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Cytokinin and gibberellin influence growth and development of Cattleya
guttata Lindl. (Orchidaceae) in vitro seedlings

Citocinina e giberelina influenciam o crescimento e o desenvolvimento de plantulas de Cattleya guttata Lindl
(Orchidaceae) in vitro

Marco Aurelio Ribeiro Schuffner!
Silva de Oliveira'

, Otalicio Damasio da Costa Junior!
, Maurecilne Lemes da Silva®

, Luis Henrique Bueno? (2, Josimar dos Santos Ladeira' (2, Lucilene

, and Diego Ismael Rocha'"

'Universidade Federal de Vigosa, Departamento de Agronomia, Vigosa-MG, Brasil.
Universidade Federal de Vigosa, Departamento de Biologia Vegetal, Vigosa-MG, Brasil.
*Universidade do Estado de Mato Grosso, Departamento de Biologia, Tangara da Serra-MT, Brasil.

Abstract

Few studies have investigated the effects of plant growth regulators (PGRs) on the development of native Brazilian orchids threatened with extinction
and with high ornamental potential, such as Cattleya guttata Lindl. The present study aimed to investigate the effects of cytokinin and gibberellin on
the early development of Cattleya guttata seedlings grown in vitro. Seedlings 120-days-old were cultured in MS medium supplemented with either
6-benzyladenine (BA; 4.44 umol L), gibberellic acid 3 (GA; 2.89 umol L), paclobutrazol (PBZ; 0.85 pmol L"), and BA+GA (BA: GA), or BA+PBZ
(BA: PBZ) at the same concentrations. The control treatment consisted of MS medium without PGRs. After 140 days of in vitro growth, seedling
development and leaf size and shape were assessed. BA supplementation significantly increased the formation of axillary shoots, resulting in modified
seedling architecture. However, the simultaneous application of GA attenuated the effects of BA. Both BA and GA, whether applied individually or
together, suppressed root development. When PBZ was added to the medium alone or in combination with BA, the root parameters were like the control.
PBZ in the medium affected leaf morphology. BA and PBZ together produced a negative correlation between leaf width and length-width ratio. This
study clarifies how cytokinin-gibberellin interactions affects in vitro growth and early development in this ornamental plant species.
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Resumo

Poucos estudos investigaram os efeitos de reguladores de crescimento vegetal (RCVs) no desenvolvimento de orquideas brasileiras, nativas, ameagadas
de exting@o e que possuem alto potencial ornamental de mercado, como ¢ o caso da Cattleya guttata Lindl. O presente estudo teve como objetivo
investigar o efeito da citocinina e giberelina no desenvolvimento inicial de mudas de Cattleya guttata cultivadas in vitro. Mudas de 120 dias de idade
foram cultivadas em meio MS suplementado com 6-benziladenina (BA; 4,44 pmol L), acido giberélico 3 (GA; 2,89 pmol L), paclobutrazol (PBZ;
0,85 umol L") e BA + GA (BA: GA) ou BA + PBZ (BA: GA) nas mesmas concentragdes. O tratamento controle consistiu em meio MS sem RCVs.
Apbs 140 dias de crescimento in vitro, o desenvolvimento das plantulas e o tamanho e a forma das folhas foram avaliados. A suplementagdo com BA
aumentou significativamente a formacao de brotos axilares, resultando em arquitetura modificada das plantulas. No entanto, a aplicacdo simultanea de
GA atenuou os efeitos do BA. Tanto o BA quanto o GA, aplicados individualmente ou em conjunto, suprimiram o desenvolvimento radicular. Quando
o PBZ foi adicionado ao meio de cultura, isoladamente ou em combinagdo com o BA, os parametros radiculares foram semelhantes aos do controle. O
PBZ, no meio de cultura, afetou a morfologia foliar. A combinac¢do de BA e PBZ resultou em correlagdo negativa entre a largura da folha e a relagdo
comprimento/largura. Este estudo esclarece como as interagdes entre citocinina e giberelina afetam o crescimento in vitro e o desenvolvimento inicial
desta espécie ornamental.

Palavras-chave: desenvolvimento foliar, fitohormonios, orquideas, reguladores de crescimento vegetal.

