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ABSTRACT: The Northeast region is the main producer of guava in Brazil, generating employment and income. How-
ever, water availability means that producer’s resort to using water with high salinity, which harms plant development,
especially during the seedling formation phase. The adoption of techniques that mitigate the deleterious effect of salinity
is increasingly necessary, such as the use of elicitors such as ascorbic acid. The purpose of this study was to analyze
the morphophysiology of guava seedlings under saline and ascorbic acid levels. The study was carried out by applying
treatments composed of five saline levels (SL = 0.3; 1.3; 2.3; 3.3 and 4.3 dS m−1) and four levels of ascorbic acid—AA
(0, 200, 400, and 600 mg L−1), in a 5 × 4 factorial arrangement, adopting a randomized block design. Gas exchange
and growth of guava seedlings are limited from 0.3 dS m−1. Using 400 mg L−1 of AA reduces damage from salinity on
stomatal conductance, transpiration, and net assimilation rate up to the estimated SL of 1.80 dS m−1. In contrast, AA
level 412 mg L−1 increased instantaneous water use efficiency up to the salinity of 2.3 dS m−1. AA level of 600 mg L−1

attenuated salt stress effects on leaf area and height/stem diameter ratio up to SL of 2.05 dS m−1. The number of leaves
and the absolute and relative growth rates were stimulated by AA under the lowest saline level.
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1 Introduction
Guava is one of the most produced fruit crops in the Brazilian Northeast region, being a fruit consumed

fresh and used in industry for the production of juices, sweets, jellies, and ice cream, among others. Brazil’s
production in the 2023 season was 582,832 t, with the Northeast standing out as the greatest producer,
accounting for 48.94% of all production [1].

Despite the importance of guava in the regional fruit-growing scenario, its production may become
limited due to water scarcity, which induces farmers to make use of low-quality and high salinity in irrigation
to meet the water needs of the crop [2]. This practice is commonly observed in irrigated areas of the Brazilian
Northeast [3], where the salinization process is accelerated, posing significant risks of soil degradation [4].

The high salinity of the water can compromise several biochemical and morphophysiological processes,
due to the reduction of osmotic potential, restricting the plant’s ability to absorb water and nutrients, ionic
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effect, which causes toxicity and imbalance of nutrients, and oxidative stress, caused by the production and
accumulation of reactive oxygen species (ROS), which affects the integrity of membranes and leads to protein
denaturation [5–7].

Plant tolerance to salinity depends on several aspects, such as the intensity and duration of exposure, the
species/cultivar, and the stage of development. The seedling formation phase is one of the most vulnerable
to salt stress, with germination and initial establishment being the phases most susceptible to the harmful
effects of salinity [8]. Some authors studying the effects of salinity on guava crops have obtained different
responses regarding their salinity tolerance. For instance, Ferreira et al. [9] observed that, during the seedling
formation phase, guava cv. Paluma has a low tolerance, with a salinity threshold of 0.3 dS m−1.

Given this scenario, there emerges the need to adopt strategies that make it possible to reduce the
damage caused by salinity on guava crops, including the application of eliciting compounds, such as ascorbic
acid (AA) [10]. AA is a non-enzymatic compound that has antioxidant potential, involved in several
physiological processes, such as the electron transport system, the xanthophyll and ascorbate-glutathione
cycle, cell division and expansion, tocopherol regeneration, and biosynthesis of phytohormones [10,11]. AA
also works by eliminating the excess of accumulated ROS, through the removal of various free radicals such
as O2−, HO+, and H2O2, reducing the effects of oxidative stress, besides being a cofactor of enzymes that
stimulate the plant’s antioxidant defense system, promoting greater tolerance to salinity [12,13].

From this perspective, the hypothesis of this study posits that ascorbic acid (AA) can alleviate the
effects of saline stress in the seedling production phase. This is attributed to the physiological regulatory
function of AA in the electron transport chain, where it acts as an alternative electron donor and enzyme
activator. By doing so, AA helps sustain the flow of ATP and NADPH to the Calvin cycle, ensures proper
stomatal activity, and maintains internal carbon flow, while also combating hydrogen peroxide accumulation
linked to signaling pathways [11]. Consequently, this mechanism may enhance the activity of the RuBisCo
enzyme in carbon assimilation, promoting plant growth and supporting ionic homeostasis under saline
environments [14].

