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HIGHLIGHTS:
Guava growth, chlorophyll content, and gas exchange decrease if grown with 50% of the reference evapotranspiration (ETr).
‘Crioula’ guava plants irrigated with 50% ETr have less electrolyte leakage under 2.4 mM salicylic acid foliar application.
Salicylic acid increases the chlorophyll content in ‘Paluma’ guava at concentration of 1.2 mM and 50% ETr.

ABSTRACT: Fruit growing is an activity of great relevance for agribusiness in Brazil, with emphasis on guava.
However, water deficiency is one of the limiting factors for plant productivity, so the use of phytohormones such as
salicylic acid has been employed as a strategy to mitigate the effects of water deficit. The objective of this study was
to evaluate the foliar application of salicylic acid as an attenuator of water deficit in guava genetic materials. The
experimental design adopted was randomized blocks, in a 2 x 2 x 5 factorial scheme, considering two water regimes
(irrigation depths equivalent to 50 and 100% of the reference evapotranspiration - ETr), two guava genetic materials
(‘Crioula’ and ‘Paluma’) and five concentrations of salicylic acid (0, 1.2, 2.4, 3.6, and 4.8 mM). Foliar application
of salicylic acid at a concentration of 2.4 mM promoted growth, gas exchange, and chlorophyll a fluorescence of
‘Crioula” guava under irrigation with 50% ETr. Water deficit reduced growth, gas exchange, chlorophyll contents,
and chlorophyll a fluorescence of guava. Among the genetic materials, greater growth, gas exchange, chlorophyll
contents, and chlorophyll a fluorescence was observed in ‘Paluma’ compared to ‘Crioula’ under irrigation with 50%
ETr without foliar application of salicylic acid. Foliar application of salicylic acid at a concentration of 1.2 mM
increases leaf area, number of leaves, and total dry mass in the ‘Crioula’ genetic material under 50% ETr.
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RESUMO: A fruticultura é uma atividade de grande relevancia para o agronegdcio no Brasil, com destaque para
a goiabeira. Entretanto, a deficiéncia hidrica ¢ um dos fatores limitantes para a produtividade das plantas, onde
a utilizagdo de fitohormoénios, como o acido salicilico, tem sido empregado como uma estratégia para mitigar os
efeitos do déficit hidrico. O objetivo deste estudo foi avaliar a aplicagdo foliar de acido salicilico como atenuador
do déficit hidrico em materiais genéticos de goiabeira. O delineamento experimental adotado foi em blocos ao
acaso, em esquema fatorial 2 x 2 x 5, considerando dois regimes hidricos (laminas de irrigacdo equivalentes a 50 e
100% da evapotranspiragio de referéncia - ETr), dois materiais genéticos de goiabeira (‘Crioula’ e ‘Paluma’) e cinco
concentragdes de acido salicilico (0, 1,2, 2,4, 3,6 € 4,8 mM). A aplicagio foliar de acido salicilico na concentragdo de 2,4
mM promoveu efeito benéfico no crescimento, nas trocas gasosas e na fluorescéncia da clorofila a da goiabeira ‘Crioula’
sob irrigagdo com 50% da ETr. O déficit hidrico reduziu o crescimento, as trocas gasosas, o contedo de clorofila
e a fluorescéncia da clorofila a da goiabeira. Dentre os materiais genéticos, a ‘Paluma’ obteve maior crescimento,
trocas gasosas, teores de clorofila e fluorescéncia da clorofila a em compara¢do com a ‘Crioula’ sob irriga¢do com
50% da ETr sem aplicacéo foliar de 4cido salicilico. A aplicagéo foliar de 4cido salicilico na concentragdo de 1,2 mM
aumentou a area foliar, o nimero de folhas e a fitomassa seca total no material genético ‘Crioula’ sob 50% de ETr.
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INTRODUCTION

Guava (Psidium guajava L.) is a fruit crop widely
cultivated in large commercial orchards in Brazil, standing
out for its socioeconomic relevance. Its leaves and fruits
contain secondary metabolites such as terpenes and phenolic
compounds (Macedo et al., 2021). In addition to its medicinal
use, guava is commonly consumed fresh or used in the food
industry to produce pulp, nectars, jams, jellies, and syrups
(Angulo-Loépez et al., 2021).

