agricultural and Environmental Engineering
v.26, n.11, p.855-862, 2022

agriambi Campina Grande, PB - http://www.agriambi.com.br - http://www.scielo.br/rbeaa

DOIL: http://dx.doi.org/10.1590/1807-1929/agriambi.v26n11p855-862

Salicylic acid alleviates salt stress
on guava plant physiology during rootstock formation'

O 4cido salicilico ameniza o estresse salino
na fisiologia de goiabeira na formacao de porta-enxerto

Adnelba V. O. Xavier’®, Geovani S. de Lima®*®, Hans R. Gheyi*®, André A. R. da Silva*?,
Cassiano N. de Lacerda®®, Lauriane A. dos A. Soares’® & Pedro D. Fernandes?
! Research developed at Universidade Federal de Campina Grande, Centro de Tecnologia e Recursos Naturais, Campina Grande, PB, Brazil

? Universidade Federal de Campina Grande/Programa de Pés-Graduagao em Engenharia Agricola, Campina Grande, PB, Brazil
? Universidade Federal de Campina Grande/Unidade Académica de Ciéncias Agrarias, Pombal, PB, Brazil

HIGHLIGHTS:
Salicylic acid increased the concentrations of chlorophyll b and total chlorophyll up to 1.60 and 1.50 mM L, respectively.
Salicylic acid concentrations of up to 1.3 mM L7 decreases leaf electrolyte leakage.
Water electrical conductivity of 4.2 dS ' and 3.2 mM L of salicylic acid decreased relative water content and Fv/Fm fluorescence.

ABSTRACT: Guava is a fruit widely produced in Northeast Brazil, a region that has sources of water with high
levels of salts, making it difficult for irrigated fruit production to expand. Thus, it is extremely important to search
for techniques that allow the management of these waters in irrigated agriculture. Thus, the objective of present
study was to evaluate the photosynthetic pigments, the quantum yield of photosystem II, and the intercellular
leakage of electrolytes in the leaf blade of ‘Paluma’ guava seedlings as a function of irrigation with water of different
salinities and foliar application of salicylic acid during rootstock formation phase. The experiment was conducted in
a greenhouse, using the randomized block design in a 5 x 5 factorial arrangement, which consisted of five values of
electrical conductivity of water - ECw (0.6, 1.5,2.4,3.3,and 4.2 dS m™") and five concentrations of salicylic acid (0, 0.8, 1.6,
2.4,and 3.2 mM L"), with four replicates, and two plants per plot. Salicylic acid up to 1.3 mM L increased the relative
water content and decreased electrolyte leakage in the leaf blade of ‘Paluma’ guava seedlings. Foliar application of
salicylic acid at a concentration of 1.7 mM L attenuated the effects of salt stress on chlorophyll a of guava seedlings
irrigated with water of up to 1.6 dS m™. The deleterious effects of salt stress on carotenoid concentration and quantum
efficiency of photosystem II were not attenuated by the application of salicylic acid.

Key words: Psidium guajava L., rootstock, acclimatization

RESUMO: A goiaba é uma fruta amplamente produzida no Nordeste do Brasil, regido que possui fontes de 4gua com
altos teores de sais, dificultando a expansdo da fruticultura irrigada. Assim, é de extrema importincia a busca por
técnicas que permitam o manejo dessas aguas para a agricultura irrigada. Assim, objetivou-se avaliar os pigmentos
fotossintéticos, o rendimento quintico do fotossistema II, e 0 extravasamento de eletrolitos celulares no limbo foliar
de mudas de goiabeira ‘Paluma’ em funcéo da irrigacdo com dguas de diferentes salinidades e aplicacio foliar de
acido salicilico durante a fase de formagao de porta-enxerto. O experimento foi conduzido em casa de vegetagio,
utilizando-se o delineamento de blocos casualizados em arranjo fatorial 5 x 5, sendo cinco valores de condutividade
elétrica da dgua - CEa (0,6, 1,5, 2,4, 3,3 e 4,2 dS m™) e cinco concentragdes de acido salicilico (0, 0,8, 1,6, 2,4 € 3,2 mM L),
com quatro repeticdes e duas plantas por parcela. O dcido salicilico até a concentragdo de 1,3 mM L' aumentou
o teor relativo de dgua e diminuiu o extravasamento de eletrdlitos no limbo foliar de mudas de goiaba ‘Paluma. A
aplicagdo foliar do acido salicilico na concentragdo de 1,7 mM L amenizou os efeitos do estresse salino sobre a
clorofila a das mudas de goiaba irrigadas com agua de até 1,6 dS m™'. Os efeitos deletérios do estresse salino sobre o
teor de carotenoides e rendimento quantico do fotossistema II ndo foram atenuados pela aplicagdo do acido salicilico.