Thus, the purpose of this study was to analyze the morphophysiology of guava seedlings under saline
and ascorbic acid levels in seedlings of cv. Paluma.

2 Material and Methods

2.1 Experiment Location
The experiment was conducted in a greenhouse belonging to the Academic Unit of Agricultural

Sciences of the Federal University of Campina Grande (UFCG), Campus of Pombal, PB, Brazil. During the
development of the study, the conditions of the protected environment presented a maximum temperature
of 33.4○C, a minimum of 23.8○C and a relative humidity of 70.9%.

2.2 Experimental Design
To carry out the study, a randomized block design was adopted, in a 5 × 4 factorial arrangement,

representing to five saline levels (SL = 0.3, 1.3, 2.3, 3.3 and 4.3 dS m−1) and four levels of ascorbic acid (AA =
0, 200, 400 and 600 mg L−1) with four replicates. Saline levels were established according to Ferreira et al. [9],
and AA levels were defined according to Gaafar et al. [13].

2.3 Conducting the Study
Guava seedlings cv. Paluma were obtained from seeds taken from fully ripe and healthy fruits, obtained

from an orchard located at the Experimental Farm “Rolando Enrique Rivas” of CCTA/UFCG. The plants
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were grown in 2.0 dm3 polyethylene containers, with five seeds being sown and excess plants being thinned
after emergence, leaving only the most vigorous one.

The bags were filled with Psamment with sandy loam texture, from the 0–20 cm deep layer and
collected in the experimental area of the Experimental Farm, CCTA/UFCG, in São Domingos, PB. The soil
underwent initial analyses, and its physical and chemical attributes were identified according to Teixeira
et al. [15]. Attributes of the soil used in the experiment: pH = 6.01; OM = 0.21 g kg−1; P = 0.53 mg kg−1;
K+ = 0.12 cmolc kg−1; Na+ = 0.05 cmolc kg−1; Ca2+

= 3.0; Mg2+
= 2.44 cmolc kg−1; Al3+ = 0.0 cmolc kg−1;

H+ = 0.69 cmolc kg−1; ECse = 0.71 dS m−1; CEC = 6.25 cmolc kg−1; SARse = 0.61 mmol L−1; ESP = 0.80%;
Particle-size fraction (g kg−1): Sand = 756.50; Silt = 200.10; Clay = 43.40.

Fertilization was based on the recommendation of Novais et al. [16], corresponding to 100, 150 and
300 mg kg−1 of soil of nitrogen (N), potassium (K2O) and phosphorus (P2O5). Fertilization began at
15 days after seedling emergence, split into three portions and applied by fertigation at 15-day intervals.
Micronutrients were foliar applied with 1.0 g L−1.

The saline waters were obtained by dissolving NaCl in the water supply of the municipality of Pombal
in the concentrations until reaching the levels used in the study, and the SL values were measured with the
aid of a bench conductivity meter. For this purpose, the Richards methodology [17] was used to prepare the
waters. Irrigation with saline waters began after the plants had 2 pairs of expanded leaves, and with volume
based on water balance.

AA levels were obtained by diluting it in distilled water to the required concentrations. A drop of foliar
adhesive (Tweem-80 R©, Cachoeirinha - RS, Brazil) was added to the solution in order to facilitate the fixation
of AA on the leaves. AA application began 72 h before irrigation with saline water, via foliar, using a manual
sprayer. During the research, AA was applied biweekly, applying an average value of 50 mL per plant.

2.4 Evaluations
At 110 days after sowing (DAS), gas exchanges were measured using a portable infrared gas analyzer

(Infrared Gas Analyzer, model LCpro—SD), operating with a temperature control of 25○C. Readings were
taken from 6:30 a.m. to 9:30 a.m., on fully expanded and photosynthetically active leaves of the middle third,
at natural air temperature, with a CO2 concentration and an artificial light source of 1.200 μmol m−2 s−1.

