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ABSTRACT

Growth regulators are used in commercial production of chrysanthemums without certainty
about their effects on quality characteristics, particularly sensitivity to yellowing and leaf
color loss. Cytokinin (CK) may contribute to the prevention and delay of chlorophyll
degradation. This study aimed to quantify the response to the application of 6-
benzylaminopurine (6-BAP) on delaying foliage yellowing associated with chlorophyll loss
in the chrysanthemum cultivars ‘Shrek’ and ‘Bomber Green.” 6-BAP was applied at
concentrations of 33.3, 66.6, and 100 mg kg™, alongside a control without CK and a
commercial control (TC) containing CK from an algae concentrate. Applications were
made at 35, 43, 51, 59, 67, and 75 days after transplanting (DAT). The relative chlorophyll
content was quantified using a SPAD-502 meter in leaves from the lower, middle, and
upper strata. Additionally, the longevity of the foliage from harvested stems was evaluated
under simulated travel conditions and subsequent exposure in vases. The chlorophyll
content differed significantly (P<0.05) between cultivars and strata, increasing in the
middle and upper strata while decreasing in the lower strata. Vase life was shorter in
‘Shrek,” at 7 d, with a foliage yellowing severity of grade 1, the onset of which occurred
between 5 and 7 days with the use of 66.6 and 100 mg kg™ of 6-BAP. Moreover, ‘Shrek’
plants exhibited yellowing of the foliage during growth; this physiological issue may be
directly related to the plant material and its interaction with the environmental conditions of
the cultivation area.

Keywords: growth regulator; Asteraceae; SPAD; chlorophylls; cut flower; vase life.
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RESUMEN

La produccién comercial de crisantemo emplea reguladores de crecimiento sin la certeza de
su efecto sobre -caracteristicas de calidad, principalmente en la sensibilidad al
amarillamiento y pérdida del color de las hojas. El aumento de CK (citoquinina)
participaria en la prevencion y retraso en el inicio de la degradacion de clorofila. Con el
objetivo de cuantificar la respuesta de la aplicacion de 6-BAP sobre el retraso en el
amarillamiento del follaje asociado con la pérdida de clorofila en crisantemo ‘Shrek’ y
‘Bomber Green’; se empleé 6-BAP a 33,3, 66,6 y 100 mgkg™", un testigo absoluto sin
adiciéon de CK y testigo comercial con CK proveniente de un concentrado de algas. Con
aplicaciones a los 35, 43, 51, 59, 67 y 75 dias después del trasplante (DDT). Se cuantificé el
contenido relativo de clorofilas con SPAD-502, en hojas de los estratos bajo, medio y
superior. Asi como la duracién del follaje de los tallos cosechados en condiciones de viaje
simulado y posterior exposicion en florero. Se encontré que el contenido de las clorofilas
fue diferente (P<0,05) en cada cultivar y estrato e increment6 en las hojas de los estratos
medio y superior mientras que, en el inferior disminuyé. La vida de florero fue menor en
‘Shrek’ con una duracién de 7 dias, severidad en grado 1 e inicio del amarillamiento entre 5
y 7 dias con uso de 66,6 y 100 mg kg' de 6-BAP. Plantas de ‘Shrek’ presentaron
amarillamiento del follaje durante el crecimiento, esta fisiopatia podria estar ligada
directamente con el material vegetal y la interaccion con las condiciones ambientales de la
zona de cultivo.

Palabras clave: regulador de crecimiento; Asteraceae; SPAD; clorofilas; flor de corte; vida

en florero.

INTRODUCTION

The chrysanthemum (Chrysanthemum morifolium Ram) belongs to the Asteraceae
family (Shahrajabian et al., 2019). Its flower size, long post-harvest life (Khaerunnisa et
al., 2021; Xia et al., 2021), and the demand for it as a cut flower, pot, and garden plant
(Hassanein and Alastrame, 2016) make it the third most economically important

ornamental species worldwide (Xia et al., 2021). Colombia has around 10,000 h dedicated
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to the production of more than 520 species and 1,600 varieties of cut flowers and foliage,
with chrysanthemums being the third-largest export flower, mainly to the United States
(ICA, 2024).

Chrysanthemums show diversity in height and growth habit (Vaghasia and Polara,
2015), so their final shape and commercial value are determined by axillary bud sprouting
(Liu et al., 2020). The use of plant growth regulators (PGRs) to modify growth processes,
extend vase life, and delay senescence (Jamil et al.,, 2015) is one of the main agronomic
management factors in the maximization and regulation of horticultural production
according to market needs (Shahrajabian et al., 2019, 2021; Kentelky et al., 2021; Xia et
al., 2021). PGRs, such as daminozide, that inhibit GA biosynthesis and alter growth by
inhibiting cell elongation in the subapical meristem (Novita, 2022), could induce leaf
senescence due to reduced GA3 concentration (Yu et al., 2009). However, the mechanism
of GA biosynthesis-mediated senescence remains unclear (Castro-Camba et al., 2022;
Ritonga et al., 2023).

Some ornamental species are sensitive to foliage yellowing, a condition related to
premature senescence (Geesta et al., 2017). Increasing cytokinin (CK) concentration in
plant tissues prevents the degradation of chloroplasts, nucleic acids, proteins, and other
substances (Wu et al., 2021; Sosnowsk et al., 2023), delaying the loss of photosynthetic
efficiency and contributing to the postponement of senescence (Mandal et al., 2023). This is
likely due to the conversion of chlorophyll a to chlorophyll b, which maintains the stability
of photosynthetic complexes and prolongs the green color in the leaves (Talla et al., 2016).