Palavras-chave: Psidium guajava L., porta-enxerto, aclimatagdo
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INTRODUCTION

Guava is a tropical fruit crop native to South and Central
America and its fruit can be easily found in open markets and
supermarkets throughout Brazil (Manica et al., 2001; Alencar et
al., 2016). Guava is a fruit with characteristic flavor and aroma
which are pleasant to the taste, with high food value and that
can be consumed both fresh and through juices, jams, liqueurs,
ice cream, and others (Bezerra et al., 2019).

The irregularity of rainfall in the Brazilian semi-arid region
and the long periods of drought make irrigation indispensable
for agricultural production in this region; however, the use of
water sources with electrical conductivity above 1.5 dS m
limits the expansion of irrigated agriculture (Lima et al., 2016;
Bezerra et al., 2019). High concentrations of salts in irrigation
water can impair photosynthetic processes, restrict stomatal
opening and CO, assimilation, and increase the degradation
of chlorophyll synthesis and the production of reactive oxygen
species (ROS), triggering oxidative stress (Silva et al., 2022)
and changes in the functional state of chloroplast thylakoid
membranes, which cause changes in the characteristics of
fluorescence signals (Dias et al., 2018).

As most cultivated species are sensitive to the presence of
excess salts, it is extremely important to search for alternatives
capable of alleviating the effects of salt stress, since the use of
saline water in agriculture is a necessity to ensure production
(Dias et al., 2019; Lima et al., 2022). Among the alternatives
capable of alleviating the deleterious effects of salt stress, foliar
application of salicylic acid (SA) stands out. SA is a phenolic
compound that plays an important role in plant tolerance to
salt stress, by producing osmolytes and secondary metabolites
(Khan et al., 2015). Salicylic acid is synthesized in plants
due to abiotic sources and accumulates in the tissues, thus
contributing to increasing their resistance to stress conditions
through improvement in nutrient absorption, membrane
protection, and photosynthesis maintenance, and may also
interact with signaling pathways of reactive oxygen species,
reducing oxidative stress (Lotfi et al., 2020; Souana et al., 2020).

Studies conducted to evaluate the effect of SA application
on the induction of tolerance to salt stress in soursop (Silva et
al., 2020), West Indian cherry (Dantas et al., 2021), and guava
(Lacerda et al., 2022a; Lacerda et al., 2022b) have reported
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improvements in plant physiology, growth and post-harvest
fruit quality. Thus, the objective of present study was to
evaluate the photosynthetic pigments, the quantum yield of
photosystem II, and the intercellular leakage of electrolytes
in the leaf blade of ‘Paluma’ guava seedlings as a function of
irrigation with water of different salinities and foliar application
of salicylic acid during rootstock formation phase.

MATERIAL AND METHODS

The experiment was conducted from October 2020 to
April 2021 in a greenhouse (7° 15’ 18” S latitude, 35° 52 28”
W longitude and an average altitude of 550 m) belonging
to the Unidade Académica de Engenharia Agricola of the
Universidade Federal de Campina Grande (UFCG), in
Campina Grande, PB, Brazil. The air temperature (maximum
and minimum) and relative humidity data during the
experimental period were collected using a thermohygrometer
and are shown in Figure 1.