The levels of photosynthetic pigments were determined during the same period. Small leaf spheres of
3.14 cm2 were obtained. placed in test tubes, acclimatized to the dark. Then, 5 mL of dimethyl sulfoxide
(DMSO) was added to each sample, following the protocol described by Cruz et al. [18]. The tubes were
kept in complete darkness for 48 h after collection. After this period, the extracts were transferred to quartz
cuvettes and analyzed using a spectrophotometer (Thermo Scientific, model Genesys 20), with absorbance
readings at wavelengths of 665, 649, and 480 nm. These measurements allowed for the quantification of
chlorophyll a (Chl a), b (Chl b), and carotenoids (CAR), as well as total chlorophyll (Chl To), calculated as
the sum of Chl a and Chl b, according to the methodology proposed by Wellburn [19].

Growth was evaluated at 110 DAS, through plant height (PH), number of leaves (NL), stem diameter
(SD) and leaf area (LA). The PH was obtained by measuring from the base to the top of the plant, using a
tape measure, with the results expressed in cm; NL was determined by counting fully formed leaves; SD was
obtained using a digital caliper; and LA was obtained by means of leaf blade measurements and calculated
according to Zucoloto et al. [20].

The absolute and relative growth rates of plant height (AGRPH and RGRPH) and stem diameter (AGRSD
and RGRSD) were obtained considering the times of 20 and 130 DAS (t1 and t2, respectively) according to
Benincasa [21].
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The data obtained in this study were evaluated for normality using the Sharpiro-Wilk test and for
homogeneity of variances using the Bartlett test. They were then subjected to analysis of variance at 5%
probability level by the F test and, when there was a significant effect, polynomial regression was applied
using the Sisvar statistical program [22]. To establish the correlation between the variables analyzed and the
factors studied, a principal components analysis (PCA) was performed using the RStudio

R©
program.

3 Results
The interaction between saline and ascorbic acid levels (SL × AA) promoted a significant effect on

gas exchanges of stomatal conductance (gs), transpiration (E), internal CO2 concentration (Ci), net CO2
assimilation rate (A), instantaneous water use efficiency (WUEi) and instantaneous carboxylation efficiency
(CEi) of guava seedlings cv. Paluma.

Ascorbic acid attenuated the effects of salt stress on the gs of guava seedlings, the maximum estimated
value being observed (172.37 mol CO2 m−2 s−1) obtained at SL of 1.8 dS m−1 and under AA level of 450 mg L−1

(Fig. 1A). The lowest value of gs (79.85 mol CO2 m−2 s−1) observed in the highest SL (4.3 dS m−1) and without
application of AA.

E was higher (4.0066 mmol H2O m−2 s−1) in seedlings cultivated to salinity of 1.55 dS m−1 and under
application of 450 mg L−1 of AA (Fig. 1B), followed by a decrease in E with increasing SL, and the lowest
value (2.0518 mmol H2O m−2 s−1) was obtained at the saline level of 4.3 dS m−1 and without application of
AA. This behavior is directly associated with the beneficial effect of AA on stomatal opening, since salt stress
compromises gs, affecting plant transpiration.

Salt stress compromised the CO2 uptake by guava plants, (156.86 μmol CO2 m−2 s−1) in plants cultivated
under the SL of 0.3 dS m−1 and under AA level of 37.5 mg L−1 (Fig. 1C). The increase to the SL of 4.3 dS m−1

provided decreases in Ci, with the lowest value (111.26 μmol CO2 m−2 s−1), observed in plants exposed the
maximum level of AA (600 mg L−1).

The use of AA alleviated the damage caused by salinity on the A, with the highest value (20.68 μmol
CO2 m−2 s−1) observed to SL of 1.55 dS m−1 and AA level of 375 mg L−1 (Fig. 1D). The lowest value of A
(11.81 μmol CO2 m−2 s−1) occurred under saline level of 4.3 dS m−1 and without application of AA.

For the WUEi, foliar spraying of 412 mg L−1 of AA alleviated damage from salt stress, with the estimated
maximum value (5.4768 [(μmol CO2 m−2 s−1) (mol H2O m−2 s−1)−1]) obtained under SL of 2.30 dS m−1

(Fig. 1E). The lowest value of WUEi (4.2720 [(μmol CO2 m−2 s−1) (mol H2O m−2 s−1)−1]) occurred to salinity
of 4.3 dS m−1 and that did not receive AA.

