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Abstract

Cultivation of tropical foliage plants, such as lacy tree philodendron (Thaumatophyllum bipinnatifidum), in semi-arid regions may be limited by high
solar irradiance, which promotes the occurrence of abiotic stresses capable of compromising postharvest quality. In this context, the application of
mitigating substances, such as salicylic acid, may contribute to maintaining foliage quality, although studies on its effects under these conditions
remain scarce. This study aimed to evaluate the postharvest longevity and quality of 7. bipinnatifidum leaves grown under full-sun conditions in a
semi-arid region and treated with different doses of salicylic acid. The experimental design was completely randomized, with three replications and
four leaves per experimental unit. Leaves 40 cm wide were collected from random plants within the treatment. Treatments consisted of cultivation
under full sun (control), applications of salicylic acid at doses of 80, 160, 240, and 320 mg L*!, and cultivation under shade conditions. Vase life, final
water absorption, solution electrical conductivity, fresh mass, transpiration, total chlorophyll content, and colorimetric parameters (L*, C*, and Hue
angle) were evaluated. Lacy tree philodendron leaves exhibited extended longevity and maintained their visual quality throughout the evaluation
period. Furthermore, the application of different salicylic acid doses did not significantly affect the evaluated postharvest parameters. Therefore, it
can be concluded that Thaumatophyllum bipinnatifidum cultivated under semi-arid conditions has high potential for commercialization as cut foliage,
regardless of salicylic acid application.

Keywords: Araceae, photoprotection mechanisms, lacy tree philodendron, foliage longevity, ornamental plants.

Resumo

O cultivo de folhagens tropicais, como o guaimbé (Thaumatophyllum bipinnatifidum), em regides semiaridas pode ser limitado pela elevada irradiancia
solar, que favorece a ocorréncia de estresses abidticos capazes de comprometer a qualidade pds-colheita. Nesse contexto, a aplicagdo de substancias
mitigadoras, como o &cido salicilico, pode contribuir para a manuteng@o da qualidade das folhagens, embora ainda sejam escassos os estudos sobre seus
efeitos nessas condigdes. Objetivou-se avaliar a longevidade e qualidade pos-colheita de folhas de 7. bipinnatifidum cultivadas a pleno sol em regido
semiarida sob aplicag@o de diferentes doses de acido salicilico. O delineamento experimental foi inteiramente casualizado, com trés repeti¢des e quatro
folhas por unidade experimental. Folhas com 40 cm de largura foram coletadas de plantas escolhidas ao acaso dentro do tratamento. Os tratamentos
consistiram em cultivo a pleno sol (controle), aplicagdes de 4cido salicilico nas doses de 80, 160, 240 e 320 mg L' e cultivo sob sombra. Avaliou-
se o tempo de vida de vaso, absor¢do final de agua, condutividade elétrica da agua, massa fresca, transpiragdo, teor de clorofila total e parametros
de colorimetria (L*, C* e °Hue). As folhas de guaimbé apresentaram elevada longevidade e mantiveram a qualidade visual ao longo do periodo de
avaliagdo. Além disso, a aplicac@o de diferentes doses de acido salicilico ndo promoveu alteragdes significativas nos parametros pos-colheita avaliados.
Assim, conclui-se que 7. bipinnatifidum cultivado em condi¢des semiaridas apresenta elevado potencial para comercializagdo como folhagem de corte,
independentemente da aplicagdo de &cido salicilico.

Palavras-chave: Araceae, mecanismos de fotoprotegdo, guaimbé, longevidade da folhagem, plantas ornamentais.

Introduction

The flower and ornamental plant market represents a significant
segment of the global agribusiness sector, with emphasis on the production
of tropical foliage widely used in floral arrangements and landscaping
(Medeiros and Favero, 2024). In this context, lacy tree philodendron
(Thaumatophyllum bipinnatifidum (Schott ex Endl.) Sakur., Calazans &
Mayo) it stands out for the high ornamental value of its large, decorative
leaves. This arborescent, heliophytic species, endemic to South America,
has a hemiepiphytic habit and is commonly found in humid tropical
forests, it also thrives in diverse locations, such as rocky habitats and
coastal regions (Sakuragui et al., 2018).

