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Abstract

The genus Oncidium Sw., one of the largest in the Orchidaceae family, comprises 315 species, 94 of which are native to Brazil. The trade of native
orchids through extractivism, combined with habitat destruction, poses a significant threat to biodiversity and has led to the extinction of several
species. Cryotechnology has emerged as a crucial tool in the conservation of plant genetic resources, particularly through cryopreservation. This
study aimed to evaluate the effects of different cryoprotectant solutions on the viability of Oncidium baueri Lindley pollinia after cryopreservation in
liquid nitrogen. Two control groups and seven treatments were tested: C1 — freshly collected pollinia used immediately for pollination; C2 — pollinia
cryopreserved without cryoprotectants; T1 —2 M glycerol; T2 — 2 M glycerol + 0.4 M sucrose; T3 — 0.4 M sucrose; T4 — PVS1; TS — PVS2; T6 — PVS2
+ 1% phloroglucinol; and T7 — PVS3. The experimental design was completely randomized, with 10 repetitions of 10 pollinated flowers per treatment.
Pollinia used immediately (C1) achieved 83% capsule formation. PVS2 (T5) demonstrated the highest recovery rate (82%), significantly outperforming
C2, T1, T4, T6, and T7, which formed capsules at rates of 11%, 3%, 63%, 62%, and 63%, respectively. Pollinia in T2 and T3 did not survive. These
findings suggest that PVS2 is the most effective cryoprotectant for the conservation of O. baueri pollinia, contributing to improved strategies for orchid
preservation
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Resumo

O género Oncidium Sw., um dos maiores da familia Orchidaceae, compreende 315 espécies, das quais 94 sdo nativas do Brasil. As orquideas nativas sdo
frequentemente comercializadas por meio do extrativismo, o que, combinado com a destruigdo de habitats, ameaca a biodiversidade e ja levou a extin¢ao
de algumas espécies. A criotecnologia surgiu como uma ferramenta vital para a conservagdo de recursos genéticos vegetais por meio da criopreservagao.
Este estudo avaliou o efeito de diferentes solugdes crioprotetoras na viabilidade de polinos de Oncidium baueri Lindley apds imersdo em nitrogénio
liquido. Foram testados dois controles ¢ sete tratamentos: C1 — polinos coletados e usados imediatamente para polinizagdo; C2 — polinos criopreservados
sem crioprotetores; T1 —2 M de glicerol; T2 — 2 M de glicerol + 0,4 M de sacarose; T3 — 0,4 M de sacarose; T4 — PVS1; T5 — PVS2; T6 — PVS2 + 1%
de floroglucinol; e T7 — PVS3. O delineamento experimental foi inteiramente randomizado, com 10 repeti¢des de 10 flores polinizadas por tratamento.
Polinos usados imediatamente (C1) atingiram 83% de formagao de capsulas. PVS2 (TS5) apresentou a melhor taxa de recuperagio (82%), superando
significativamente C2, T1, T4, T6 e T7, que formaram capsulas em taxas de 11%, 3%, 63%, 62% ¢ 63%, respectivamente. Polinos nos tratamentos
T2 e T3 ndo sobreviveram. Estes resultados destacam o PVS2 como a solugdo crioprotetora mais eficaz para a conservagao de polinos de O. baueri,
contribuindo para estratégias aprimoradas de preservagio de orquideas.

Palavras-chave: criotecnologia, Orchidaceae, polen, vitrificagdo.

Introduction

The Orchidaceae family is one of the largest plant families in terms
of species diversity, with a global distribution that makes it the largest
group among angiosperms, encompassing an estimated 20,000 to 35,000
species (Timsina et al., 2021; Wang et al., 2024). Orchids occur in nearly
all ecosystems, except in polar regions, with their greatest diversity
found in tropical and subtropical zones. In Brazil, approximately 10% of
orchid species are recorded (Besi et al., 2019). This wide geographical
distribution is likely facilitated by the dispersal of their small seeds over
long distances (Hedrén et al., 2021).

The genus Oncidium Sw., one of the largest in the Orchidaceae
family, comprises 315 species, 94 of which are native to Brazil. Among
these, Oncidium baueri is notable for its significant ornamental potential
in landscaping and the cut flower industry. The trade in native orchids
initially relied on extractive practices, which, combined with habitat
destruction driven by urbanization and agricultural expansion, led many
species to the brink of extinction (Hussain Mir et al., 2020). Furthermore,
Oncidium baueri is classified as a threatened species, which further
underscores the urgent need for conservation strategies (Khapugin, 2020).

In recent years, cryotechnology has gained prominence as an
alternative for preserving plant species, particularly through the

cryopreservation of seeds and other plant materials, such as embryos,
pollen, tissues, and cells. This technique involves storing plant structures
at ultra-low temperatures, significantly reducing cellular metabolism, thus
enabling the indefinite preservation of these structures and facilitating
their recovery upon thawing, typically using liquid nitrogen at -196 °C
(De Paula et al., 2020; Dinato et al., 2020).