The treatments consisted of the combination of five values
of electrical conductivity of irrigation water - ECw (0.6, 1.5,
2.4, 3.3, and 4.2 dS m) and five concentrations of salicylic
acid - SA (0 - Control, 0.8, 1.6, 2.4, and 3.2 mM L), distributed
in randomized blocks in a 5 x 5 factorial arrangement with
four replicates and two plants per plot. The values of electrical
conductivity of irrigation water were based on the study
conducted by Bezerra et al. (2019) in which they evaluated
ECw ranging from 0.3 to 3.5 dS m™; whereas salicylic acid
concentrations were adapted from a study conducted by Silva
et al. (2020) with soursop.

In this study, the cultivar Paluma was evaluated as a
rootstock. The seeds used in the experiment were obtained
from a guava orchard in the experimental area of the Centro
de Ciéncias e Tecnologia Agroalimentar (CCTA/UFCG), on the
Campus of Pombal - PB (6° 48’ 50” S; 37° 56’ 317 W, 190 m),
belonging to the UFCG, and were manually extracted by pulping
the fruits and subsequently air-dried in an open environment.

Salicylic acid concentrations were obtained by dissolution
of the acid in 30% of ethyl alcohol. The solution was freshly
prepared in all events of biweekly applications, and the Wil fix
spreader was added to assist in the fixation of SA on the leaves.
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Figure 1. Mean values of air temperature (maximum and minimum) and relative air humidity observed in the internal area of

the greenhouse during the experimental period
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Table 1. Chemical and physical-hydraulic attributes of the soil used in the experiment, before the application of the treatments

OM - Organic matter: Walkley-Black Wet Digestion; Ca** and Mg*" - Extracted with 1 M L KCI at pH 7.0; Na* and K* - Extracted with 1 M L' NH,OAc at pH 7.0; AI** and H* -
Extracted with 0.5 M L calcium acetate at pH 6.5; CEC - Cation exchange capacity; ESP - Exchangeable sodium percentage; ECse - Electrical conductivity of saturation extract;

'Field capacity at tension of 33.42 kPa; *Permanent wilting point at tension of 1519.5 kPa

The seedlings were produced in plastic bags with dimensions
0f 10 x 20 cm, filled with 1.6 kg of a substrate in the proportion
of 3:1 (soil:aged bovine manure, volume basis) of a soil classified
as Entisol of sandy loam texture (0-20 cm, A horizon), from the
municipality of Lagoa Seca, PB, whose chemical and physical-
hydraulic characteristics are presented in Table 1.

Irrigation waters with different electrical conductivities
were prepared by dissolving NaCl, CaCl,, and MgCl, in local-
supply water (ECw = 0.28 dS m™), following the equivalent ratio
of 7:2:1 for Na*, Ca*, and Mg?**, commonly found in the water
sources of Northeastern Brazil (Medeiros, 1992); the quantities
of salts were determined considering the relationship between
ECw and the salt concentration (Richards, 1954), according
to Eq. 1. After preparation, the solutions were checked and, if
necessary, adjustments were made.

Q=10xECw (1)
where:

Q - sum of cations (mmol_L"); and,

ECw - electrical conductivity of water (dS m™).

Before sowing, the soil moisture content was increased to
the level corresponding to the maximum retention capacity
using water of the lowest level of electrical conductivity (ECw
= 0.6 dS m™). Sowing was performed by placing four seeds
per bag equidistantly at a depth of 2 cm. The thinning was
performed only once, at 67 days after sowing (DAS), leaving
only one plant per bag. After sowing, irrigation was carried out
daily at 16:00 h, applying in each bag the volume corresponding
to that obtained by the water balance, determined by Eq. 2:

(Va - Vd)
Vl=——= (2)
(I-LF)
where:
VI - volume of water to be used in the next irrigation
event (mL);
Va  -volume applied in the previous irrigation event (mL);
Vd - volume drained (mL); and,
LF - leaching fraction of 0.15.

Seedling emergence began at 20 DAS. After emergence,
fertilization with nitrogen, phosphorus, and potassium was
performed as recommended by Novais et al. (1991), increasing
the levels of N, P,O,, and K,O by 100, 300, and 150 mg kg™,
respectively, via fertigation, with the solution prepared using

public-supply water (0.28 dS m™). The fertilization was split into
nine portions and applied from 40 DAS at intervals of 15 days.
Foliar applications with micronutrients at the concentration
of 2.5 g of Ubyfol L™ [(N (15%); P,O, (15%); K,O (15%); Ca
(1%); Mg (1.4%); S (2.7%); Zn (0.5%); B (0.05%); Fe (0.5%);
Mn (0.05%); Cu (0.5%) and Mo (0.02%)] were performed on
the adaxial and abaxial surfaces, fortnightly, in order to meet
the needs of micronutrients.