Despite its rusticity, the cultivation of this species under conditions of
high solar radiation, such as those found in semi-arid regions, may induce
abiotic stress that affects the physiological performance of the plants and
the postharvest quality of the foliage (Fiorucci and Fankhauser, 2017).
High light conditions combined with other stressors can antagonistically
influence the functioning of photosystem II (PSII), inhibiting their

photosynthetic functions, in addition to promoting oxidative damage
resulting from the overproduction of reactive oxygen species (ROS),
such as hydrogen peroxide and singlet oxygen (Shi et al., 2022). These
conditions lead to the destruction of structures such as cell membranes
and chloroplasts, as well as a reduction in stomatal conductance and the
activity of enzymes involved in photosynthesis (Balfagon et al., 2024).
These effects can manifest as accelerated senescence and a reduction in
the commercial shelf life of the plant material.

Cut foliage holds importance in the international arena representing
an estimated value of approximately US$ 1.4 million for the ornamental
sector (Faust and Dole, 2021). However, maintaining its quality after
harvest remains one of the major challenges of the production chain, since
cut leaves can exhibit increased transpiration, accelerating wilting when
water absorption does not meet demand, in addition to occurring cellular
degradation and electrolyte leakage, reducing tissue turgor and promoting
water imbalance (Trivellini et al., 2025; Li et al., 2025a). Considering that
postharvest quality depends on maintaining longevity, preserving weight,
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and the visual characteristics of the foliage, considerable efforts have been
devoted to developing alternatives that minimize economic losses and
preserve these favorable post-harvest conditions.

The application of stress-mitigating substances, such as salicylic
acid, has been reported as an effective strategy to enhance plant tolerance
to adverse conditions by regulating physiological responses, activating
antioxidant mechanisms, and maintaining cellular integrity (Sangwan
et al., 2022; Nguyen et al., 2024; Teixeira et al., 2024). The effect of
salicylic acid (SA) stems from its role as a signaling molecule, inducing
the expression of genes related to defense mechanisms and the regulation
of plant senescence. Its antioxidant action promotes the scavenging of
reactive oxygen species (ROS), contributing to cell membrane stability
and delaying cell death (Abd et al., 2026). Furthermore, SA delays
leaf senescence by inhibiting ethylene biosynthesis through the control
of the enzymes l-aminocyclopropane-1-carboxylate (ACC) synthase
and ACC oxidase (Kumar et al., 2021). When applied exogenously,
salicylic acid promotes thermotolerance, contributes to the maintenance
of Ca?* homeostasis, reduces electrolyte leakage, and prolongs the vase
life of ornamental species (Banaee et al., 2013; Sangwan et al., 2022),
as demonstrated for statice (Limonium sinuatum), carnation (Dianthus
caryophyllus), lisianthus (Eustoma grandiflorum), and yarrow (Achillea
gypsicola) (Khandan-Mirkohi et al., 2021; Dehestani-Ardakani et al.,
2022; Kwon et al., 2024; Akif-A¢ikgdz, 2025). These effects can contribute
to the preservation of postharvest quality by influencing processes such
as transpiration, respiration, and pigment degradation (Wang et al., 2021;
Gondor et al., 2022).

Despite this potential, studies evaluating the postharvest behavior
of lacy tree philodendron cultivated under high irradiance, as well as the
species’ response to the exogenous salicylic acid application, remain scarce.

Therefore, the present study aimed to evaluate the longevity and
postharvest quality of Thaumatophyllum bipinnatifidum leaves cultivated
under full-sun conditions in a semi-arid region and subjected to different
doses of salicylic acid.