In 2022, Brazil produced 582,832 tons of guava, with a
harvested area of 22,533 hectares. The States of Pernambuco,
Sao Paulo, and Rio de Janeiro stood out as the main producers,
with 205,960, 182,077, and 18,057 tons, respectively (IBGE,
2023). However, its production is limited in some semi-arid
regions, due to the low availability of water, caused by rainfall
concentrated in a few months, followed by long periods of
drought and high evapotranspiration (Lucena et al., 2018).

Under water deficit conditions, plants reduce the frequency
of stomatal opening, a process mediated by abscisic acid,
which results in restrictions on CO, absorption, transpiration,
photosynthesis and allocation of photoassimilates,
compromising plant growth (Usman et al., 2022; Soares
et al., 2023). This condition also leads to an increase in
the production of reactive oxygen species, such as O, and
H,0,, causing changes in plant metabolism that culminate
in the oxidation of important cellular components such as
membranes, lipids, pigments, and cell genetic material (Usman
et al., 2022). In a study with guava crop under irrigation with
water deficit, Lacerda et al. (2025) observed that a 50% ETr
depth reduced the growth in diameter of the rootstock, graft,
scion, and scion volume, as well as gas exchange: stomatal
conductance and transpiration, and the maximum and variable
fluorescence indices of guava cv. Paluma. In the literature, there
are incipient studies evaluating the effects of water deficit on
guava crop. Therefore, it is extremely important to determine
the level of tolerance or sensitivity of the crop to water deficit
and to establish viable production strategies.

Thus, exogenous application of osmoregulators is shown
to be a strategy to mitigate the effects of water deficit on
plants, especially foliar application of salicylic acid, a phenolic
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compound composed of seven carbons and a signaling molecule
synthesized naturally and endogenously in plants (Ahanger et al.,
2019), contributing to physiological activities, such as nutrient
absorption, photosynthesis, flower induction, and stomatal
closure (Silva et al., 2022). Salicylic acid acts at the molecular
level as one of the plant’s defense signaling agents, increasing
antioxidant activities and synthesis of osmoregulators, such as
proline, glycine-betaine, and total carbohydrates, contributing
to the reduction of oxidative stress (Kaur et al., 2022).

Acclimatization of plants under water deficit can occur
from enzymatic and non-enzymatic mechanisms for cellular
detoxification and osmotic regulation of leaves and roots,
maintaining turgidity through the accumulation of low-
molecular-weight components, maintaining a high osmotic
pressure (Saheri et. al., 2020). Plant tolerance to water stress
can also vary between cultivars of the same species (Usman
et al., 2022). In this context, the objective of this study was to
evaluate the foliar application of salicylic acid as an attenuator
of water deficit in guava genetic materials.

MATERIAL AND METHODS

The experiment was conducted from September 2022 to
March 2023, under greenhouse conditions, at the ‘Rolando
Enrique Rivas Castelléon’ Experimental Farm belonging to
the Center of Sciences and Agri-Food Technology - CCTA
of the Universidade Federal de Campina Grande (UFCG), in
the municipality of Sdo Domingos, Paraiba, Brazil, located at
6° 50" 4” South and 37° 53’ 9” West, at an altitude of 190 m.
Data of maximum and minimum air temperature and relative
air humidity, collected during the experimental period, are
presented in Figure 1.

The experimental design was randomized blocks ina 2 x 2
x 5 factorial scheme, referring to two guava genetic materials
(‘Crioula’ and ‘Paluma’), two water regimes (100 and 50% of the
reference evapotranspiration - ETr), and five concentrations of
salicylicacid (0, 1.2, 2.4, 3.6, and 4.8 mM), with four replicates
and two plants per plot, totaling 160 plants. Salicylic acid
concentrations were defined based on a study conducted by
Lacerda et al. (2022).