Foliar application of CK (6-BAP) could delay leaf senescence and ethylene biosynthesis
(Igbal et al., 2017), promoting chloroplast photosynthetic activity (Honig et al., 2018;
Amelia et al., 2020), although the mechanisms behind this are unknown (Wu et al., 2021).
Nevertheless, the anti-senescence effect of CK helps to protect the photosynthetic
machinery in the leaves of beans, broccoli, barley, maize, and wheat (Honig et al., 2018;
Thomas & Ougham, 2014), as well as in chrysanthemum cultivars, where exogenous
application of 6-benzyladenine (BA) effectively prevented foliar chlorosis related to

premature senescence (Lailaty & Hartanto, 2021).
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Currently, there are techniques for diagnosing photosynthetic pigments, which provide
essential information on physiological responses to environmental factors and plant
photosynthesis rates (Kamble et al., 2015). Non-destructive methods to determine
chlorophyll content allow rapid measurement and constitute a tool for improving plant
production and productivity (Mielke et al, 2010). The SPAD-502 chlorophyll meter
generates an index for analyzing pigment amounts in leaves, calculating relative
chlorophyll content (Cahyo et al., 2020; Orjuela-Rodriguez et al., 2024) accurately and
reliably (Pinzén-Sandoval et al., 2022).

The quality of a cut flower depends on external characteristics such as color and length,
and on how perishable it is, which is defined by the longevity of the first two traits (Horibe,
2020). Some ornamental species show a decrease in quality a week after being harvested
(Horibe, 2020), primarily due to leaf senescence, which starts with discoloration and is
followed by leaf wilting. This may occur before the ornamental value of the flower heads is
lost (Sedaghathoor et al., 2020), thus affecting the time that the flower stem remains in a
vase, i.e., vase life (Vehniwal and Abbey, 2019; Nguyen and Lim, 2021). Factors that affect
vase life quality and duration are of great interest and represent one of the most significant
challenges for post-harvest producers (Geesta et al, 2017; Nguyen and Lim, 2021),
especially since each ornamental species has a different post-harvest behavior pattern
(Nguyen and Lim, 2021).

Chrysanthemums belong to the vase life group of 2 to 4 weeks (Sedaghathoor et al.,
2020); however, it has been reported that they can last 20 to 30 d (Teixeira da Silva, 2003).
Nevertheless, the primary cause of foliage yellowing in chrysanthemums has not been
widely explained (Geesta et al., 2017). Therefore, this study aimed to evaluate the response
to exogenous application of 6-BAP in terms of delaying foliage yellowing associated with
chlorophyll loss in the leaf blade of chrysanthemum ‘Shrek’ and ‘Bomber Green’ plants

and cut stems.
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MATERIALS AND METHODS
Location

The experiment was conducted in a cultivation system under plastic covering, located
on a farm owned by Sunshine Bouquet SAS in the municipality of Madrid, Cundinamarca

(Colombia). The climatic conditions for the experimental site are detailed in Table 1.

Table 1. Location and climatic conditions of the cultivation system during the
experiment.

Location Madrid
Departament Cundinamarca
Altitude (msnm) 2,585
Minimum air temperature (°C) 4
Maximum air temperature (°C) 36
Minimum relative air humidity (%) 37
Maximum relative air humidity (%) 98

PAR radiation (umol photons m?s™) 385

Plant material

Chrysanthemum plants of the ‘Shrek’ and ‘Bomber Green’ varieties, measuring 14 cm
in length, were transplanted into soil at a density of 67 plants per m?. The plant material
was selected based on the duration for which foliage maintained optimal conditions before
yellowing began during vase exposure; ‘Shrek’ exhibited shorter duration than ‘Bomber
Green’. Agronomic management of the plants followed technical recommendations used by
producers, with fertilization administered through fertigation with the following nutrient
levels: N: 180 ppm, P: 62 ppm, K: 200 ppm, Ca: 130 ppm, Mg: 60 ppm, S: 43 ppm, Fe: 3.0
ppm, Mn: 3.0 ppm, Cu: 0.7 ppm, Zn: 0.6 ppm, B: 1.0 ppm, and Mo: 0.1 ppm for the entire

cycle.

Experimental design and treatment aapplication

A randomized complete block design with five treatments corresponding to different
concentrations of 6-BAP was used (Tab. 2). Each treatment had four replicates, and each
experimental unit consisted of 100 plants. CK applications were performed as foliar sprays

in the early morning hours, using a motorized sprayer from the Maruyama brand. The
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application of growth regulator treatments began 28 days after transplanting (DAT). CK
applications were made as foliar sprays in the early morning at 38, 53, and 63 DAT. The
timing of treatment applications was based on stem length magnitude change curves
(Figure 1). The flower harvest was done at 75 DAT for 'Shrek' and 80 DAT for 'Bomber

Green'.

Table 2. Treatments, 6-BAP concentration (mg kg'), and DAT for application in
‘Shrek’ and ‘Bomber Green’ chrysanthemum plants. TC = commercial control.

Concentration of Days after transplanting (DAT)
Treatment 1
CK 6-BAP mg Kg 38 53 63
Control 0 0 0 0
1 33.3 33.3 33.3 33.3
2 66.6 66.6 66.6 66.6
3 100 100 100 100
4 Farm TC 0 400 400
A
120 -
Eeme) 100 _ RO
80 -
2 60 -
=]
=
S 40 - .
= e
320 -
0 T T T T T 1
B
120 ~
100 1
\f.-)' ........ * """
E 80 i -'."*,..
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=
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Days after transplanting

Figure 1. (A) Growth curve of chrysanthemum ‘Shrek’ and (B) ‘Bomber Green,” with
points indicating application times.
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Determination of relative chlorophyll content in leaves

The chlorophyll index (relative content of chlorophyll) was determined using a portable
chlorophyll meter (Chlorophyll Meter SPAD-502 Plus, Minolta Camera Co. Ltd., Japan)
with the SPAD (Soil Plant Analysis Development) method (Yuan et al., 2016). Three
plants per treatment and chrysanthemum cultivar were used. Each plant was divided into
three sections: upper, middle, and lower, and measurements were taken on fully expanded
leaves. Measurements were conducted at 35, 43, 51, 59, 67, and 75 DAT, with an 8-d

interval between samples.