Material and Methods

For the postharvest experiment, leaves were selected from
treatments of a field experiment conducted at the Federal University of
the Sao Francisco Valley (UNIVASF), in Petrolina, Pernambuco, Brazil
(09°19'16.6" S, 40°32'44.6" W; 387 m altitude). The average temperature
during the field phase was 27.6 °C, with maximums of 38.8°C in full
sun and 36.9 °C under 50% shading. Relative humidity ranged from
36%-81% in full sun and 35%-82% under shading. Maximum global
solar radiation reached 30 MJ m? day', with an average of 26.9 MJ m?
day!. The field experiment was conducted for one year in a randomized
complete block design, including soil preparation, installation of a
microsprinkler irrigation system, and basal and topdressing fertilization.
Foliar sprays containing salicylic acid solution (water, salicylic acid,
80% ethyl alcohol, and Tween surfactant) with the final application
taking place one week before harvest.

Leaves were harvested from Thaumatophyllum bipinnatifidum plants
one year after field transplanting, with an average of ten leaves per plant,
cultivated under full sun, with or without different doses of salicylic
acid, as well as under shaded conditions. The leaves had a minimum
width of 40 c¢m, according to the commercial standards established by
Cooperflora from Brazil. Harvesting was carried out in the morning by
cutting the petiole at its base. Immediately after harvest, the leaves were
dry packed in cardboard boxes and transported for approximately 2,200
km in a refrigerated truck at 10 °C to the Laboratory of Ornamental
Plants and Landscaping at the Luiz de Queiroz College of Agriculture
(ESALQ/USP), in Piracicaba, Sdo Paulo, Brazil. At the laboratory, the
leaves were weighed, standardized to a petiole length of 35 cm, and kept
in containers filled with tap water.

The leaves were maintained under environmental conditions of 21 +
2 °C, relative humidity between 60% and 80%, and continuous artificial
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illumination from LED lamps (+ 225 lux). Throughout the experimental
period, neither the water was replaced nor the petioles recut.

The experiment was arranged in a completely randomized design
consisting of six treatments, three experimental units (replicates) per
treatment, and four leaves per experimental unit (subsamples). The
treatments consisted in full-sun cultivation (control), foliar application
of salicylic acid at concentrations of 80, 160, 240, and 320 mg L',
and shaded cultivation (reference treatment). For the variables fresh
mass, transpiration, total chlorophyll content, and colorimetric
parameters, a factorial arrangement was adopted, considering the
factors management condition and evaluation time (0, 7, 14, and 21
days after harvest).

The postharvest evaluations included vase life, final water absorption,
transpiration, electrical conductivity of the water, fresh mass, total
chlorophyll content, and colorimetric parameters (L*, C*, and °Hue).

Vase life was determined when 50% of the leaves in each replicate
showed a loss of commercial quality, characterized by the occurrence of
spotting, necrosis, darkening, wilting, or leaf yellowing.

Final water uptake was determined by the difference between the
solution volume present at the beginning and at the end of the experiment
(Khenizy et al., 2014). Transpiration was estimated from changes in the
mass of the entire system (leaf + container + solution), with the containers
sealed using plastic film to minimize evaporative water loss (Degif and
Woltering, 2015).

Electrical conductivity and pH of the water were measured on the
first and last days of the experiment using a benchtop conductivity meter
and a digital pH meter. Leaf fresh mass was determined throughout the
postharvest period using a semi-analytical balance, and the results were
expressed in grams.

Total relative chlorophyll content was assessed using a portable
atLEAF® CHL Plus chlorophyll meter, with readings taken at the base,
middle section, and apex of the leaves. The values obtained were converted
to mg cm? based on the atLEAF CHL conversion and the relationship
between relative chlorophyll content and SPAD units, following the linear
model proposed by Zhu et al. (2012).

Colorimetric evaluations consisted of determining the L*, C¥*,
and Hue angle ("Hue) parameters using a Konica Minolta colorimeter,
model CR-400. The mean value for each leaf was obtained from three
readings taken at predetermined regions (base, middle, and apex), and
the results were expressed as dimensionless values corresponding to each
colorimetric parameter.

The data were subjected to analysis of variance (ANOVA; p <
0.05), and the normality of residuals was assessed using the Shapiro—
Wilk test. When significant differences were observed, the Scott—Knott
test (5%) was applied for the production management factor, and
regression analysis was used for the post-harvest duration factor. To
further investigate the relationships among the response variables: vase
life, final water absorption, electrical conductivity of the water, fresh
mass, transpiration, total chlorophyll, and colorimetric parameters (L*,
C*, and °Hue), Pearson correlation analyses were performed. Pearson’s
correlation coefficients were calculated among the response variables
using RStudio 2026. Statistical analyses were performed using Sisvar®
5.8 software, and graphs were generated in SigmaPlot® 14.5.