Figure 1. Maximum (Tmax) and minimum (Tmin) air temperature and relative air humidity (RH) during the experimental

period from September 06, 2022 to March 04, 2023
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Sowing was carried out in plastic bags with a volume of
1.4 dm’ filled with a substrate composed of soil, sand, and
well decomposed manure in a volumetric ratio of 2:2:1, using
two seeds; after emergence, thinning was performed, leaving
one plant per bag. The genetic materials used were ‘Crioula,
obtained from natural crossing and with vast genetic diversity,
that is, it is not defined as a commercial variety, but it is a
genetic material adapted to the edaphoclimatic conditions
of the semi-arid northeast (Melo et al., 2021), and ‘Paluma,
a widely marketed cultivar in Brazil due to the quality of its
fruits and its high nutritional value, being rich in vitamin C,
potassium, calcium and magnesium, and bioactive compounds,
in addition to having high yield (Souza et al., 2016). The
physical-hydraulic and chemical attributes of the soil were
determined according to the methodology of Teixeira et al.
(2017).

Fertilization management followed the recommendation
of Novais et al. (1991), applying 100 mg of N (urea), 300
mg of PO, (monoammonium phosphate) and 150 mg
of K,O (potassium chloride) kg of soil, applied as top-
dressing, starting at 60 days after sowing (DAS), split into
eight applications. Micronutrients were applied every
15 days through foliar fertilization, with the commercial
product Dripsol micro’, which contains in its constitution:
1.2% magnesium, 0.85% boron, 3.4% iron, 4.2% zinc, 3.2%
manganese, 0.5% copper, and 0.06% molybdenum.

In all experimental units, soil moisture was maintained
at field capacity until the beginning of the application of the
treatments (90 days after sowing - DAS). The water used for
irrigation came from the local supply system of the city of Sdo
Domingos, PB, and the irrigation depth for each treatment was
determined based on plants under full irrigation (100% ETr),
obtained by weighing lysimetry. To this end, the bags with soil
were weighed prior to sowing to determine the dry weight of
the soil (g) and its weight at field capacity (g), and after sowing,
the actual weight (g) was determined at each irrigation event.
With these values, soil moisture at field capacity was calculated
according to Eq. 1 (Silva et al., 2023):

_ Msfc—Mds
Mds

Ufc (1)

where:

Ufc - gravimetric moisture content of soil at field capacity
(88"

Msfc - mass of soil at field capacity (g); and,

Mds - mass of dry soil (g).
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Then, volumetric soil moisture (0) at the actual field
capacity at each irrigation event was estimated, according to
Eq. 2:

0fc = UfcxBD (2)

where:
0fc - volumetric moisture of soil at field capacity (cm? cm™);
Ufc - gravimetric moisture of soil at field capacity (g g");
and,
BD - bulk density (g cm™).

Salicylic acid (SA) solution was prepared by dissolution
in 30% ethyl alcohol (95.5% purity) on the days of SA
application at 5 p.m. Foliar application began 72 hours prior
to the beginning of the differentiation of the irrigation depths
and was subsequently performed every 15 days (S4 et al,,
2024) by spraying the abaxial and adaxial sides of the leaves,
during the entire period of seedling formation, in a total of six
applications, the mean value per plant being 21.87 mL.

Gas exchange was analyzed at 188 DAS, using an infrared
gas analyzer - IRGA (Infra-Red Gas Analyser, model LCpro
- SD, from ADC BioScientific, UK), by measuring stomatal
conductance - gs (mol H,O m™ s™), transpiration - E (mmol
H,0 m? s '), CO, assimilation rate - A (umol CO, m? s™)
and internal CO, concentration - Ci (umol CO, m?s™). These
data were then used to estimate the instantaneous water use
efficiency - WUE (A/E) [(umol CO, m? s) (mmol H,O m? s)"']
and the instantaneous carboxylation efficiency - iCE (A/Ci)
[(umol CO, m?s") (umol CO, m?s™)]. Readings were taken
between 6:30 and 10:00 a.m. under natural conditions of
air temperature, CO, concentration, and using an artificial
radiation source of 1,200 pmol m?2s™.

At 188 days after sowing, photosynthetic pigments were
determined from the contents of chlorophyll a, chlorophyll b,
total chlorophyll and carotenoids of the leaves, by means of
a sample of four discs of the third mature leaf from the apex,
previously weighed, according to the methodology proposed
by Arnon (1949). At the same time, the relative water content
in the leaf blade of guava seedlings was determined according
to the methodology of Weatherley (1950). Electrolyte leakage
was also measured, in accordance with Scotti-Campos (2013).