Determination of vase life

Five stems from each of the 5 CK treatments with 4 replicates, totaling 100 stems, were
taken. They were then subjected to simulated export travel conditions by being placed in
darkness at 5°C for 8 d following the protocol recommended by producers. After the travel
simulation phase, each bouquet was placed in a vase with tap water and mixture of the
hydration solution used by producers at room temperature. Finally, foliage and flower color
change were characterized, and the number of days each treatment and variety lasted
without yellowing, foliage or spray burn, and leaf abscission, if these occurred, was

recorded.

Severity scale for chrysanthemum foliage yellowing

A descriptive scale was developed based on the progression of leaf yellowing in
chrysanthemum plants over the duration of exposure of stems in vases (Figure 2). The scale
used in this trial to decide when to end the vase life evaluation was based on the producers'

specifications.

Photo Grade Description

0 Leaves with a solid and dark green color
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Leaves beginning to change color from intense green to yellow,
1 starting at the edges. A lighter green hue is observed across the
entire leaf blade.

Leaves changing color from intense green to yellow, from the edge
2 toward the center of the leaf blade. A lighter green hue is observed
across the entire leaf blade.

Leaves changing color from intense green to yellow over the entire
3 leaf blade. Chlorosis begins at the leaf edge, where senescence starts
to become visible.

Figure 2. Severity scale of leaf yellowing in cut stems of ‘Shrek’ and ‘Bomber Green’
chrysanthemum plants exposed to vase conditions.

Data analysis
An analysis of variance was performed and, when statistical differences were found, a
Tukey's mean comparison test was conducted (p < 0.05). The data were analyzed using

Stastix v 9.0 (Analytical Software, Tallahassee, FL, USA).

RESULTS

Chlorophyll relative content for ‘Shrek’ in the three thirds of the plants

The relative chlorophyll content in the leaves of the lower third of ‘Shrek’
chrysanthemum showed a general trend of decrease, with significant differences observed
(P < 0.05) at 43 and 75 DAT. The application of 33.3 mg kg™ of 6-BAP resulted in the
highest values, while the lowest values occurred in the leaves of the control plants without

CK addition (Figure 3A).
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Figure 3. Chlorophyll relative content in the lower third of ‘Shrek’ (A) and ‘Bomber
Green’ (B) chrysanthemum plants in response to CK application (0, 33.3, 66.6, 100 mg
kg! 6-BAP, and Farm (TC)). Different letters indicate significant differences between
treatments at each sampling point according to Tukey's test (p < 0.05). Vertical bars
on each mean indicate the standard error (n=4).
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The relative chlorophyll content in the leaves of the middle third increased across the six
evaluation points, with the highest accumulation of chlorophyll in this stratum observed at
the end of 75 DAT. Significant statistical differences (P < 0.05) were found at 67 DAT with
the use of 6-BAP at 33.3 mg kg', yielding 69.00 SPAD units, which was a higher
chlorophyll content compared to leaves without CK application. Conversely, the
application of 66.6 and 100 mg kg™ of 6-BAP resulted in lower relative chlorophyll content
at 61.00 SPAD units compared to the leaves of plants without the addition of an exogenous

CK source, which had 68.13 SPAD units (Figure 4A).

A
—&— O mgkg-1
80 - ——o— 333 mgkg-1
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fffffff 100 mg kg-1
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Figure 4. Chlorophyll relative content in the middle third of ‘Shrek’ (A) and ‘Bomber
Green’ (B) chrysanthemum plants in response to CK application (0, 33.3, 66.6, 100 mg
kg! 6-BAP, and Farm (TC)). Different letters indicate significant differences between
treatments at each sampling point according to Tukey's test (p < 0.05). Vertical bars
on each mean indicate the standard error.

The relative chlorophyll content in the upper third increased across the six evaluation
points, reaching the highest chlorophyll concentration at 75 DAT. Statistical differences (P
< 0.05) were observed only at 67 DAT with the use of 6-BAP at concentrations of 66.6 and
100 mg kg, yielding 86.75 and 80.75 SPAD units, respectively, which were the lowest

chlorophyll concentrations at this evaluation point (Figure 5A).

12
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Figure 5. Chlorophyll relative content in the upper third of ‘Shrek’ (A) and ‘Bomber
Green’ (B) chrysanthemum plants in response to CK application (0, 33.3, 66.6, 100 mg
kg 6-BAP, and Farm (TC)). Different letters indicate significant differences between
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on each mean indicate the standard error.
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Chlorophyll relative content for ‘Bomber Green’ in the three thirds of the plants

In the leaves located in the lower third of ‘Bomber Green’ chrysanthemum plants, the
relative chlorophyll content showed no statistical differences (P < 0.05) at any of the six
evaluation points when using exogenous CK sources compared to control plants (without
CK addition) (Figure 3B). In the leaves of the middle third of these plants, the relative
chlorophyll content increased with and without CK addition, reaching the highest value for
this variable at 75 DAT; however, there were no statistical differences (P < 0.05) in
chlorophyll content between the plants subjected to treatments and the control plants
without CK (Figure 4B).

At 43 DAT, statistical differences (P < 0.05) were found in the relative chlorophyll
content in the upper third of the leaves in response to CK use and chlorophyll concentration
with 6-BAP at 100 mg kg™1. Meanwhile, at 51 DDT, there were statistical differences (P <
0.05) with the application of 6-BAP at concentrations of 33.3 and 100 mg kg, as well as
with the farm treatment (TC), where the leaves of these treatments showed higher
chlorophyll content of 59.00 SPAD units (Figure 6A). At 67 DAT, statistical differences
were observed in relative chlorophyll content (P < 0.05) in leaves treated with the farm
treatment (TC) (Figure 6A). Finally, at 75 DAT, statistical differences (P < 0.05) were
obtained in leaves treated with 6-BAP at 33.3, 66.6, and 100 mg kg, with 69.58 SPAD
units being a lower value for this variable than that recorded in leaves without CK addition

(Figure 5B).