Results

Visual assessment of the treatments throughout the evaluation
period presented slight yellowing by the end of the evaluation
period. The gradual progression of leaf senescence observed across
all treatments indicates that Thaumatophyllum bipinnatifidum
maintained its ornamental quality for an extended period after harvest,
demonstrating its potential for use as cut foliage (Fig. 1). This behavior
suggests that the species possesses intrinsic characteristics favorable
for postharvest conservation, such as the maintenance of tissue integrity
and visual quality.
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Fig. 1. Visual appearance of T. bipinnatifidum leaves subjected to control, salicylic acid application (SA 80, SA 160, SA 240, and SA 320 mg L), and
reference (shade) treatments, stored for 21 days.

There was no statistically significant difference, at the 5% probability
level, among the production management treatments for the parameters
vase life and FWA. Regarding the electrical conductivity of the water
(ECw), it was observed that the treatments Control, SA 240, SA 320,
and Reference presented higher values than those observed in the
managements SA 80 and SA 160 (Table 1).

The treatments conducted under full sun conditions (Control, SA
80, SA 160, SA 240, and SA 320) presented higher fresh mass means
when compared to the Reference treatment, with Control, SA 80, and
SA 240 standing out (Fig. 2A). Regarding the behavior of fresh mass
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throughout the postharvest evaluation period, a quadratic adjustment
was observed, with an increase in values until approximately the third
day, followed by a slight reduction throughout the evaluated period
(Fig. 2B). The initial increase can be attributed to the rehydration of
leaf tissues following harvest and transport, whereas the subsequent
reduction reflects the gradual progression of senescence and water loss
during the storage period.

The transpiration of 7. bipinnatifidum leaves presented a quadratic
adjustment, with a progressive initial increase until approximately the
fifteenth day, followed by a subsequent reduction in this parameter (Fig. 3).

Ornam. Hortic., v.32, e323139, 2026
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Table 1. Postharvest parameters of Thaumatophyllum bipinnatifidum leaves produced in the field in response to control, salicylic acid application (SA
80, SA 160, SA 240, and SA 320 mg L"), and reference (shade) treatments.

e " Vase life FWA ECw
eatments
(days) (€ H,0) (uS em”)
Control 233 a 365.9 a 388.5a
SA 80 mg L 24.0a 3752 a 361.6 b
SA 160 mg L*! 19.0a 3498 a 365.4b
SA 240 mg L*! 26.0 a 369.8 a 385.7a
SA 320 mg L*! 213 a 4275a 390.5a
Reference 24.0 a 3145a 389.2a
Test F 0.746 ns 0.449 ns 0.028*
CV (%) 26.81 17.22 3.06

*Means per column with different letters are significant by the Scott-Knott test (p < 0.05); ns = not significant; FWA = Final water absorption and ECw = Electrical conductivity of the water.

Fig. 2. Means among treatments (A) and Trend curve (B) of the fresh mass of T bipinnatifidum leaves. (A) Means followed by different letters
indicate significant differences between treatments by Tukey test (p < 0.05). Bars indicate standard error (n = 3). (B) The fitted regression model was
significant (p < 0.05). Control = under full sun; SA 80 = salicylic acid at doses of 80 mg L-1; SA 160 = salicylic acid (160 mg L-1); SA 240 = salicylic
acid (240 mg L-1); SA 320 = salicylic acid (240 mg L-1); Reference = under shade conditions.

Fig. 3. Regression curve of the transpiration of 7. bipinnatifidum leaves as a function of the postharvest evaluation period.
The fitted regression model was significant (p < 0.05).

The treatments conducted under full-sun conditions (Control, SA When analyzing the behavior of the L* and C* parameters throughout
80, SA 160, SA 240, and SA 320) showed higher mean total chlorophyll ~ the postharvest evolution period, statistical significance was observed
values compared with the Reference treatment (Fig. 4). (Figs. 5A and 5B).