Photochemical efficiency was determined at 188 DAS using
a pulse-modulated fluorometer (Sciences Inc.- Model OS-30p,
Hudson, USA), by placing leaf clips on the selected leaves for
readings after 30 minutes of adaptation to the dark, and then
determining initial fluorescence - F,, maximum fluorescence

Table 1. Physical and chemical attributes of the soil used in the experiment

pH - Hydrogen potential, OM - Organic matter: Walkley-Black Wet Digestion; Ca** and Mg** extracted with 1 M KCl at pH 7.0; Na* and K* extracted with 1 M NH,OAc at pH
7.0; AP*+H" extracted with 0.5 M CaOAc 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; ' Referring to the moisture contents in the soil corresponding to field capacity and permanent wilting point, respectively

Rev. Bras. Eng. Agric. Ambiental, v.29, n.5, €288437, 2025.
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- Fm, variable fluorescence - Fv and quantum efficiency of
photosystem II - Fv/Fm.

The growth of guava seedlings was measured at 188 DAS,
based on the number of leaves - NL, obtained by manual
counting of the leaves, considering those that were longer than
3 cm; plant height - PH (cm), measured from the plant collar
to the insertion of the apical bud, using a graduated ruler;
stem diameter - SD (mm), measured with a digital caliper at
2 cm from soil surface; and leaf area - LA (cm?), obtained by
measuring the midrib length of each leaf with a graduated
ruler, following the methodology of Queiroga et al. (2023),
and calculated according to Eq. 3.

LA =0.3205x L*™" (3)

where:
LA - leaf area (cm?); and,
L - midrib length of the leaf (cm).

In this same period, after harvesting the plants were dried
at 65 °C for 48 hours in a forced air circulation oven and then
weighed on a semi-analytical scale, to obtain the total dry
mass - TDM (g per plant).

The collected data were subjected to principal component
analysis (PCA), synthesizing the amount of relevant
information contained in the original data sets in a smaller
number of dimensions, resulting from linear combinations of
the original variables generated based on the eigenvalues (A >
1.0) in the correlation matrix, explaining percentages greater
than 10% in the total variance (Govaerts et al., 2007). Only
variables with a correlation coeflicient equal to or greater than
0.5 remained in the PCA, performed with the FactoMineR
(Factor Analysis and Data Mining with R) package. From the
reduction of dimensions, the original data of the variables of
each component were subjected to multivariate analysis of
variance (MANOVA) by the Lawley-Hotelling test (Hotelling
et al., 1947) at a 0.05 probability level for water regime,
salicylic acid concentrations, and genetic material, as well as
for the interaction between them. The justification for using
MANOVA is to analyze the combined influence of multiple
independent variables on multiple dependent variables,
providing a comprehensive understanding of their joint effects.
Additionally, a Pearson correlation analysis was performed
using the Corrplot package. All analyses were executed on the
R 4.3.2 platform (R Core Team, 2022).

RESULTS AND D1SCUSSION

Principal component analysis (PCA) revealed that the
first two components explained 61.40% of the total variance
of the data. However, most of the significant associations (p <
0.01) were concentrated in the first component, which alone
explained 48.92% of the variance of the data (Tables 2, 3 and 4).

In the first component, there were correlations between
number of leaves (r = 0.87), total dry mass (r = 0.85), leaf
area (r = 0.85), plant height (r = 0.83), CO, assimilation
rate (r = 0.85), stem diameter (r = 0.84), initial fluorescence
(r = 0.77), transpiration (r = 0.74), quantum efficiency of

Rev. Bras. Eng. Agric. Ambiental, v.29, n.5, €288437, 2025.
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photosystem II (r = 0.67), maximum fluorescence (r = 0.64),
variable fluorescence (r = 0,63), relative water content (r
= 0.61), stomatal conductance (r = 0.51), carotenoids (r =
-0.50), instantaneous carboxylation efficiency (r = -0.51),
instantaneous water use efficiency (r = -0.55), electrolyte
leakage (r = -0.69) and internal CO, concentration (r = -0.74),
while in the second component, which explained 12.54%
of the original variance, only the pigments were negatively
correlated: chlorophyll a (r = -0.80), chlorophyll b (r = -0.65)
and chlorophyll total (r = -0.77) (Tables 2, 3 and 4).