Introduction

The Orchidaceae family comprises approximately 28,000 species,
divided into five subfamilies, making it one of the largest and most
diverse families of flowering plants. It represents about 8% of the total
diversity of angiosperms cataloged worldwide (Chase et al., 2015). The
remarkable diversity of orchids is attributed to their ability to thrive in
diverse habitats, ranging from temperate climates to extensive tropical
forests (Wraith and Pickering, 2019). Their adaptability is associated
with their capacity to grow in soil, on phorophytes, and on rocks. Despite
their adaptive success, these plants belong to one of the most threatened
taxonomic groups worldwide (Wraith and Pickering, 2019).

In Brazil, several species of the genus Cattleya are listed as
endangered species, including Cattleya guttata (Barros et al., 2015). This
species belongs to the subgenus Intermediae and is found from Santa
Catarina to Bahia State, predominantly in coastal plains. However, its
distribution also extends to the interior of Parana State and the eastern
region of Minas Gerais State (Barros et al., 2015). C guttata has a peculiar
morphology and a high ornamental market potential. It has a rhizomatous
stem with two internodes on the rhizome (Barros et al., 2015). The
longest pseudobulb can exceed 30 cm in length, varying from three to five

internodes, with a cylindrical or thickened shape (Barros et al., 2015). The
leaves are elliptical or oblong, and each pseudobulb can bear two to three
leaves (Barros et al., 2015).

Despite the peculiar and appreciated morphology of orchids,
information regarding the role of hormonal interactions in determining
the identity and growth of plant orchid organs is incipient. Cytokinin and
gibberellin are primary regulators of plant development, playing a pivotal
role in the spatial and temporal development of plant tissues and organs
(Petiik et al., 2024). Gibberellin is involved in several physiological
processes in plants and has been linked to the regulation of plant height,
leaf expansion, stem elongation, and floral initiation (Wang and Wang,
2022). In addition to gibberellin, paclobutrazol (PBZ), a gibberellin
biosynthesis inhibitor, directly influences plant height, thereby reducing
plant growth and development (Desta and Amare 2021). Cytokinins,
in turn, induce multiple shoot formations under in vitro conditions
(Nowakowska et al., 2022). They also cooperate in breaking axillary bud
dormancy, mobilizing nutrients, chloroplast differentiation, responding to
biotic and abiotic stresses, and inhibiting the senescence (Wu et al. 2021).

Several studies have investigated the use of plant growth regulators
(PGRs) in the in vitro propagation of orchid species, including members
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of the genus Cattleya, such as C. gaskelliana (Hussien et al., 2024),
C. nobilior (Nunes et al., 2025), C. tigrina (Menezes-Sa et al., 2021),
C. warneri (Navarro et al., 2023), and C. walkeriana (Ramos et al.,
2024). In most of these reports, 6-benziladenine (BA) has been used
alone or in combination with other PGRs to induce shoot proliferation
(Nongdam and Tikendra, 2014; Navarro et al., 2023; Hussien et al.,
2024). However, only a limited number of these studies have examined
in detail the morphophysiological effects of PGRs and their interactions
on plant organ development. Nongdam and Tikendra (2014) highlighted
that the application of PGRs, whether individually, in combination, or at
varying concentrations, plays a critical role in inducing new shoots and
leaf formation. Similarly, Silva et al. (2020) emphasized the importance
of establishing a vigorous root system under in vitro conditions before
acclimatization. Given that orchids typically exhibit slow growth, and
the supplementation with exogenous PGRs can significantly enhance
their development (Varfolomeeva et al., 2021), elucidating how PGRs
influence the morphological patterns of C. guttata, particularly its
architecture, leaf morphology, and root development, may be helpful for
the successful establishment of in vitro culture systems for this species.

In the present study, we have evaluated the effects of BA,
gibberellic acid 3 (GA), and PBZ supplementation in the culture media
and their interactions on the development and architecture of C. guttata
in vitro seedlings to understand how the balance between cytokinin and
gibberellin modulates the peculiar morphological pattern observed in C.
guttata and in other orchid species.