The CEi was higher (0.1918 [(μmol CO2 m−2 s−1) (μmol CO2 m−2 s−1)−1]) under SL of 1.55 dS m−1 and
AA level of 450 mg L−1 (Fig. 1F). The lowest value (0.0719 [(μmol CO2 m−2 s−1) (μmol CO2 m−2 s−1)−1]
occurred in plants exposed to SL of 4.3 dS m−1 and without application of AA.

Similarly, to the gas exchange parameters, the interaction of factors (SL×AA) was observed for the levels
of photosynthetic pigments in guava seedlings cv. Paluma at 110 DAS. The chlorophyll a content exhibited
a negative relationship with increasing salinity (Fig. 2A), with the highest value observed in plants irrigated
with an SL of 0.30 dS m−1 and treated with 600 mg L−1 AA (14.21 μg mL−1). In contrast, the lowest value
occurred under SL of 2.8 dS m−1 and treated with 37.5 mg L−1 of AA (12.83 μg mL−1).

For the chlorophyll b content (Fig. 2B), the highest value recorded was 10.77 μg mL−1 at the SL of
0.3 dS m−1 and at the level of 600 mg L−1 of AA, differing from the lowest value of 7.57 μg mL−1, observed at
the SL of 3.3 dS m−1 and treated with the highest level of AA.
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Figure 1: Stomatal conductance—gs (A), transpiration—E (B), internal CO2 concentration—Ci (C), net CO2 assimila-
tion rate—A (D), instantaneous water use efficiency—WUEi (E) and instantaneous carboxylation efficiency—CEi (F)
of guava seedlings cultivated under saline levels (SL) and levels of ascorbic acid (AA). X and Y—Saline levels—SL and
ascorbic acid levels—AA, respectively ** and *, significant (p ≤ 0.01 and p ≤ 0.05); ns—Not significant (p > 0.05) by the
F test, respectively

Foliar application of AA contributed to an increase in total chlorophyll content (Fig. 2C), with the
highest value (24.99 μg mL−1) observed at a level of 600 mg L−1 and at the SL of 0.3 dS m−1. In contrast, the
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lowest value (20.42 μg mL−1) was recorded in plants irrigated with an SL of 3.05 dS m−1 and treated with
225 mg L−1 AA.

Figure 2: Chlorophyll a (A), chlorophyll b (B), chlorophyll total (C) and carotenoids (D) of guava seedlings as a
function of the interaction between salinity levels (SL) and levels of ascorbic acid (AA). X and Y—Saline levels—SL and
ascorbic acid levels—AA, respectively ** and *, significant (p ≤ 0.01 and p ≤ 0.05); ns—Not significant (p > 0.05) by the
F test, respectively

The lowest carotenoid content (3.84 μg mL−1) occurred in plants subjected to SL of 0.3 dS m−1 and
300 mg L−1 AA (Fig. 2D). On the other hand, the highest value (4.65 μg mL−1) was obtained in plants irrigated
with a SL of 2.3 dS m−1 and without AA application.

The interaction between saline levels and levels ascorbic acid (SL × AA) caused a significant effect
(p ≤ 0.01) on the variables plant height (PH), number of leaves (NL), leaf area (LA) and plant height/stem
diameter ratio (PH/SD). For stem diameter (SD), an individual effect of SL levels was observed at 110 DAS.

For plant height (Fig. 3A), the highest value (56.48 cm) occurred at the lowest SL (0.3 dS m−1) and
without AA application. The increase in salinity inhibits height growth, with the lowest value (43.78 cm)
observed at the SL of 4.3 dS m−1 and under an AA level of 337.5 mg L−1.

Foliar spraying of 375 mg L−1 of AA stimulated leaf production under SL of 0.3 dS m−1, with the highest
value of 23.58 leaves (Fig. 3B). On the other hand, as water salinity increased, leaf production was reduced,
with the lowest value (14.02 leaves) in plants cultived with SL of 4.3 dS m−1 and without of AA.
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Figure 3: Plant height (A), number of leaves (B), leaf area (C) and plant height/stem diameter ratio (D) of guava
seedlings as a function of the interaction between saline levels (SL) and levels of ascorbic acid (AA). X and Y—Saline
levels—SL and ascorbic acid levels—AA, respectively ** and *, significant (p ≤ 0.01 and p ≤ 0.05); ns—Not significant
(p > 0.05) by the F test, respectively

AA contributed to mitigating salt stress effects on leaf area (Fig. 3C), with the greatest increase
(24.81 cm2) in plants under SL of 2.05 dS m−1 and exposed to AA level of 37.5 mg L−1. The smallest leaf area
(19.98 cm2) was obtained when water salinity increased to 4.3 dS m−1 and AA level increased to the maximum
level of 600 mg L−1.