The application of salicylic acid (SA) had a remarkable effect
on the growth and physiological aspects of the ‘Crioula’ and
‘Paluma’ genetic materials, especially in response to different
levels of water availability, since plants under 50% ETr for both
genetic materials had lower values of growth and gas exchange,
as well as high levels of carotenoids, electrolyte leakage,
and relative water content (Figure 2). Growth inhibition
due to water restriction is often associated with loss of cell
turgor, which limits cell division and elongation, resulting in
physiological changes such as disturbances in photosynthesis
and increased reactive oxygen species (Oliveira et al., 2023).

In the ‘Crioula’ genetic material, the application of 2.4
mM of SA (M,SA)) resulted in considerable increments in the
mean values of CO, assimilation rate, stomatal conductance
and transpiration, recording increases of 146, 820, and 93%,
respectively, compared to plants that did not receive SA, under
conditions of 100% ETr (Table 2). Similarly, Queiroga et al.
(2023) observed that SA, at concentration of 2.9 mM, increased
stomatal conductance in guava plants. The authors suggest
that this beneficial effect may be related to the ability of SA to
regulate the antioxidant defense system, maintain the integrity
of the chloroplast, influence the control of stomatal opening
and closing, and maintain the stability of the cell membrane.

Plants of the ‘Crioula’ genetic material under water
restriction (50% ETr) showed lower values of CO, assimilation
rate, stomatal conductance and transpiration, without the
application of SA, being 4.16, 62.88, and 83.33% lower
compared to those observed in ‘Paluma’ guava (Table 2). This
occurs because, under water deficit conditions, the activities of
some essential enzymes, including ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO) and RuBisCO activase,
are inhibited, leading to a reduction in CO, fixation (Kang et
al., 2023).

Abrar et al. (2022), when studying the tolerance to water
deficit and physiological responses of guava, also observed that
under water restriction the stomata were closed to conserve
leaf moisture; consequently, stomatal conductance decreased,
which led to a decrease in photosynthesis and transpiration.
Considering that both genetic materials were propagated via
seminiferous plants (seeds), the superiority observed in cv.
Paluma over ‘Crioula’ is possibly due to genetic variability and
the variation in the degree of tolerance to water deficit that
occurs between genetic materials of the same species.

Despite the reductions observed in the ‘Crioula’ genetic
material under 50% ETr, the application of SA at concentration
of 2.4 mM increased CO, assimilation rate, stomatal
conductance and transpiration compared to plants without
SA (Table 2). This increase occurs because SA acts in the
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Table 2. Eigenvalues, percentage of total variance explained in the multivariate analysis of variance, and probability of significance

by Hotelling’s test (p-value) for the factors

+ - Standard error of the mean (n = 4). C, - Irrigation with 100% ETr; C, - Irrigation with 50% ETr; M, - ‘Crioula’ genetic material; M, - ‘Paluma’ genetic material; SA| - Salicylic
acid (0 mM); SA, - Salicylic acid (1.2 mM); SA, - salicylic acid (2.4 mM); SA, - Salicylic acid (3.6 mM); SA, - Salicylic acid (4.8 mM); A - CO, assimilation rate (umol CO, m?s™),

E - Transpiration (pmol CO, m?s'); gs - Stomatal conductance (mmol H,0 m™
[(umol CO, m?

maintenance of the photosynthetic apparatus, stimulating
the activity of antioxidant enzymes that help protect plants
against damage caused by oxidative stress, besides influencing
stomatal opening, facilitating the entry of CO,, increasing its
assimilation rate (Zafar et al., 2021). Likewise, Fatima et al.
(2023) studied the application of SA in yellow passion fruit
and observed that foliar application of SA at concentration of
1.30 mM attenuates the effects of water deficit (50% ETr) on
gas exchange and growth.

Internal carbon concentration, water use efficiency and
instantaneous carboxylation efficiency in plants of the ‘Crioula’
genetic material without SA application under 50% ETr were
respectively 11.10, 349.43 and 61.54% higher than those
observed in the ‘Paluma’ genetic material (Table 2). This result
can be explained by the fact that ‘Crioula’ guava is a rustic
plant material, adapted to the edaphoclimatic conditions of the
northeastern semi-arid region, being more efficient in the use
of water and CO, carboxylation (Souza et al., 2016).