The application of SA at 67 DAS was initiated when the
plants showed uniform growth, and the other applications
were performed every two weeks until 165 DAS. To minimize
the evaporation of the solution from the leaf surface, SA
applications were carried out between 17:00 and 18:00 h. Before
applying SA, the plants were removed from the proximity
of the others, avoiding the cross-application of different
concentrations in each plot, and later returned to their
respective place after spraying. During the experiment, eight
applications of SA were carried out, using an average volume
of 50 mL of SA per plant in each event.

Irrigation with the different values of water salinity started
75 DAS, at a daily interval. At 180 DAS, electrolyte leakage,
relative water content in the leaf blade, photosynthetic
pigments, and quantum yield of photosystem II of guava
seedlings were measured. Electrolyte leakage (%EL) in the
leaf blade was determined using five discs of 1.54 cm?each,
per experimental unit, which were washed, placed in an
Erlenmeyer® flask containing 50 mL of distilled water and
kept at room temperature (= 32 °C) for 90 min; after this
time, the initial electrical conductivity (ECi) was measured.
Subsequently, the Erlenmeyer® flasks were covered with
aluminum foil and kept in a forced-air circulation oven for 90
min at 90 °C; after that time, they were removed and left at room
temperature to cool to check the final electrical conductivity
(ECf). Electrolyte leakage in the leaf blade was determined
according to the methodology of Scotti-Campos et al. (2013),
through Eq. 3:

ECi

%EL = x100
ECf

)

where:
%EL - percentage of electrolyte leakage in the leaf blade;
ECi - initial electrical conductivity; and,
ECf - final electrical conductivity.

To determine relative water content (RWC), five discs of
12 mm in diameter were collected in leaves from the middle
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third of the plant. Immediately after collection, the discs were
weighed, thus avoiding moisture loss, to obtain the fresh mass
(FM); after weighing, the samples were immersed in 50 mL of
distilled water for 24 hours; after this period, excess water on
the discs was removed using paper towels and the samples were
weighed to obtain the turgid mass (TM). The samples were
dried in an oven at 65 + 3 °C, until reaching constant mass, to
obtain the dry mass (DM). RWC was determined according
to Weatherley (1950), through Eq. 4:

FM—DM><
™ -DM

RWC = 100 4)

where:
RWC - relative water content (%);
FM - leaf fresh mass;
DM - leaf dry mass; and,
TM - leaf turgid mass.

Photosynthetic pigments (chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoids) were determined according
to the methodology of Arnon (1949). Quantum yield was
determined by the initial fluorescence (F ;, electrons quantum™),
maximum fluorescence (Fm, electrons quantum), variable
fluorescence (Fv, electrons quantum™), and quantum efficiency
of photosystem II (Fv/Fm) in leaves pre-adapted to the dark
using leaf clips for 30 min (ensuring that all reaction centers
were open), between 07:00 and 09:30 a.m., using the pulse-
modulated fluorometer Plant Efficiency Analyser - PEA II°.

The data collected were subjected to the normality and
homogeneity test (Shapiro-Wilk test) followed by the analysis
of variance. Subsequently, they were subjected to analysis of
variance and polynomial regression analysis (p < 0.05), using
the statistical program SISVAR version 5.6 (Ferreira, 2019). In
cases where the interaction between the factors was significant,
the TableCurve 3D software was used to obtain the response
surface curves.

RESULTS AND DISCUSSION

There was a significant effect of the interaction between
the electrical conductivity of water and concentrations of
salicylic acid (ECw x SA) on the relative water content (RWC),
percentage of electrolyte leakage (%EL) in the leaf blade, and
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contents of chlorophyll a (Chl a) and carotenoids (Car) of
‘Paluma’ guava seedlings, at 180 days after sowing (Table 2).
There was also a significant effect of ECw on Chl total of guava
seedlings. On the other hand, SA concentrations significantly
influenced Chl b and Chl total contents.