Leaf abscission in ‘Shrek’ and ‘Bomber Green’ chrysanthemum plants

In ‘Shrek’ chrysanthemum plants, both with and without CK application, leaf loss
associated with chlorosis and senescence symptoms began at 59 DAT, with a loss of 5 to 6
leaves, increasing to a total loss of 10 to 11 leaves by the end of the evaluation at 75 DAT
in both CK-added and control plants (Tab. 3). In contrast, in ‘Bomber Green’ plants, leaf
loss due to senescence began with 2 leaves across all treatments (Tab. 3). At 67 DAT,
plants treated with 33.3 mg kg™ of 6-BAP and the farm treatment (TC) lost 3 leaves, while

with the other treatments only 2 leaves were lost (Tab. 3). By the end of the trial at 75
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DAT, the plants treated with 33.3 mg kg' of 6-BAP lost 4 leaves, while the other

treatments resulted in a loss of 6 leaves (Tab 3).

Behavior of vase life in ‘Shrek’ chrysanthemum stems in response to 6-BAP
application at different developmental stages

In ‘Shrek’ chrysanthemum plants, the vase life of cut stems treated with foliar
application of 100 mg kg' of 6-BAP was 8.7 d, longer than the 6.3 d obtained for plants
subjected to the farm treatment (TF), which was the lowest value in this study. Meanwhile,
stems from plants that did not receive CK application had a vase life of 7.4 d (Tab. 4). The
leaves of the stems from both CK-treated and untreated plants exhibited a severity of
yellowing at grade 1 when exposed to vase conditions, with slight yellowing of the leaf
blade and no progression of symptoms. However, the commercial value of the stems was

lost due to the degradation of the green color of the foliage (Figure 2).

Table 3. Quantification of foliage abscission (number of leaves) in ‘Shrek’ and
‘Bomber Green’ chrysanthemum plants with CK application.

Assessmen Farm
t/ 0 mg kg 33.3mg kg! | 66.6 mgkg’ | 100 mg kg™
(TC)
Treatment
‘Shrek’
35 DAT - - - - -
43 DAT - - - - -
51 DAT - - - - -
59 DAT 6 6 5 6 5
67 DAT 8 8 7 7 8
75 DAT 11 10 10 11 10
'Bomber Green'
35 DAT - - - - -
43 DAT - - - - -
51 DAT - - - - -
59 DAT 2 2 2 2 2
67 DAT 2 3 2 2 3
75 DAT 6 4 5 5 6

Regarding the yellowing of the foliage, this began after 5 d of exposure to vase

conditions, with signs of leaf blade discoloration in plants treated with 100 mg kg™ of 6-
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BAP and the farm treatment (TC). In contrast, yellowing in the leaves of stems that
received 33.3 mg kg™ of 6-BAP started after 7 d. However, in the leaves of control plants

without CK application, yellowing began 6 d after being placed in the vase (Tab. 4).

Table 4. Days to the onset of yellowing, percentage of affectation in stems, total
duration of vase life, and severity grade in cut stems in response to the application of
different concentrations of CK in ‘Shrek’ and ‘Bomber Green’ chrysanthemum
plants.

Treatm Concentration Yellowing onset Severit Affected | Vase life
ent | of 6-BAP (mg kg™ () Y |stems (%)| (d)
'Shrek'

0 0 6 1 100 7
1 33.3 7 1 100 7
2 66.6 6 1 100 9
3 100 5 1 100 9
4 Farm (TC) 5 1 100 6
'Bomber Green'

Treatm Concentration Yellowing onset Severit Affected | Vase life
ent | of 6-BAP (mg kg") (d) Y |stems (%)| (d)

0 0 12 1 25 14
1 33.3 15 0 0 15
2 66.6 15 0 0 15
3 100 15 0 0 15
4 Farm (TC) 12 2 20 14

Behavior of vase life in cut stems of ‘Bomber Green’ chrysanthemum in response to 6-
BAP application at different developmental stages

The vase life duration of cut stems from this cultivar supplied with 6-BAP was 15 d,
which is a longer duration of adequate commercial appearance, without loss of the
characteristic green coloration of the cultivar, than that of control plants without CK source
application, which lasted 14.3 d (Tab. 4). With the application of 6-BAP concentrations of
33.3, 66.6, and 100 mg kg', the foliage ended its vase life without any yellowing
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affectation; that is, with a severity of 0. Additionally, the foliage of the stems belonging to
the farm treatment exhibited yellowing with a severity grade of 2 (Figure 3). In control
stems without CK source application, as well as those treated with the farm treatment, the
onset of symptoms associated with leaf yellowing began after 12 d of exposure to vase
conditions. In plants without CK sources, yellowing was observed in 25% of the evaluated

stems, while this was observed in 20% of plants with the farm treatment (Tab. 4).

DISCUSSION

The lower relative chlorophyll content in ‘Shrek’ and ‘Bomber Green’ in the lower
leaves, along with the variation of this in the middle and upper thirds, may be related to the
leaves’ competition for light due to planting density, the erectophile growth habit of the
stems, and low light penetration in the lower canopy, leading to mechanisms that produce
lower chlorophyll content (Kamble et al., 2015). However, the variation and heterogeneity
in chlorophyll content, resulting from the structural organization of molecules in
chloroplasts and the adaptation between and within leaves, maximize the photosynthetic
rate in the canopy (Zhao et al., 2019), which is a common response.

In some species, chlorophyll content is higher in the lower leaves during the vegetative
phase, and this pattern is reversed at the beginning of the reproductive phase (Zhang et al.,
2022). This contrasts with the findings of this study, as the relative chlorophyll content in
the lower stratum leaves was lower from the time of transplanting. This implies that the
greening and chlorophyll concentration are specific and depend on the age of the leaf blade
(Kamble et al., 2015), the amount of intercepted light, and stored sugars, which are
reflected in the response of chloroplasts, particularly in the early stages of aging (Zubo et
al., 2008). This also suggests that the developmental state of the leaf and its age are
determining factors related to the effect of 6-BAP on the onset of yellowing.