It was also observed that ‘Crioula’ guava under 100% ETr
and application of SA at concentration of 2.4 mM showed
the lowest values of internal carbon concentration (234 pmol
CO, m? s), instantaneous water use efficiency (0.41[(umol CO,

s'); Ci - Internal carbon concentration (umol Co, m?s™'); WUE - Instantaneous water use efficiency
s) (mmol H,0 m™s)"], iCE - Instantaneous carboxylation efficiency [(umol CO, m?s™') (umol CO, m*s™)]

m?s"') (mmol H,O m?s")"']) and instantaneous carboxylation
efficiency (0.003[(umol CO, m? s') (umol CO, m? s)"'],
while plants under 50% ETr showed increments in the values
of these variables, which decreased with the application of SA
concentrations (Table 2).

This is consistent with the reduction of stomatal conductance
and transpiration under 50% ETr, which increases water use
efficiency under water deficit. The stomatal response observed
in plants subjected to this deficit can be attributed to the
production of abscisic acid, contributing to the maintenance
of leaf water potential even under conditions of water scarcity
(Soares et al., 2023). However, the application of SA increased
enzymatic and photosynthetic functions, reducing the
efficiency (Silva et al., 2022).

In the ‘Crioula’ genetic material, the contents of chlorophyll
a, chlorophyll b, and chlorophyll total increased by 29.79,
18.26 and 25.96% with application of SA up to 2.4 mM under
100% ETr and carotenoid levels decreased (14.34%); likewise,
for these same plants under water restriction, chlorophyll
contents increased up to SA concentration of 3.6 mM and
carotenoid contents decreased (Table 3). ‘Paluma’ guava under
water restriction showed higher mean values than those of

Rev. Bras. Eng. Agric. Ambiental, v.29, n.5, €288437, 2025.
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Table 3. Eigenvalues, percentage of total variance explained in the multivariate analysis of variance, and probability of significance

by Hotelling’s test (p-value) for the factors

+ - Standard error of the mean (n = 4). C, - Irrigation with 100% ETr; C, - Irrigation with 50% ETr; M,- ‘Crioula’ genetic material; M, - ‘Paluma’ genetic material; SA, - Salicylic acid
(0 mM); SA, - Salicylic acid (1.2 mM); SA, - Salicylic acid (2.4 mM); SA, - Salicylic acid (3.6 mM); SA, - Salicylic acid (4.8 mM); Chl a - Chlorophyll a (ug mL™); Chlb - Chlorophyll
b (ug mL"); Chl t - Chlorophyll total (ug mL"); Carot - Carotenoid carotenoids (ug mL™"); Fo - Initial fluorescence; Fm - Maximum fluorescence; Fv - Variable fluorescence; Fv/

Fm - Quantum efficiency of photosystem II

the ‘Crioula’ genetic material under 50% ETr for chlorophyll
a (18.07%), chlorophyll b (13.03%) and chlorophyll total
(16.68%) with 0 mM of SA (Table 3). Additionally, in plants of
the cv. ‘Paluma’ chlorophyll content increased and carotenoid
content decreased up to 1.2 mM of SA under 50% ETr.

During periods of water deficit, plants reduce chlorophyll
synthesis and increase carotenoid synthesis as part of their
antioxidant defense mechanism (Zafar et al., 2021). However,
with the application of SA, there was a reversal of the process,
because the acid reduces chlorophyll degradation under
stressful conditions, reducing damage to the photosynthetic
apparatus induced by the accumulation of compatible solutes
and reducing the level of reactive oxygen species, as well as
improving the activity of chlorophyll-synthesizing enzymes
(Saheri etal., 2020). Xavier et al. (2022) found that application
of SA to guava at concentrations of 1.60 and 1.50 mM increased
the concentrations of chlorophyll b and chlorophyll total,
respectively.

The initial, maximum and variable fluorescence and
quantum efficiency of photosystem II in guava genetic materials
were reduced with water restriction, but ‘Paluma’ guava had
16.25, 42.97, 55.55, and 11.26% higher values, respectively,
compared to ‘Crioula’ under water restriction of 50% ETr
and 0 mM of SA (Table 3). As observed for the chlorophyll

Rev. Bras. Eng. Agric. Ambiental, v.29, n.5, €288437, 2025.

content, the initial, maximum and variable fluorescence and
the instantaneous carboxylation efficiency of ‘Crioula’ guava
plants were higher with the application of SA at concentration
of 2.4 mM under 100% ETr, while under water restriction
there were reductions in the values of these variables, but SA
application mitigated this decrease, with higher values at the SA
concentration of 4.8 mM (Table 3). The reductions in Fm, Fv
and Fv/Fm highlight the deleterious effects of water deficit on
the photoactivation of photosystem II (Medyouni et al., 2021).