Plants subjected to the application of 1.3 mM L of SA
had the highest value (81.43%) of relative water content in the
leaf blade (Figure 2A), equivalent to an increase of 4.0% when

*, ** - Significant at p < 0.05 and p < 0.01, respectively, by F test

Figure 2. Response surface for relative water content - RWC
(A) and percentage of electrolyte leakage - %EL (B) in the
leaf blade of ‘Paluma’ guava seedlings, as a function of the
interaction between electrical conductivity of water - ECw
and concentration of salicylic acid - SA, 180 days after sowing

Table 2. Summary of the analysis of variance for relative water content (RWC), percentage of electrolyte leakage (%EL), chlorophyll
a (Chl a), chlorophyll b (Chl b), total chlorophyll (Chl total), and carotenoids (Car) of ‘Paluma’ guava seedlings as a function
of irrigation water electrical conductivity and concentration of salicylic acid, 180 days after sowing

DF - Degrees of freedom; CV - Coeficient of variation; *, ** and ™ - Significant at p < 0.05 and p < 0.01 and not significant, respectively
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compared to plants subjected to the same ECw (0.6 dS m™)
without application of SA (0 mM L), which showed RWC
of 78.18%. The lowest RWC value (68.82%) was obtained
in plants grown under SA concentration of 3.2 mM L' and
ECw of 4.2 dS m™. This response may be associated with the
effect exerted by the SA on the accumulation of osmolytes,
contributing to the absorption and increase in the relative
content of water in the tissues (Silva et al., 2021a). Farheen
et al. (2018), evaluating the effect of SA application (50 uM)
on mung bean (Vigna radiata) subjected to salt stress (50,
100, and 150 mM of NaCl), observed that plants subjected to
SA maintained a higher relative water content, a prerequisite
for plant survival and, consequently, biomass production.

For electrolyte leakage - %EL in the leaf blade (Figure 2B),
the application of 1.3 mM L of SA mitigated the effects of salt
stress on plants subjected to ECw between 0.6 and 4.2 dS m™.
However, the lowest value of %EL (18.98%) was obtained in
plants subjected to ECw of 0.6 dS m™! in the absence of foliar
application of SA (0 mM L*). On the other hand, the highest
value of %EL (24.70%) was reached in plants subjected to
ECw (4.2 dS m™) and SA concentration of 3.2 mM L. The
excess of salts in irrigation water tends to increase electrolyte
leakage, due to the toxic effects of Na* and Cl ions, which,
when absorbed and accumulated in the leaves, cause structural
changes in cell membranes and consequent rupture, leading to
increase in reactive oxygen species (ROS), which cause lipid
peroxidation and oxidation of cell membranes and organelles,
also resulting in degradation and loss of the internal contents
of the cell (Sachdev et al., 2021), as observed in Figure 2A, with
the lowest RWC obtained in plants subjected to the highest
level of water salinity (4.2 dS m™).

Silva et al. (2021a) in a study evaluating the effect of foliar
application of salicylic acid (0, 1.2, 2.4, and 3.6 mM L) on
soursop crop subjected to irrigation with saline water (0.8 -
control; 1.6, 2.4, 3.2, and 4.0 dS m!), also observed that the
concentration of 1.3 mM L mitigated salt stress effects on
the crop.

The application of SA at the concentration of 1.7 mM L™
promoted an increment of 48.50% (2.45 mg g FM) in the
chlorophyll a contents (Figure 3A) of plants irrigated with
ECw of 1.6 dS m! when compared to those subjected to the
same salinity level (1.6 dS m™) and without application of SA
(0 mM L*). The increase observed in Chl a contents (Figure
3A) may be related to the antioxidant action promoted by
salicylic acid, which removes ROS under conditions of abiotic
stress, improving photosynthetic synthesis (Dantas et al,,
2021). Farheen et al. (2018) also observed that the application
of salicylic acid (50 uM L) in mung bean (Vigna radiata)
subjected to salt stress (50, 100, and 150 mM L of NaCl)
significantly increased the chlorophyll a, chlorophyll b and
carotenoid contents of the leaves.