The modification of chrysanthemum architecture associated with agronomic
management may have increased the interception of photosynthetic active radiation in the
middle and upper leaves, favoring photosynthesis (De Villa et al, 2022). However, the

variability in relative chlorophyll content could be related to higher light intensity
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activating the defense mechanism of degrading photosynthetic pigments (Hallik et al.,
2009). This confirms that both leaves and chloroplasts are adapted to specific light
conditions, and these changes can alter the functioning of the photosynthetic apparatus,
reducing photosynthetic efficiency (Swoczyna et al, 2022). Chrysanthemums exhibit
specificity in their morphological response to light conditions and floral capacity (Ochiai et
al., 2015); thus, the variation in chlorophyll content could be linked to the cultivar and its
interactions with climatic conditions during growth, determining the increase or decrease in
agronomic yield, commercial value, and quality parameters of this cut flower.

Applications of CK to induce the delay of leaf aging were not effective in the lower
third of the plant (Tab. 4). Similarly to findings in rose, carnation, petunia, and lily, the
anti-senescence response of CK was variable and depended on the type, concentration, and
developmental stage at which it was used (Chang et al., 2003; Trivellini, 2014). This
contrasts with findings in cilantro leaves (Aminifard et al., 2020), carnation (Dianthus
caryophyllus) (Ramtin et al., 2016), and bird of paradise (Strelitzia spp) (Rayya et al.,
2015), where foliar spraying of CK (benzyladenine (BA)) increased chlorophyll and
carotenoid content, as well as the number and size of chloroplasts and photosynthetic
reactions.

In the evaluated cultivars, the onset of yellowing appears to be related to the duration of
the leaf area of the plant and the developmental stage at which CK application was made.
At around 51 DAT, the relative chlorophyll content in basal leaves began to decrease,
coinciding with floral bud differentiation and the formation of secondary branches, events
associated with high translocation of photoassimilates from mature leaves to newly forming
and developing organs (Zhao et al., 2019) or for storage (Zwack and Rashotte, 2013),
determined by the source-sink relationship. Since leaves are assimilation and storage
organs, the onset of senescence could be considered a transition from carbon to nitrogen
source. If this demand is not met through the roots, it is drawn from more mature tissues
(Davies and Gan, 2012). CKs maintain the green color of their mature leaves by inducing
changes in nitrogen mobilization from leaves (Glanz-Idan et al., 2022), translocating

photoassimilates to the new developing structures (Guiboileau et al., 2010). This suggests
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that, in the evaluated chrysanthemum cultivars, in addition to CK applications, it may be
necessary to review nutritional demands at each phenological stage, as optimal nitrogen
content would help meet the demands of sinks, potentially delaying the senescence of the
lower third leaves of the plants.

During leaf senescence, CK reduces sugar accumulation, increases chlorophyll
synthesis, and prolongs leaf activity (Wu et al., 2021). Previous results indicate that the
distribution of carbon skeletons in these chrysanthemums primarily favors the stem; leaves
may remobilize assimilates to the stem and secondary branches, promoting the senescence
of mature leaves. In contrast, in the stems of chrysanthemum ‘Shrek’, after cutting, the
demand for substrates used in respiration may have exceeded the total amount of
assimilates accumulated in their storage organs, leading to rapid yellowing of the foliage
and a shorter vase life compared to the ‘Bomber’ cultivar. As observed in cut lisianthius sp.
and marigold plants, a high carbohydrate content in the stem positively affected flower
longevity (Ahmad et al., 2014). Additionally, during the post-harvest period of the cut
stem, sugars are translocated from the leaves to the flower petals, enhancing the quality of
the flower buds; however, when floral stems are exposed to vase conditions, yellowing of
the foliage may occur, even though it has been observed that flower buds maintain their
quality for a longer time. Nonetheless, more evidence is needed regarding sugar
metabolism and its translocation during the post-harvest process of cut flowers (Horibe,
2020).

The delay in aging due to CK supply does not appear to correlate with the total amount
accumulated in the leaf, and the molecular mechanism of CK-mediated control in leaves is
still not entirely clear (Zwack and Rashotte, 2013; Glanz-Idan et al., 2022). Similarly, the
environmental and physiological factors related to chrysanthemum growth are not yet fully
understood, although this knowledge is essential for regulating their growth and yield to
promote uniformly high-quality plants for commercial production (Nakano et al., 2019).

Yellowing of the foliage during the post-harvest stage is characterized by the change in
color of the leaf blade, which is the most perceptible phenotypic sign (Horibe, 2020; Wu et

al.,, 2021). This leads to the activation of senescence and a reduction in the vase life of
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plants (Cavalcante da Costa et al., 2021). Counteracting or delaying these normal processes
of reserve degradation and subsequent senescence to ensure optimal quality of the stems is
a focus of interest in cut flower production. It was confirmed that the response to the use of
CK in increasing vase life depends on the species and cultivar as well as the CK
concentration used (Cavalcante da Costa ef al, 2021). The synthesis of pigments as an
effect of CK application may be associated with biomass formation and the leaf's
assimilation surface, correlated with the formation of the photosynthetic apparatus at the
cellular and chloroplastic levels. Furthermore, the rate of leaf aging depends on species
characteristics, position in the plant, and environmental conditions (Honig et al., 2018).
Applications of 6-BAP may not increase carbohydrate content in the leaves, as previously
found (Al-Dalwi and Al-Bakkar, 2023).

The foliage of ‘Shrek’ chrysanthemum plants treated with foliar sprays of 66.6 and 100
mg kg of 6-BAP had the longest vase life, of 9 d. These results are consistent with those
found in lily plants, calla lily (Kapri et al., 2018), some varieties of the Asteraceae family
(El-Kinany, 2019), and saffron (Al-Saad, 2021), where the application of BA at a
concentration of 100 mg kg™ extended vase life; reduced and delayed leaf abscission, lipid
peroxidation in cells, and ion loss; and led to differences in vegetative growth and increased
longevity of inflorescences, influenced by the timing of BAP application.