Plant height/stem diameter ratio (Fig. 3D) was higher (13.27) in plants exposed to salinity of 2.05 dS m−1

and foliar application of 600 mg L−1 of AA. In turn, the lowest value (10.68) was observed at the highest SL
(4.3 dS m−1) and under AA level of 262.5 mg L−1. For the individual effect of saline levels on stem diameter
(Fig. 4), the values were described by the linear regression model, with a decrease of 3.25% per unit increase
of SL.

The interaction between saline levels and ascorbic acid levels (SL × AA) showed a significant effect
(p ≤ 0.01), on the absolute and relative growth rates in plant height (AGRPH and RGRPH) and stem diameter
(AGRSD and RGRSD) of guava seedlings cv. Paluma between 20 and 130 DAS.

For AGRPH (Fig. 5A), the largest increase (0.6102 cm day−1) occurred at SL of 0.3 dS m−1 and at the
level of 375 mg L−1 of AA. While the smallest AGRPH (0.4245 cm day−1) was observed at SL of 4.3 dS m−1

and without AA.
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Figure 4: Stem diameter of guava seedlings cv. Paluma as a function of saline levels—SL. ** and *, significant (p ≤ 0.01
and p ≤ 0.05); ns—Not significant (p > 0.05) by the F test, respectively

Figure 5: Absolute and relative growth rates in plant height—AGRPH and RGRPH (A and B) and stem diameter—
AGRSD and RGRSD (C and D) of guava seedlings cultivated under different saline levels (SL) and levels of ascorbic acid
(AA). X and Y—Saline levels—SL and ascorbic acid levels—AA, respectively ** and *, significant (p ≤ 0.01 and p ≤ 0.05);
ns—Not significant (p > 0.05) by the F test, respectively
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The RGRPH (Fig. 5B) was 1.56 cm cm−1 day−1 higher in plants at SL of 0.3 dS m−1 and without AA
(0.0 mg L−1). While the lowest (1.2907 cm cm−1 day−1) occurred at SL of 4.3 dS m−1 and at the level of
377.75 mg L−1 of AA, which resulted in a reduction of 17.3%.

The 375 mg L−1 AA level alleviated salinity-induced damage to AGRSD up to an estimated SL of
0.8 dS m−1, with a value of 0.0392 mm day−1 (Fig. 5C). Increasing salinity inhibited AGRSD, with the lowest
value (0.0256 mm day−1) observed at a SL of 4.3 dS m−1 and without AA.

For RGRSD (Fig. 5D), the highest value (1.6946 mm mm−1 day−1) occurred at the SL of 1.3 dS m−1 and
exposed to the level of 600 mg L−1 of AA. The increase in salinity resulted in a decrease in RGRSD, with the
lowest value recorded being 1.1553 mm mm−1 day, reached at the SL of 4.3 dS m−1 and with the AA level at
225 mg L−1.

In the principal component analysis (Fig. 6), it is possible to verify that the correlation between the
variables of gas exchange, photosynthetic pigments, growth and the treatments adopted indicates a total
variability of 61% in the first two components, with PC1 accounting for 40.1% and PC2 for 20.9% of the
variation in the data obtained.