Ornam. Hortic., v.32, e323138, 2026 4/8
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Fig. 4. Means total chlorophyll content of T bipinnatifidum leaves subjected to different production managements.
Means followed by different letters indicate significant differences between treatments by Tukey test (p < 0.05). Bars indicate standard error (n = 3).
Control = under full sun; SA 80 = salicylic acid at doses of 80 mg L-1; SA 160 = salicylic acid (160 mg L-1); SA 240 = salicylic acid (240 mg L-1);
SA 320 = salicylic acid (240 mg L-1); Reference = under shade conditions.

Fig. 5. Regression curve of the lightness (L*) parameter (A) and chromaticity parameter (C*) (B) of 7. bipinnatifidum leaves as a function of posthar-
vest evolution time.
The fitted regression model was significant (p < 0.05).

An increase in L* and C* values was noted in Thaumatophyllum
bipinnatifidum leaves throughout the post-harvest period, as evidenced
by the linear regressions shown in the Figure 5. No significant effects of
treatments or storage period were observed for the hue angle (h°), which
represents color of leaves. Values ranged from 123,37° to 130,56°,
indicating that the green coloration was maintained throughout the
storage period.

Vase life did not show strong correlations with any of the evaluated
postharvest variables (all |r] < 0.60). Similar behavior was observed for
electrical conductivity of the water, which also did not exhibit significant
correlations with the other parameters (Fig. 6). In contrast, final water
absorption showed a positive correlation with fresh mass (r = 0.64-0.67)
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and transpiration (r = 0.47-0.79), with this association being more evident
after 21 days of storage. Fresh mass, in turn, was positively correlated
with total chlorophyll content (r = 0.60-0.74). Total chlorophyll content
showed a positive correlation with hue angle (“Hue) (r = 0.65-0.73) and
a negative correlation with lightness (L) (r = -0.75 to -0.83) and chroma
(C) (r=-0.76 to -0.83).

Furthermore, L* and C* showed a very strong positive correlation
with each other, while both were negatively correlated with hue angle
(°Hue). These results demonstrate that variables related to leaf water status
represented primarily by water absorption, fresh mass, and transpiration
are associated with one another, as are parameters related to visual quality,
represented by chlorophyll content and colorimetric parameters (Fig. 6).

Ornam. Hortic., v.32, e323139, 2026
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Fig. 6. Pearson correlation matrix among postharvest quality variables of 7. bipinnatifidum leaves, evaluated at 0 (A), 7 (B), 14 (C), and 21 (D) days
of storage. Circle color and size indicate the direction and strength of the correlations, while the numbers represent Pearson’s correlation coefficients
(r). Significant correlations are indicated by asterisks (p < 0.05; p < 0.01).

Discussion

Thaumatophyllum bipinnatifidum has proven to be a crop with a long
vase life when produced in semi-arid regions. With an average vase life
of 23 days, the species exhibited greater post-harvest longevity compared
to other cut foliage crops, such as Anthurium andraeanum (10 days) and
Danae racemosa (21 days) (Bulgari et al., 2015; Rida and Taha, 2025).
This longevity even exceeded the 15-day period reported for the control
treatment of the same species by Rida and El-Gedawey (2022).

Post-harvest longevity is directly associated with the maintenance of
water status and reduced cellular degradation. Water balance is influenced
by leaf water loss which occurs due to reduced water absorption and
increased transpiration variables that are strongly correlated with each
other and with fresh mass (Figure 6) (Franzoni et al., 2024; Trivellini et
al., 2025). It was expected that the application of salicylic acid would
reduce the transpiration rate, given that its exogenous application
promotes stomatal closure, thereby contributing to reduced water and
fresh mass loss, as well as the maintenance of leaf water balance (Pereira
et al., 2018; Li et al., 2025b). However, in the present study, this effect
was not significant; transpiration and fresh mass showed similar behavior
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across treatments throughout the post-harvest period, and water uptake
remained constant.