In “Punjab Shyamli” chrysanthemum plants, the application of BA did not result in
yellowing of the leaves of cut stems; however, as in this study, the longest vase life was
found in control plants without CK application. On the other hand, ‘Bomber Green’
chrysanthemum stems treated with different concentrations of 6-BAP had a longer vase life;
after 13 d, the foliage showed no yellowing, fully meeting the post-harvest quality
conditions required by producers. It has been found that in species such as heliconia, the
application of 300 mg kg of BA favors vase life (Malakar er al., 2023), which is different

to what was found in the chrysanthemum plants used in this study.
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CONCLUSIONS

Throughout the development of ‘Shrek’ and ‘Bomber Green’ chrysanthemum plants, the
relative chlorophyll content increased in the leaves of the middle and upper thirds;
however, the magnitude of the chlorophyll content varied by cultivar. The greatest variation
in relative chlorophyll content was observed in the leaves of the lower third of the ‘Shrek’
cultivar after day 51 DAT, reaffirming that the onset of this physiological disorders is
linked to the appearance of the floral bud and new branching. The application of cytokinins
(CK) did not delay the onset of leaf yellowing in the different developmental stages of the
basal leaves; however, the vase life of cut stems of ‘Shrek’ chrysanthemum was longer with
the use of 6-BAP at concentrations of 66.6 and 100 mg kg™'. Therefore, this physiological
disorders is related to the plant's interaction with the environmental conditions in which it is
cultivated.

Conflict of interest: The manuscript was prepared and reviewed with the participation of
the authors, who declared that there exists no conflict of interest that puts at risk the validity
of the presented results.

Acknowledgment: To CI Sunshine Bouquet S.A.S, for the facilities and the plants.

Author contributions: S.L.D.C., D.M.L and H.E.B.-L.; conceptualized the idea, compiling
articles, S.L.D.C, D.M.L and H.E.B.-L.; Developing research methods, and compiling
discussions and conclusions, S.L.D.C.; collecting and processing data, S.L.D.C, D.M.L and
H.E.B.-L.; validating articles, discussing results and conclusions. All authors have read and

agreed to the published version of the manuscript.

BIBLIOGRAPHIC REFERENCES
AL-Dalwi, L., and A. AL-Bakkar. 2022. Effect of benzyl adenine on the vegetative and
root growth of seedlings of myrtus communis 1l.: a review. British J. Global Ecology

Sustain. Develop. 07, 10-27.

21


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

Al-Saad, K., and M. Al-zubaidi. 2021. Effect of foliar application with seaweed extract

(Acadian) on growth and yield of two saffron cultivars (Crocus sativus 1.). J. For. Agric.

Sci. 3, 1-13. Doi: 10.52113/mjas04/8.3/40c.

Amelia, Z., Supriyanto., and A. Wulandari. 2020. Effect of 6-BAP application on shoot

production of Melaleuca alternifolia seedlings. Conf. Ser.: Earth Environ. Sci. 528, 1-7.

Aminifard, M., A, Hossein., and Y. Rostam. 2020. The response of sweet pepper
(Capsicum annuum L. ‘California Wander’) to plant density under field conditions. Acta

Horticulturae. 53-58. Di0:10.17660/ActaHortic.2020.1292.7.

Cahyo, N., A. Hamdan, S. Hermawan., and P. Paryanto. 2020. Performance and
Emission Characteristic of Co-firing of Wood Pellets with sub-Bituminous Coal in a 330

MWe Pulverized Coal Boiler. 44-47.

Castro-Camba, R., C. Sanchez, N. Vidal., and J. Vielba. 2022. Plant Development and
Crop Yield: The Role of Gibberellins. Plants. 11, 2650. Doi.org/10.3390/ plants11192650.

Cavalcante da Costa, L., F. Ferreira, W. Souto Ribeiro, M. Nayana., and F. Luiz. 2021.

Postharvest physiology of cut flowers. Ornamental Horticulture. 27(3), 374-385.
Chang, H., M. Jone, G. Banowetz., and D. Clark. 2003. Overproduction of cytokinins in
petunia flowers transformed with P(SAG12)-IPT delays corolla senescence and decreases

sensitivity to ethylene. Plant Physiol. 132(4), 1-10. Doi: 10.1104/pp.103.023945.

Davies, P., and S. Gan. 2012. Towards an integrated view of monocarpic plant

senescence. Russian Journal of Plant Physiology. 59, 467-478.

22


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of
Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:
https://doi.org/10.17584/rcch.2025v19i1.18314

manuscript

De Villa, B., M. Petry, M. Nascimento dos Santos, J. Martins, 1. Lago, M. Brum, H.
Schaf, G. Lavarda, F. Tonetto, C. Ferrazza, J. de Oliveira, R. Werle., and R. Pacheco. 2022.
Effects of Minimum and Maximum Limits of Solar Radiation and Its Temporal and

Geographic Interactions. Journal of Agricultural Science. 14(8), 1-6.

El-Kinany, E. A. Nassar., and A. El-Settawy. 2019. The Role of Benzyl Amino Purine

and Kinetin in Enhancing the Growth and Flowering of three Gaillardia Varieties. Alex. J.
Agric. Sc. 64(5), 277-288.

Geesta, G., A. Postb, P. Arensc, R. Visserc., and U. Meeterena. 2017. Breeding for
postharvest performance in chrysanthemum by selection against storage-induced

degreening of disk florets. Postharvest Biology and Technology. 124, 45-53.

Glanz-Idan, N. M. Lach, P. Tarkowski, O. Vrobel., and S. Wolf. 2022. Delayed Leaf
Senescence by Upregulation of Cytokinin Biosynthesis Specifically in Tomato Roots.

Front. Plant Sci. 13, 1-10. Doi: 10.3389/fpls.2022.922106.

Guiboileau, A., R. Sormani, C. Meyer., and C. Masclaux-Daubresse. 2010. Senescence

and death of plant organs: nutrient recycling and developmental regulation. C R Biol.
333(4), 82-91. doi: 10.1016/j.crvi.2010.01.016.