However, the application of SA increased chlorophyll a
fluorescence, and this protective effect can be attributed to
the ability of SA to increase the electron transport rate and
the quantum yield of photosystem II, as well as increasing
the relative content of protein D1 in stressed plants (Silva et
al., 2023). Xavier et al. (2022) also reported increments in
fluorescence with foliar application of SA at concentration of
0.9 mM in guava.

In ‘Crioula’ guava plants without SA application and
subjected to water restriction (50% ETr), the mean values of
relative water content and electrolyte leakage increased, being
equal to 76.18 and 23.12%, respectively. SA application reduced
these variables, and the most notable effects were observed with
the concentration of 1.2 mM for the relative water content and
2.4 mM for electrolyte leakage.
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Table 4. Eigenvalues, percentage of total variance explained in the multivariate analysis of variance, and probability of significance
by Hotelling’s test (p-value) for the factors

+ - Standard error of the mean (n = 4). C, - Irrigation with 100% ETr; C, - Irrigation with 50% ETr; M, - ‘Crioula’ genetic material; M, - ‘Paluma’ genetic material; SA, - Salicylic acid
(0 mM); SA, - Salicylic acid (1.2 mM); SA, - Salicylic acid (2.4 mM); SA, - Salicylic acid (3.6 mM); SA, - Salicylic acid (4.8 mM); RWC - Relative water content (%); EL - Electrolyte
leakage (%); PH - Plant height (cm); SD - Stem diameter (mm); NL - Number of leaves; LA - Leaf area (cm?); TDM - Total dry mass (g per plant)

C, - Irrigation with 100% ETr; C, - Irrigation with 50% ETr; M, - ‘Crioula’ genetic material; M, - ‘Paluma’ genetic material; SA, - Salicylic acid (0 mM); SA, - Salicylic acid (1.2 mM);
SA, - Salicylic acid (2.4 mM); SA, - Salicylic acid (3.6 mM); SA, - Salicylic acid (4.8 mM); A - CO, assimilation rate, E - Transpiration; gs - Stomatal conductance; Ci - Internal
carbon concentration; WUE - Instantaneous water use efficiency, iCE - Instantaneous carboxylation efficiency, Chl a - Chlorophyll a; Chl b - Chlorophyll b; Chl t - Total chlorophyll;
Carot - Carotenoids; Fo - Initial fluorescence; Fm - Maximum fluorescence; Fv - Variable fluorescence; Fv/Fm - Quantum efficiency of photosystem II; RWC - Relative water content;
EL - Electrolyte leakage; PH - Plant height; SD - Stem diameter; NL - Number of leaves; LA - Leaf area; TDM - Total dry mass

Figure 2. Two-dimensional projection of the principal component scores for the factors irrigation water regimes (C), genetic

materials (M) and salicylic acid concentrations (A) and the analyzed variables (B) in the two principal components (PC1 and PC2)

Rev. Bras. Eng. Agric. Ambiental, v.29, n.5, €288437, 2025.
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The reduction of electrolyte leakage in SA-treated plants
under conditions of water deficit suggests greater cell
membrane integrity, which can be attributed to the activation
of antioxidant defense mechanisms induced by SA (Kaur et al.,
2022). On the other hand, the increase in electrolyte leakage in
plants without SA treatment under water restriction indicates
greater cell membrane permeability, a common phenomenon
in situations of water deficit due to abscisic acid activation
(Soares et al., 2023).

Plants of the ‘Crioula’ genetic material irrigated with 50%
ETr had the highest relative water content and electrolyte leakage
without application of SA (Table 4). This is justified because
the integrity of cell membranes is essential for the maintenance
of cell homeostasis and for the proper function of plant cells;
thus, when the membranes are not damaged under water stress,
the cell does not lose its capacity to regulate ion gradients and
water entry, which does not compromise vital processes such
as nutrient absorption and the synthesis of organic compounds,
maintaining growth (Chavouski et al., 2023).