Materials and methods

Plant material

Fruits of C. guttata were obtained through crosses performed on
mother plants of the same species. Before sowing, in a laminar flow
chamber, the capsules were immersed in 92% alcohol and, before
opening, were flamed. Using tweezers and a scalpel, the seeds were
removed from the capsule and transferred to a previously autoclaved
empty glass vial (125 x 55 mm). Then, sodium hypochlorite (NaClO)
(0.5%) was added to disinfect the seeds, which were then stirred for
15 minutes. The seeds were then strained using a paper strainer into
another vial, both of which were autoclaved. After this procedure, the
seeds were not washed. Subsequently, using autoclaved tweezers and
a spatula, the filter paper containing the seeds was placed on a sterile
Petri dish. Then, the seeds were inoculated in flasks (125 x 55 mm)
containing 40 mL of /2MS medium (Murashige and Skoog 1962), 30 g
L' of sucrose, and 1.5% of activated charcoal. The pH was adjusted to
5.7+ 0.1, and the mixture was solidified with 8 g L' bacteriological agar
(SIGMA®) before autoclaving at 121 °C and 1.1 atm for 20 minutes.
The flasks were stored in a growth room at 25 + 2 °C with a 16:8-hour
photoperiod (light-dark), provided by LED lamps with an irradiance of
50 pmol m2 s™!.
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In vitro growth conditions

After germination, 120-day-old seedlings were selected according to
their size (1 cm height) and transferred to MS medium, with the same
composition mentioned above, but supplemented with 4.44 umol L' BA
(BA), 2.89 pmol L' GA (GA), 0.85 umol L' PBZ (PBZ), 4.44 pmol L"!
BA + 2.89 umol L' GA (BA: GA), and 4.44 pmol L' BA + 0.85 pumol
L' PBZ (BA: PBZ). The control treatment consisted of culture medium
without PGRs. The culture conditions were the same as described in
paragraph Plant material.

Growth parameters

After 180 days of in vitro culture, the following parameters were
measured: number of buds per explant over 0.5 cm, number of roots
and leaves; longest root length (cm), fresh weight (g), dry weight (g);
length (cm), width (cm), area (cm?) of leaf, and ratio leaf length-to-width.
When the explant consisted of more than one shoot and/or seedling, the
number of roots, leaves, and root length were evaluated in the greatest
shoot/seedling. Leaf parameters were measured in the second pair of
leaves of the largest shoot/seedling of the explant. The morphometric
parameters, including length, width, and thickness, were obtained through
image analysis using ImageJ software, version 1.32j (Wayne Rasband,
National Institutes of Health, USA). To determine the total dry matter,
the plant material was placed in identified paper bags and dried in a
forced-air circulation oven at 60 °C until a constant weight was achieved.
Subsequently, they were weighed on an analytical balance to determine
their dry matter content.

Statistical Analyses

The experiment was conducted in a completely randomized design, with
six treatments (PGRs) and four replicates. Each replicate consisted of three
test tubes (150 x 20 mm), with one explant per tube. The experimental data
were subjected to the Shapiro-Wilk test to assess the normality assumption.
Subsequently, they were subjected to analysis of variance (ANOVA), and
the means when the F-test detected significant differences were compared
using Tukey’s test at a 5% probability level. Statistical analyses were
conducted using R Studio, version 4.3.2 (R Core Team, 2024). All evaluated
variables from C. guttata plants were subjected to Pearson correlation
matrix analysis at a significance level (p < 0.05). Data correlation analyses
were also performed using the RStudio statistical program.

Results

The PGR-treatments promoted significant changes in the morphology
and architecture of C. guttata seedlings (Fig. 1A). However, no significant
differences were observed in seedling height (data not shown). BA, alone
or combined with PBZ, increased the number of axillary buds to a similar
extent (Fig. 1B). Axillary buds in BA and BA: PBZ treatments were
70.19% and 78.17% higher than controls, respectively.
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Fig 1. Morphological and morphometric analysis of Cattleya guttata seedlings grown in MS medium supplemented with different plant
growth regulator treatments. Seedling morphology (A). Number of axillary buds (B). Number of roots (C). Root length (cm) (D). Fresh
weight (E). Means represented in each graph, followed by equal letters, do not differ at a 5% probability level using the Tukey test.
Abbreviations: BA, 6-benzyladenine; GA, gibberellic acid 3; PBZ, paclobutrazol. Bar = 1 cm.