Hallik, L., U. Niinemets., and I. Wright. 2009. Are species shade and drought tolerance
reflected inleaf-level structural and functional differentiation inNorthern Hemisphere

temperate woody flora? New Phytologist. 184, 257-274. Doi: 10.1111/5.1469-
8137.2009.02918.x.

Hassanein, A., and S. Alsattami. 2016. The optimum conditions for quantitative and

qualitative floweringin chrysanthemum and the endogenous hormones associated with

23


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

flowering. International Journal of Advanced Research in Biological Sciences. 3(3), 175-

185.

Honig, M., L. Plihalovd, A. Husi'ckovd, J. Nisler., and K. Dolezal. 2018. Role of
Cytokinins in Senescence, Antioxidant Defence and Photosynthesis. Int. J. Mol. Sci. 19,

(4045), 1-23. D0i1:10.3390/ijms 19124045.

Horibe, T. 2020. Use of light stimuli as a postharvest technology for cut flowers. Front.
Plant Sci. 11(573490),1-4. DOI: 10.3389/fpls.2020.573490.

Igbal, N., N. Khan, A. Ferrante, A. Trivellini, A. Francini., and M. Khan. 2017.
Ethylene Role in Plant Growth, Development and Senescence: Interaction with Other

Phytohormones. Front. Plant Sci. 8(475), 1-19. Doi: 10.3389/fpls.2017.00475.

Instituto Colombiano Agropecuario (ICA). 2024. Con 700 millones de tallos, Colombia

aporta variedad, color y belleza a la celebracién de San Valentin. consulta: junio 2024.

Jamil, M., M. Mizanur, M. Hossain, M. Tofazzal., and A. Sirajul. 2015. Effect of plant
growth regulators on flower and bulb production of hippeastrum (Hippeastrum hybridum

hort.). Bangladesh J. Agril. Res. 40(4), 591-600.

Kamble, P., S. Giri, R. Manel., and A. Tiwana. 2015. Estimation of Chlorophyll Content
in Young and Adult Leaves of Some Selected Plants. Universal Journal of Environmental

Research and Technology. 5(6), 306-310.
Kapri, M., A. Singh, A Sisodia., and M. Padhi. 2018. Influence of GA3 and BA

(Benzyladenine) on flowering and post-harvest parameters in lily. Journal of

Pharmacognosy and Phytochemistry. 7(3). 1916-1918.

24


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

Kentelky, E., Z. Szekely-Varga, J. Bélint., and A. Balog. 2021. Enhance growth and
flower quality of Chrysanthemum indicum L. with application of plant growth retardants.

Horticulturae. 7(12), 1-16. https://doi.org/10.3390/horticulturae7120532

Khaerunnisa Sharath Kumar, M., E. Heuvelink, L. Marcelis., and W. Ieperen. 2021.
Floral induction in the short-day plant chrysanthemum under blue and red extended long-

days. Front. Plant Sci. 11(610041), 1-13. DOI: 10.3389/fpls.2020.610041.

Lailaty, I., and L. Nugroho. 2021. Vegetative anatomy of three potted Chrysanthemum
varieties under various paclobutrazol concentrations. Biodiversitas. 22(2), 563-570. Doi:

10.13057/biodiv/d220207

Liu, J., B. Ni, Y. Zeng, C. He., and J. Zhang. 2020. Transcriptomic Analysis Reveals
Hormonal Control of Shoot Branching in Salix matsudana. Forests. 11(3), 1-13.

Do1:10.3390/f11030287.

Malakar, M. P. Duarte, M. Beruto., and A. Rodrigues. 2023. Review of recent advances
in post-harvest techniques for tropical cut flowers and future prospects: Heliconia as a case-

study. Front. Plant Sci. 14(1221346), 1-27. Doi: 10.3389/fpls.2023.1221346

Mandal, B., and Y. Ling. 2023. Analysis of Chlorophylls/ Chlorophyllins in Food
Products Using HPLC and HPLC-MS Methods. Molecules. 28(10), 1-27.
Doi.org/10.3390/molecules28104012.

Mielke, M., B. Schaffer., and C. Li. 2010. Use of a SPAD meter to estimate chlorophyll

content in Eugenia uniflora L. leaves as affected by contrasting light environments and soil

flooding. Photosynthetica. 48(3), 332-338.

25


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

Nakano, Y. T. Takase, S. Takahashi, K. Sumitomo, Y. Higuchi., and T. Hisamatsu.
2019. Chrysanthemum requires short-day repeats for anthesis: Gradual CsFTL3 induction
through a feedback loop under short-day conditions. Plant Science 283. 247-255.

Nguyen, T., and J. Lim. 2021. Do eco-friendly floral preservative solutions prolong vase

life better than chemical solutions?. Horticulturae 7(10), 1-11.

Novita, A. 2022. The effect of Gibberellin (GA3) and Paclobutrazol on growth and
production on Tomato (Lycopersicum esculentum Mill.). IOP Conference Series: Earth and

Environmental Science. 1025(012037), 1-5.

Ochiai, M., Y. Liao, T. Shimazu, Y. Takai, K. Suzuki, S. Yano., and H. Fukui. 2015.
Varietal Differences in Flowering and Plant Growth Under Night-Break Treatment with
LEDs in 12 Chrysanthemum Cultivars. Int. J. Adv. Res. Biol. Sci. 3(3), 175-185.

Orjuela-Rodriguez, A., M. Castilla-Baquero., and H. Balaguera-Lépez. 2024. Can
biostimulants and grafting alleviate salinity stress in purple passion fruit (Passiflora edulis
f edulis Sims)?. Agronomia Colombiana, 42(1), 1-13.
Doi.org/10.15446/agron.colomb.v42n1.113585

Pinzén-Sandoval, E., H. Almanza-Merchan, P. Cely-Reyes, G. Serrano-Cely., and A.
Ayala-Martinez. 2022. Correlation between SPAD and chlorophylls a, b and total in leaves
from Vaccinium corymbosum L. cv. Biloxi, Legacy and Victoria in the high tropics.
Revista Colombiana de Ciencias Horticolas, 16(2), 1-9.