Figure 6: Principal component analysis (PCA) of the correlation between gas exchange and growth variables of guava
seedlings as a function of the interaction between the saline levels and levels of ascorbic acid

For PC1, a influence of groups 1, 2, 3, and 4 can be observed, particularly from group 2, which consists of
S1A2, S2A2, and S3A2 (scores of 2.95, 3.37, and 3.00, respectively). These treatments showed a strong positive
correlation with gas exchange and growth variables. In contrast, group 4, composed of treatments S5A1 and
S5A2 (with respective scores of −3.61 and −5.63), exhibited an opposite behavior. Weakly, group 1 (S1A1,
S1A3, S1A4, S2A4, S3A3, and S5A4) showed a positive correlation, while group 3 (S2A1, S3A1, S4A1, S4A2,
S4A3, S4A4, and S5A3) exhibited a negative correlation with PC1 data.
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Regarding PC2, a strong negative influence was observed from group 4, which includes treatments S2A3
and S3A4 (with scores of −2.03 and 3.56, respectively), on photosynthetic pigment levels. Conversely, these
pigment levels were favored in treatments from group 1 (with scores of 1.64, 1.84, 1.08, 3.42, 1.30, 1.31, and
0.90, respectively).

4 Discussion
Salinity impaired gas exchange in guava cv. Paluma, causing a decrease of more than 40% in gs and

E, when plants were under SL of 4.3 dS m−1. This behavior is associated with osmotic and ionic damage
caused by saline stress, which induces the closure of stomata, as a plant device to prevent water loss through
transpiration [6]; as a consequence, there is a tendency for a reduction in net photosynthesis, as observed in
this study.

It should be noted that in the study, application of up to 450 mg L−1 of AA increased the values of gs and
E up to the estimated SL levels of 1.80 and 1.55 dS m−1, respectively, indicating the attenuating effect of AA
on the deleterious effects arising from saline stress in guava seedlings. This is an indication that AA can act
indirectly in the stomatal regulation of plants under stress conditions, as it activates the enzymatic activity
of ascorbate peroxidase [14], which minimizes the accumulation of hydrogen peroxide, a molecule signaled
by abscisic acid under stress conditions to induce guard cell closure [11]. Thus, foliar application of AA was
able to keep the stomata open, even under conditions of water deficit imposed by the high salinity of the
water, promoting the maintenance of transpiratory activity and the absorption and entry of carbon into the
substomatal chambers [23].

The behavior observed in gs and E influenced the net CO2 assimilation rate, and the level of AA of
450 mg L−1 alleviates damage caused by salt stress up to SL of 1.55 dS m−1. This result indicates that, in
addition to being associated with stomatal regulation of guava seedlings, AA promotes improvement in
photosynthesis, due to its ability to act in the modulation and accumulation of compatible solutes, which act
by eliminating ROS produced and accumulated as a result of salt stress, reducing the occurrence of oxidative
stress and promoting improvements in ionic homeostasis and photoprotection of the plant [24].

The beneficial effect of AA in mitigating the effect of stress has been highlighted in other studies, such as
Caetano et al. [25], who observed that foliar application of 0.8 mM in sour passion fruit attenuated the effect
of salt stress on gas exchange up to SL of 3.8 dS m−1. El-Moukhtari et al. [24] found that foliar application of
1.0 mM AA alleviated the damage caused by salt stress on alfalfa plants. In passion fruit, de Fátima et al. [26]
found up to 1.0 mM of AA was efficient to minimize the effects of water deficit, promoting improvements
in gas exchange, especially in gs, transpiration and net assimilation rate. Parveen et al. [10] described similar
improvements in wheat using 5.0 mM AA applied via priming, foliar application, and rooting, with all
application methods resulting in increased levels of soluble sugars, proline, and glycine betaine, metabolites
associated with the plant’s secondary defense mechanisms.

The stomatal limitation induced by salt stress affected WUEi, since it is a relationship between carbon
assimilation and water loss, which indicates that plants maximized CO2 assimilation to the detriment of water
use efficiency, controlling the opening and closing of stomata in order to prevent stress from causing damage
to photosystems [27]. However, the application of AA resulted in an increase in WUEi up to 2.3 dS m−1,
which indicates that AA was able to increase water absorption and use efficiency, hence influencing the net
photosynthesis and transpiration of guava plants, due to the increase in leaf water potential, possibly resulting
from its antioxidant activity and improvements in membrane stability [28].

The effect of water salinity was more pronounced on the Ci and CEi of guava plants, which showed
reductions from SL of 0.3 dS m−1. Possibly, this behavior may be directly correlated with the activity of the
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enzyme ribulose−1, 5-bisphosphate carboxylase oxygenase (RuBisCO), which may have consumed the CO2
absorbed during the Calvin cycle, necessary for the beginning of the photorespiration process, resulting in
the reduction of Ci, as found by Nobre et al. [29] in guava at 125 days after sowing.