The higher number of roots per shoot was scored when seedlings
were grown on media with no PGRs. When media were supplemented
with BA and GA (GA and BA: GA), shoots showed a significant
reduction in the number of roots compared to the control (Fig.
1C). In contrast, shoots grown on media supplemented with the
GA biosynthesis inhibitors (PBZ and BA: PBZ) showed a higher
number of roots, somewhat reduced compared to the control but not
significantly different from it (Fig. 1C). This trend was more or less
reflected in the length of the root and shoots grown on media added
with BA and PBZ (PBZ and BA: PBZ) provided greater root length,
not statistically different from the control (Fig. 1D). The PBZ: BA
treatment produced the highest fresh mass; the lowest fresh weight
was recorded for GA and BA: GA treatments (Fig. 1E). Dry mass
did not differ among treatments. The number, shape, and size of C.
guttata leaves were also affected by the PGR-treatments (Fig. 2A).
Treatments supplemented with GA (GA and BA: GA) showed a slight
reduction in the number of leaves compared to the control (Fig. 2B).
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PBZ supplementation provided an increase in leaf width (Fig. 2C), and
all PGR-treatments promoted a reduction in leaf length, in comparison
to the control (Fig. 2D). However, only PBZ treatments (PBZ and BA:
PBZ) showed changes in the length-width relationship of the leaves
(Fig. 2E), presenting leaves with a more rounded shape (Fig. 2A). Leaf
area was reduced in treatments supplemented with PGRs (Fig. 2F).
The Pearson correlation matrix enabled us to examine the
relationships among morphometric variables in C. guttata seedlings.
PBZ strongly influenced seedling morphology. Treatments
supplemented with BA and PBZ resulted in a negative correlation
between leaf width (LW) and the length-width ratio (LWR) (Fig. 3A),
indicating that the wider the leaves, the smaller the LWR. BA and PBZ
also significantly affected the number of leaves (NL) and the length-
to-width ratio (Fig. 3A). The lower the length-to-width ratio, the
higher the number of leaves in the seedlings. Conversely, treatments
supplemented with BA and BA: GA exhibited a positive correlation
between the number of buds (NB) and fresh weight (FW) (Fig. 3B).
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Fig 2. Leaf parameters of Cattleya guttata seedlings grown in
MS medium supplemented with different plant growth regulator
treatments. Leaf morphology (A). Number of leaves (B). Leaf
width (cm) (C). Leaf length (cm) (D). Leaf length-width ratio
(E) and leaf area (F). Means represented in each graph, followed
by equal letters, do not differ at a 5% probability level using the
Tukey test. Abbreviations: BA, 6-benzyladenine; GA, gibberellic
acid 3; PBZ, paclobutrazol. Bar = 0.5 cm.

Discussion

The supplementation of the culture medium with BA, GA, and PBZ
promoted significant morphological changes in Cattleya guttata seedlings.
Treatments supplemented with BA promoted a substantial increase in
axillary buds, altering the branching and architecture of the seedlings.
Cytokinins are essential for the formation and/or activation of buds and,
through a negative interaction with auxins, coordinate the development of
axillary buds in plants. Auxins inhibit cytokinin biosynthesis and suppress
axillary bud growth (Nordstrom et al., 2004). The BA-supplementation
altered the balance between auxins and cytokinins in aerial organs, due to
an increase in the concentration of cytokinins in these organs, promoting
the breakdown of apical dominance and, consequently, the activation of
axillary buds (Wu et al., 2021). Interestingly, the association between BA
and PBZ (BA: PBZ) significantly enhanced axillary bud proliferation.
PBZ is a PGR that directly influences the hormonal content of plants,
significantly increasing cytokinin levels while reducing gibberellin
content (Castro-Camba et al., 2022).

On the other hand, the interaction between BA and GA (BA: GA) did
not promote an increase in the number of axillary buds. Gibberellin is a
negative regulator of cytokinin responses in many plants developmental
processes (Fleishon et al., 2011; Rocha et al., 2025). Gibberellin
significantly affects cytokinin metabolism and can control some of its
actions. Additionally, gibberellin can stimulate auxin synthesis, inhibiting
the role of cytokinins in axillary bud activation (Nordstrom et al., 2004).
In Bulbophyllum leopardinum, gibberellin combined with cytokinins also
inhibited the proliferation of new shoots. The use of cytokinin alone was
the most suitable for bud induction in this species (Thapa et al., 2024).