Doi.org/10.17584/rcch.2022v1612.14693.

Ramtin, J., A. Nauman, P. Kai., and T. Binish. 2016. What is DevOps?: A Systematic

Mapping Study on Definitions and Practices. 1(11), 1-12.

26


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

Ritonga, F., D. Zhou, Y. Zhang, R. Song, C. Li, J. Li., and J. Gao. 2023. The Roles of
Gibberellins in  Regulating  Leaf  Development.  Plants.  12(19), 1-19.
Doi.org/10.3390/plants12061243.

Sedaghathoor, S., Z. Narouei, S. Sajjadi., and S. Piri. 2020. The effect of chemical
treatments (silver thiosulfate and putrescine) on vase life and quality of cut

Chrysanthemum morifolium (Ram.) flowers, Cogent Biology, 6(1), 1-12.

Shahrajabian, M., Sun, W. Zandi., and Q. Cheng. 2019. A review of chrysanthemum,
the eastern queen in traditional chinese medicine with healing power in modern

pharmaceutical sciences. App. Ecol. Environ. Res. 17(6); 13355-13369.

Swoczyna, T., H. Kalaji, F. Bussotti, J. Mojski., and M. Pollastrini. 2022.
Environmental stress - what can we learn from chlorophyll a fluorescence analysis in
woody plants? A review. Front. Plant Sci. 13(1048582), 1-19. Doi:
10.3389/fpls.2022.1048582.

Talla, S., M. Panigrahy, S. Kappara, P. Nirosha, S. Neelamraju., and R. Ramanan. 2016.
Cytokinin delays dark-induced senescence in rice by maintaining the chlorophyll cycle and
photosynthetic complexes.  Journal of Experimental Botany. 67(6), 1839-1851.
doi:10.1093/jxb/erv575.

Teixeira da Silva, J. 2003. Chrysanthemum: Advances in tissue culture,
cryopreservation, postharvest technology, genetics, and transgenic biotechnology. Biotech.
Adv. 21(8), 715-766.

Thomas, H., and O. Helen. 2014. The stay-green trait. Journal of experimental botany.

65(14), 3889-3900.

27


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

Trivellini, A., G. Cocetta, P. Vernieri, A. Mensuali., and A. Ferrante. 2014. Effect of
cytokinins on delaying petunia flower senescence: a transcriptome study approach. Plant

Mol Biol. 87,169-180. Doi: 10.1007/s11103-014-0268-8.

Vaghasia, M., and N. Polara. 2015. Effect of Plant Growth Retardants on Growth,
Flowering and Yield of Chrysanthemum (Chrysanthemum Morifolium Ramat.) cv. ITHR-6.
3(2), 99-104. https://doi.org/10.18034/mjmbr.v3i2.414.

Vehniwal, S., and L. Abbey. 2019. Cut flower vase life — influential factors, metabolism

and organic formulation. Horticult Int J. 3(6), 275-281.

Wu, W., K. Du, X. Kang., and H. Wei. 2021. The diverse roles of cytokinins in
regulating leaf development. Horticulture Research. 8(118), 1-13. Doi.org/10.1038/s41438-
021-00558-3.

Xia, H., Y. Xu, J. Zhang, Z. Huang, H. Luo, Z. Ye., and H. Zhou. 2021. Complete
chloroplast genome sequence of a Dutch cultivar of Chrysanthemum, Chrysanthemum

morifolium ‘Orizaba’ (Asteraceae). Taylor & Francis. 6(7), 1937-1938.

Yu, X., R. Sayegh, M. Maymon, K. Warpeha, J. Klejnot, H. Yang, J. Huang, J. Lee, L.
Kaufman., and C. Lin. 2009. Formation of Nuclear Bodies of Arabidopsis CRY2 in
Response to Blue Light Is Associated with Its Blue Light-Dependent Degradation. The
Plant Cell. 21(1),118-130. Doi.org/10.1105/tpc.108.061663.

Yuan, Z., Q. Cao, K. Zhang, ST. Ata-Ul-Karim, Y. Tian, Y. Zhu, W. Cao., and X. Liu.

2016. Optimal Leaf Positions for SPAD Meter Measurement in Rice. Front. Plant Sci.
(7)719, 1-10. Doi: 10.3389/fpls.2016.00719.

28


https://doi.org/10.17584/rcch.2025v19i1.18314

Dussan-Currea, S.L., D. Miranda-Lasprilla and H.E. Balaguera-Lopez. 202x. Effect of

Accepted 6-BAP application on leaf yellowing of Chrysanthemum morifolium Ram cv. 'Shrek’

. and 'Bomber Green'. Revista Colombiana de Ciencias Horticolas 19(1), e18314. Doi:

manus CI'lpt https://doi.org/10.17584/rcch.2025v19i1.18314

Zhang, X. B. Zhao, Y. Sun., and Y. Feng. 2022. Effects of gibberellins on important
agronomic traits of horticultural plants. Front. Plant Sci. 13(978223), 1-19.
Do0i:10.3389/fpls.2022.978223.

Zhao, Y., Y. Chunhua, L. Shan, W. Pei, Q. Guo., and L. Ruili. 2019. Estimation of
chlorophyll content in intertidal mangrove leaves with different thicknesses using

hyperspectral data. Ecological Indicators. 106 (3), 1-11.

Zubo, Y., M. Yamburenko, S. Selivankina, F. Shakirova, A. Avalbaev, N. Kudryakova,
N. Zubkova, K. Liere, O. Kulaeva, V. Kusnetsov., and T. Bomner. 2008. Cytokinin

Stimulates Chloroplast Transcription in Detached Barley Leaves. Plant Physiology.
148(2),1082-1093.

Zwack, P., and A. Rashotte. 2013. Cytokinin inhibition of leaf senescence. Plant
Signaling & Behavior 8(7), 1-7.

29


https://doi.org/10.17584/rcch.2025v19i1.18314