It is worth noting that the decrease in chlorophyll content due to salinity is a frequently observed
behavior, especially in the seedling production phase [30]. This reduction may be associated with the
regulation of energy supply to the electron transport chain under stress, which, otherwise, could accelerate
the production of ROS [28]. Furthermore, such losses have been associated with the activity of the enzyme
chlorophyllase, which is involved in the degradation of chlorophyll a and, consequently, indirectly affects
the synthesis of the chlorophyll b, as this pigment is synthesized from chlorophyll a through the activity
of chlorophyll a oxygenase (CAO), which catalyzes the conversion of the methyl group of chlorophyll a
into the formyl group [31]. Concurrently, the increase in carotenoid content supports the regulation of the
photochemical phase of photosynthesis, as these pigments are associated with energy dissipation in the
photosystems, preventing the excessive accumulation of energy and the production of ROS [32].

In the context of ascorbic acid (AA) application, it was observed that AA did not result in significant
increases in chlorophyll content and, in some cases, even reduced carotenoid levels. This behavior reinforces
the hypothesis that AA optimizes the photosystems, ensuring sufficient energy for the production of ATP
and NADPH required for the Calvin cycle [11,33]. This effect may be attributed to the role of AA in
activating alternative pathways to water photolysis, acting as an alternative electron donor and preventing
ROS production [11,14]. Additionally, AA contributes to the synthesis of zeaxanthin, a pigment widely
associated with protection against photoinhibition and photodestruction [12].

Saline stress also compromised the growth of guava seedlings, especially when cultivated with SL
of 4.3 dS m−1. This effect caused by the higher salinity is linked to the reduction in water and nutrient
absorption, caused by the reduction in the osmotic potential of the soil and ionic toxicity, which limit plant
growth and development [33]. Likewise, it was found that water salinity provided decreases in growth rates
in plant height and stem diameter, indicating the negative effects caused by salt stress, which compromises
several morphophysiological processes, including cell division and expansion [34,35].

As demonstrated in the principal component analysis, enhancements in the photosynthetic process
resulting from foliar application of AA were reflected in the growth parameters of guava seedlings. This
reinforces the regulation of water flow and the control of salt uptake and accumulation by the plant, which
can be attributed to the photochemical and metabolic protection promoted by AA [11]. These results support
the use of concentrations ranging from 400 to 600 mg L−1 as effective for alleviating salt stress, providing a
basis for future studies, as these levels have frequently been reported as optimal for most crops [13,14].

The behavior induced by saline stress during the seedling phase can result in significant losses in plant
development under field conditions, this phenomenon is often associated with the acclimation process
to the environment, which requires rapid solute reallocation and modulation of hormonal activity and
genetics [36]. Furthermore, the beneficial effects of ascorbic acid (AA) have shown potential to promote
prolonged responses in plants, as evidenced by recent studies [14]. AA plays a role in hormonal balance,
exhibiting synergy with growth regulators such as auxins and cytokinins, while antagonizing the effects of
abscisic acid (ABA) [11,12]. However, further studies focusing on the development of guava plants during
the post-saline stress period are needed to clarify these interactions and evaluate the efficacy of exogenous
AA application at later stages. This approach may represent an economical and sustainable alternative for
mitigating abiotic stresses in various species [13,27,29], and it can be combined with other elicitors to establish
even more favorable responses [37,38].
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5 Conclusions
Salinity impaired gas exchange and growth of guava cv. Paluma during the seedling formation phase,

110 days after sowing.
Foliar spraying with 400 mg L−1 ascorbic acid (AA) alleviated salinity-induced damage on gas exchange

(gs, E and A) up to the estimated SL of 1.80 dS m−1, while AA concentration of 412 mg L−1 increased
instantaneous water use efficiency up to the salinity of 2.3 dS m−1.

AA level of 600 mg L−1 reduces the detrimental effect of salinity stress up to 2.05 dS m−1 on leaf area
growth and plant height/stem diameter ratio of guava plants. Leaf number and absolute and relative growth
rates are stimulated by AA under low salinity conditions.
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