BA inhibited root proliferation and elongation in C. gutfata.
Cytokinins are known to be a negative regulator of root development.
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Fig 3. Pearson correlation analysis. Correlation among the
growth parameters of the BA, PBZ, and BA: PBZ treatments
(A) and BA, GA, and BA: GA (B). Growth parameters:
number of buds (NB), number of roots (NR), root length
(RL), number of leaves (NL), fresh weight (FW), dry weight
(DW), leaf length (LL), leaf width (LW), leaf area (LA),
and leaf length-to-width ratio (LWR). Abbreviations: BA,
6-benzyladenine; GA, gibberellic acid 3; PBZ, paclobutrazol.

Although it is biosynthesized in this organ and is essential in the early
stages of root formation (Svolacchia and Sabatini, 2023; Zhao et al., 2024),
cytokinins can inhibit the development of this organ (Ivanov and Filin,
2018), as observed here. Similarly, gibberellin also negatively regulated
root growth in C. guttata, as evidenced by the GA treatments (GA;
BA:GA), which showed a reduction in the number and length of roots.
In contrast, the application of the gibberellin biosynthesis inhibitor (PBZ)
did not alter these parameters compared to the control. In the literature,
gibberellin plays a controversial role in root system development. While
some authors have reported the benefit of gibberellin to promote root
formation (Rizza et al., 2017), GAs have also been associated with root
inhibition (Silva et al., 2020; Rocha et al., 2025), including in Cattleya
loddigesii (Aratjo et al., 2015), another orchid species. These contrasting
results suggest that the effects of gibberellin on root system architecture
are species-dependent (Silva et al., 2020) and that, in orchids, gibberellin
may negatively regulate root development. However, further studies in
other species within this family are necessary to confirm this hypothesis.
In the present study, PBZ significantly affected plant architecture for
most leaf variables. Its use increased the number and width of leaves and
reduced the length-width ratio, resulting in more rounded leaves. This can
be explained by the inhibitory role of PBZ in gibberellin biosynthesis.
Increased leaf width and reduction in the length-width ratio are conserved
and commonly observed responses after PBZ application (Medeiros et al.,
2024; Rocha et al., 2025). According to Sprangers et al. (2020), gibberellin
positively affects proximal-distal, lateral, and dorsoventral leaf growth.
However, gibberellin also stimulates longitudinal growth rates, increasing
cell expansion anisotropy in the growing zone during leaf formation
and consequently suppressing lateral and dorsoventral expansion of this
organ. Our findings suggest that blocking GA biosynthesis through PBZ
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application reduces cell expansion anisotropy, favoring leaf roundness.
Indeed, leaf width and the length-width ratio exhibited a significant
negative correlation in treatments supplemented with PBZ, indicating that
plants treated with this growth regulator tend to develop more rounded
leaves. This pattern has also been reported in ornamental pineapple
seedlings (T¢éllez et al., 2020), demonstrating its influence in modulating
leaf morphology.

In summary, we demonstrate that gibberellin functions as a
central regulator of leaf morphology, modulating both size and shape.
In contrast, cytokinin promotes the release of axillary buds, thereby
altering the architectural pattern of C. guttata seedlings. Nonetheless,
this morphogenic effect of cytokinin is antagonistically regulated by
gibberellin. Furthermore, both cytokinin and gibberellin exert inhibitory
effects on root initiation and elongation, highlighting their dual roles in
shoot proliferation and root development. Our results can contribute to
understanding how hormonal interactions may control the morphogenesis
of C. guttata seedlings grown in vitro.

Conclusions

- Cytokinin supplementation, in the absence of gibberellin, induces
the activation of axillary buds.

- Gibberellin negatively regulates cytokinin in the induction of
multiple shoots.

- Cytokinin and gibberellin negatively regulate rooting and root
elongation in C. guttata.

- Gibberellin plays a fundamental role in determining the size and
shape of C. guttata leaves.
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