For carotenoid concentrations (Figure 3B), it was verified
that plants subjected to the highest salinity level (4.2 dS m™)
and foliar application of 3.2 mM L of SA had a reduction
of 43.60% (1.05 mg g FM) when compared to those grown
under control treatment (0.6 dS m! and 0 mM L of SA)
and obtained the maximum estimated value of carotenoids
(2.41 mg g' FM). Carotenoids are integrated components of
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FM - Fresh matter; * ** - Significant at p < 0.05 and p < 0.01, respectively, by F test
Figure 3. Response surface for chlorophyll a - Chl a (A)
and carotenoids - Car (B) concentrations of ‘Paluma’ guava
seedlings as a function of the interaction between electrical
conductivity of water - ECw and concentration of salicylic
acid - SA, 180 days after sowing

thylakoids and are responsible for the absorption and transfer
of light to chlorophyll. Decrease in Car content may be related
to the damage caused by salt stress to chloroplasts and the
loss of activity of pigmentation proteins, besides stimulating
the activity of the chlorophyll enzyme, which acts in the
degradation of photosynthetic pigments (Dias et al., 2019;
Silva et al., 2021Db).

Salicylic acid (SA) concentrations significantly influenced
the contents of Chl b and Chl total (Figures 4A and B)
of ‘Paluma’ guava seedlings. Application of SA positively
influenced Chl b contents up to the estimated concentration
of 1.60 mM L, where the maximum value of 2.25 mg g
FM was obtained, and the minimum value of 1.59 mg g
FM was found in plants under 3.2 mM L. Salicylic acid also
promoted a beneficial effect on the synthesis of Chl total, with
the maximum estimated value of 8.10 mg g FM obtained in
plants grown under SA concentration of 1.50 mM L.

The positive effect of salicylic acid on the synthesis of
photosynthetic pigments varies with the applied concentration,
mode of application, and stage of crop development and, as
observed in Figures 4A and B, the SA concentrations of up to
1.5 mM L mitigated the effect of salinity on Chl b and
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FM - Fresh matter; **, ™ - Significant at p < 0.01 and not significant, respectively, by F test
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Figure 4. Chlorophyll b - Chl b (A) and total chlorophyll - Chl total (B) of ‘Paluma’ guava seedlings as a function of salicylic

acid concentrations - SA, 180 days after sowing

Chl total contents. Dantas et al. (2021) also observed a positive
effect of SA application on the total chlorophyll contents of
West Indian cherry under irrigation with waters of different
salinity levels (0.8 to 4.0 dS m™) and concentrations of salicylic
acid (0 to 4.0 mM L7). Despite the different ECw values having
significantly influenced the total chlorophyll content of guava
seedlings (Table 2), there was no satisfactory fit to the data
for prognostic purposes and the regression model (Chl total
= 8.4682 - 0.7921"ECw) had R? value less than 0.60.

There was a significant effect of the interaction between the
values of electrical conductivity of water and concentrations
of salicylic acid (ECw x SA) on maximum fluorescence
(Fm), variable fluorescence (Fv), and quantum efficiency of
photosystem II (Fv/Fm) (Table 3). However, there was no
significant effect of salinity levels (ECw) and salicylic acid
concentrations (SA) on the initial fluorescence (F) of ‘Paluma’
guava seedlings.

Guava seedlings irrigated with water of low electrical
conductivity (0.6 dS m™) and subjected to an estimated salicylic
acid concentration of 0.9 mM L, obtained the highest value
of maximum fluorescence (1,806.6 electrons quantum™)
(Figure 5A), which corresponded to an increase of 1.56%
(27.7 electrons quantum™) compared to those under control
treatment (0 mM L) and irrigated with the same electrical
conductivity. However, in plants grown under the highest

concentration of SA (3.2 mM L), the increase in salinity led
to a reduction in Fm, with the lowest value (1,346.5 electrons
quantum') obtained in those subjected to ECw of 4.2 dS m™.
The reduction in Fm under ECw of 4.2 dS m™ may indicate
the ability of the plant to activate photoprotection mechanisms
associated with heat dissipation via the xanthophyll cycle (Silva
et al., 2021b).