Plant height, stem diameter, number of leaves, leaf area,
and total dry mass were higher in the ‘Crioula’ genetic material
without water restriction (100% ETr) and with application of
2.4 mM of SA, while the lowest values were observed in plants
under water deficit (50% ETr) and without application of SA,
with decreases of 42.25, 35.5, 50.64, 60.42, and 56.58% when
compared to plants under full irrigation, respectively (Table 4).

The growth of plants under water restriction is inhibited
due to stomatal closure, which is a strategic mechanism used by

Iara A. Roque et al.

plants to avoid excessive water loss, resulting in a lower influx
of CO, into plant cells, reducing photosynthetic efficiency and
causing oxidative damage (Lobato et al., 2021). Souza et al.
(2023), when investigating the impact of water deficit on the
physiology of Psidium myrtoides, observed that plants reduced
gas exchange and growth when subjected to water restriction.

Despite the reductions observed in plants under water
deficit, the application of SA resulted in increases in the mean
values of these variables compared to seedlings that did not
receive SA under the same conditions. For the ‘Crioula’ genetic
material, increases in leaf area, number of leaves, and total
dry mass were observed up to the concentration of 1.2 mM
of SA. In the case of the ‘Paluma’ material, the highest values
were obtained at the following SA concentrations: 4.8 mM for
total dry mass, 3.6 mM for stem diameter, 2.4 mM for number
of leaves, and leaf area, and 1.2 mM for plant height. This is
due to the fact that SA plays an important role in modulating
cellular redox balance and protecting plants from oxidative
damage (Zafar et al.,, 2021). In addition, SA acts to reduce the
osmotic potential of the root, contributing to the absorption
of water and nutrients and to cell turgor, facilitating growth
(Fatima et al., 2023).

According to the correlation matrix, guava plants with
higher growth and dry mass accumulation have a higher
positive correlation with CO, assimilation rate, transpiration
and chlorophyll b content. Simultaneously, these variables are
negatively correlated with internal CO, concentration and
electrolyte leakage (Figure 3).

A - CO, assimilation rate, E - Transpiration; gs - Stomatal conductance; Ci - Internal carbon concentration; WUE - Instantaneous water use efficiency, iCE - Instantaneous carboxylation
efficiency, Chla - Chlorophyll a; Chl b - Chlorophyll b; Chl t - Chlorophyll total; Carot - Carotenoids; Fo - Initial fluorescence; Fm - Maximum fluorescence; Fv - Variable fluorescence;
Fv/Fm - Quantum efficiency of photosystem II; RWC - Relative water content; EL - Electrolyte leakage; PH - Plant height; SD - Stem diameter; NL - Number of leaves; LA - Leaf

area; TDM - Total dry mass

Figure 3. Pearson’s correlation between growth and physiological variables of guava genetic materials under water conditions

and salicylic acid concentrations

Rev. Bras. Eng. Agric. Ambiental, v.29, n.5, €288437, 2025.
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CO, assimilation rate is fundamental for photosynthesis,
so plants with a higher CO, assimilation rate exhibit more
robust growth, as this implies greater biomass production and
consequently less membrane damage (Silva et al., 2022). Therefore,
the attenuation of water deficit by SA is related to the maintenance
of gas exchange, which implies a lower reduction in plant growth,
corroborating the results reported by Fatima et al. (2023). In
general, the results obtained in this study meet the expectations
and confirm the hypothesis that foliar application of SA is capable
of inducing tolerance to water deficit in guava plants.

CONCLUSIONS

1. Foliar application of salicylic acid at concentration of
2.4 mM increases the growth, gas exchange, and chlorophyll a
fluorescence of ‘Crioula’ guava under irrigation with 50% of the
reference evapotranspiration (ETr).

2. Water deficit (50% ETr) reduced growth, gas exchange,
chlorophyll contents, and chlorophyll a fluorescence of guava.

3. The genetic material ‘Paluma’ showed greater growth, gas
exchange, chlorophyll content, and chlorophyll a fluorescence
compared to ‘Crioula’ under irrigation with 50% of ETr without
foliar application of salicylic acid.

4. Foliar application of salicylic acid at concentration of 1.2
mM increases leaf area, number of leaves, and total dry mass in
the ‘Crioula’ genetic material under 50% ETr.
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