Regarding the species’ structural characteristics, it was observed
that management under full sun, regardless of the presence or absence
of salicylic acid, promoted greater biomass accumulation, as evidenced
by higher fresh mass values compared to T. bipinnatifidum plants
grown under shade (Fig. 2A). These results are primarily linked to
production conditions, since higher solar radiation incidence can boost
photosynthetic activity due to the greater energy availability in a full-
sun environment and potentially enhance carbon fixation efficiency,
although physiological assessments are required to confirm this benefit
(Ghassemi-Golezani and Abdoli, 2024).

Exogenous application of salicylic acid may have mitigated cellular
degradation, a hypothesis supported by the lower electrical conductivity
values observed in treatments with 80 and 160 mg L' of SA (Table 1).
Electrical conductivity is an indicator of cell membrane integrity and is
directly related to electrolyte leakage. Lower values for this parameter
suggest that salicylic acid contributed to preserving membrane stability,
possibly by inducing defense mechanisms that reduce lipid peroxidation
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and, consequently, electrolyte leakage (Pereira et al., 2018). Although
these results indicate that salicylic acid contributed to preserving cellular
integrity and the photosynthetic apparatus, this effect did not translate into
greater foliage longevity, as these parameters showed no correlation with
vase life (Fig. 6) (Sangwan et al., 2022).

The visual appearance of cut leaves is an important parameter for
assessing quality during the post-harvest period. Good visual quality
was observed in 7. bipinnatifidum leaves (Fig. 1), they remained
green and showed only slight yellowing by the end of the period
across all treatments. Although full-sun cultivation resulted in higher
total chlorophyll content compared to shaded cultivation (Fig. 4), no
significant loss of total chlorophyll was detected during the post-harvest
period. Chlorophyll content is a key parameter for assessing damage
caused by stress from high solar irradiance, as high radiation levels
tend to accelerate chlorophyll degradation and leaf yellowing (Chen et
al., 2021). Consistent with the positive correlation with fresh mass, the
differences in total chlorophyll content observed in the T. bipinnatifidum
foliage appear to be primarily associated with the cultivation conditions
rather than the post-harvest period.

Reinforcing this behavior, colorimetric analyses demonstrated that,
for all treatments, the lightness (L*) and chromaticity (C*) parameters
showed a slight linear upward trend throughout the evaluation period,
whereas the °Hue parameter remained constant (Fig. 5). The L*, C*, and
°Hue values indicate that the leaves became gradually lighter and more
saturated, without significant changes in coloration (Esposito et al., 2026).
Salicylic acid treatments were expected to delay leaf senescence compared
to the control and shading treatments, given that this phytohormone
inhibits ethylene biosynthesis, thereby mitigating the hormone’s effects
on the senescence process (Kumar et al., 2021). However, no differences
were observed among the treatments, indicating that the delayed onset
of leaf senescence is an inherent characteristic of the 7. bipinnatifidum
species cultivated in semi-arid regions, allowing it to maintain its visual
quality during the post-harvest period.

Overall, the results demonstrate that 7. bipinnatifidum foliage
produced in semi-arid regions exhibits high resistance to leaf senescence
processes, favoring the maintenance of cellular integrity and water balance
throughout the postharvest period. Although cultivation under full sun
yielded foliage with greater fresh mass and higher total chlorophyll content,
these characteristics neither affected nor correlated with vase life, as there
were no significant differences among the treatments. Thus, the advantages
gained during cultivation did not translate into postharvest performance.

Conclusions

It is concluded that Thaumatophyllum bipinnatifidum foliage produced
under semi-arid conditions exhibits high postharvest potential, evidenced
by a long vase life and the maintenance of visual quality. The different
cultivation practices like full sun with or without salicylic acid application,
as well as shade cultivation did not result in significant differences regarding
the longevity or visual quality of the foliage. Although cultivation in full
sun yielded higher fresh mass and total chlorophyll content compared
to shade cultivation, these differences did not translate into variations in
postharvest performance; rather, they were associated with field growing
conditions. Thus, it is concluded that the application of salicylic acid during
production did not influence the postharvest attributes of 7. bipinnatifidum
grown under semi-arid conditions.
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