Foliar application of salicylic acid increased the variable
fluorescence (Figure 5B) of plants subjected to the lowest
electrical conductivity (0.6 dS m™) under the concentration of
1.5 mM L, an increase of 8.74% (115.99 electrons quantum™)
when compared to the control treatment (0 mM L) under
the same water salinity level. The lowest estimated value of Fv
(1,053.97 electrons quantum™) was obtained in plants subjected
to the highest ECw (4.2 dS m™) and SA concentration
(3.2mM L.

Maximum fluorescence directly influences variable
fluorescence, which is the potentially active energy in
photosystem II (Sa et al., 2018), in addition to representing
the plant’s ability to transfer electrons from pigment molecules
to energy storage (NADPH, ATP, and reduced ferredoxin -
Fdr), which implies a greater CO, assimilation capacity in
the biochemical phase of photosynthesis (Dias et al., 2019).
Thus, the reduction in Fv is related to maximum fluorescence
losses and may also be related to the decrease observed in

Table 3. Summary of the analysis of variance for the initial fluorescence (F ), maximum fluorescence (Fm), variable fluorescence
(Fv), and quantum efficiency of photosystem II (Fv/Fm) of ‘Paluma’ guava seedlings irrigated with different salinity levels as a
function of irrigation water electrical conductivity and concentration of salicylic acid, 180 days after sowing

DF - Degrees of freedom; CV - Coeficient of variation; *,** and ™ - Significant at p < 0.05 and p < 0.01 and not significant, respectively
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* ** - Significant at p < 0.05 and p < 0.01, respectively, by F test

Figure 5. Response surface for maximum fluorescence - Fm
(A), variable fluorescence - Fv (B), and quantum efficiency
of photosystem II - Fv/Fm (C) of ‘Paluma’ guava seedlings as
a function of the interaction between electrical conductivity
of water - ECw and concentrations of salicylic acid - SA, 180
days after sowing

chlorophyll a and total chlorophyll contents (Figures 3A and
4C) with the increase in salinity. Dias et al. (2021) verified
that values of electrical conductivity of water above 2.6 dSm™
led to reductions in chlorophyll a fluorescence parameters of
West Indian cherry.

According to these authors, the decrease in fluorescence
may be related to the degradation of chlorophyll pigments due
to ionic toxicity, and decreases in Fv and Fm result in great
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damage to the photosynthetic apparatus caused by water deficit
due to excess salinity.

Considering that Fv/Fm values between 0.75 and 0.85 are
indicative that the photosynthetic apparatus is intact (Bolhar-
Nordenkampf, 1989), it can be said that the quantum efficiency
of photosystem II - Fv/Fm (Figure 5C) was negatively affected
by salinity and SA since plants subjected to the highest salinity
level (4.2 dS m™) and SA concentration of 3.2 mM L' presented
the lowest value (0.65) of Fv/Fm, a reduction of 13.67% (0.10)
when compared to those under the control treatment (0
mM L' and 0.6 dS m™), and the highest Fv/Fm value (0.75)
was obtained in plants irrigated with ECw of 0.6 dS m™ and
under foliar application of SA at the estimated concentration
of 0.2 mM L. The decrease in the quantum efficiency of
photosystem II with the increase in salinity and SA is probably
due to photoinhibition damage caused to the reaction centers
of photosystem II (PSII), promoting the formation of ROS
(Oliveira et al., 2018; Dias et al., 2019).

CONCLUSIONS

1. Salicylic acid up to a concentration of 1.3 mM L
increases the relative water content and decreases electrolyte
leakage in the leaf blade of ‘Paluma’ guava seedlings.

2. Foliar application of 1.7 mM L of salicylic acid
mitigates the effects of salt stress on chlorophyll a of ‘Paluma’
guava seedlings irrigated with water of up to 1.6 dS m™. The
concentrations of 1.6 and 1.5 mM L of salicylic acid increase
the concentrations of chlorophyll b and total chlorophyll,
respectively.

3. The deleterious effects of salt stress on carotenoid
concentration and photosystem II quantum efficiency are not
attenuated by the application of salicylic acid.
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