Among the techniques employed in plant cryopreservation, controlled
cooling rates, vitrification, encapsulation, dehydration, and dormant bud
preservation stand out. Vitrification, in particular, has shown considerable
promise in mitigating the stress caused by cryopreservation, especially for
seeds (Azad et al., 2024; Hagedorn et al., 2023).

Cryoprotectants play a crucial role in protecting cells and tissues
during the cooling process, preventing damage during freezing and
thawing. These compounds, known as cryoprotective agents (CPAs),
are essential for successful cryopreservation. Nevertheless, despite their
widespread use, the mechanisms underlying their protective effects,
toxicity, and influence on cellular metabolism remain insufficiently
understood, particularly in orchids (Jaiswal and Vagga, 2022; Ferrari et
al., 2020).

Recent studies have explored various cryopreservation techniques
for orchids, including species from the Oncidium genus. Galdiano Junior
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et al. (2013) reported the successful cryopreservation of Oncidium
Aexuosum seeds, emphasizing the importance of vitrification protocols for
seed conservation. More recently, Linjikao et al. (2024) investigated the
cryopreservation of Epipactis flava seeds, testing different cryoprotectants
and finding that PVS2 significantly improved post-thaw viability.

Pollen storage in liquid nitrogen has been considered a valuable tool
for plant breeders, facilitating genetic improvement and conservation.
Pollen storage enables genetic crosses between plants that flower in
different seasons. Germplasm banks offer significant advantages, such
as simplifying the search for materials for new crossings, conserving
genetic diversity in a compact space, and reducing costs. Additionally, this
approach allows for crosses between plants flowering at different times or
growing in geographically distant locations (Dinato et al., 2020).

The aim of this study is to evaluate the effectiveness of cryoprotectants
in the cryopreservation of pollinia from the Brazilian orchid Oncidium
baueri Lindley in liquid nitrogen, focusing on capsule formation and seed
viability post-thaw.

Material and Methods

The experiment was carried out at the Center for Agricultural Sciences
of Londrina State University (Universidade Estadual de Londrina - UEL),
Parana, Brazil (23° 23’ S, 51° 11’ W), at an average altitude of 566 meters,
between November 2020 and May 2021. The region’s climate is classified
as Cfa (humid subtropical) according to the Koppen climate classification.

The experiment was conducted on a suspended bench in a nursery,
covered with a black polypropylene mesh that filtered 70% of the light
intensity. Irrigation was performed once daily in the afternoon for 10
minutes. The orchid species used in the study was Oncidium baueri Lindl.,
which was obtained via in vitro cloning. Flowering plants were selected,
and pollinia were collected from fully opened flowers for immediate use
in the experimental setup. Ten pollinia were desiccated in a greenhouse at
105 °C for 24 hours to determine the moisture content, according to the
methods outlined by BRASIL (2009).

The study included two control groups and seven experimental
treatments. For each group or treatment, 10 replicates were established,
with each replicate defined as one pot. Within each pot, 10 flowers were
pollinated, resulting in a total of 100 pollinated flowers per treatment. In
control group 1 (C1), pollinia were collected and immediately used to
pollinate another flower. In control group 2 (C2), pollinia were immersed
in liquid nitrogen without the addition of cryoprotectants. The treatments
involved exposing pollinia to various cryoprotectant solutions before
immersion in liquid nitrogen: T1 - 2 M glycerol; T2 - 2 M glycerol + 0.4 M
sucrose; T3 - 0.4 M sucrose; T4 - PVS1 (Plant Vitrification Solution 1); T5

- PVS2 (Plant Vitrification Solution 2); T6 - PVS2 + 1% phloroglucinol;
and T7 - PVS3 (Plant Vitrification Solution 3). For each treatment, pollinia
were placed in cryotubes with 2 mL of the corresponding solution. The
solutions for T1, T2, and T3 were maintained at 25° C for 20 minutes,
while T4, T5, T6, and T7 were exposed to an ice bath at 0 °C for 10
minutes.

The PSV for cryoprotectant solutions were prepared as follows:
PVSI1 contained 19% glycerol (v/v), 13% ethylene glycol (v/v), 6%
dimethyl sulfoxide (DMSO) (v/v), and 0.5M sorbitol in MS medium.
PVS2 contained 30% glycerol (v/v), 15% ethylene glycol (v/v), and 15%
DMSO (v/v) in a half-strength MS medium with 0.4 M sucrose (pH 5.7)
(Sakai et al., 1990). PVS3 was composed of 50% glycerol (v/v) and 50%
sucrose (v/v) in distilled water (Nishizawa et al., 1993).

After treatment, the cryotubes were stored in liquid nitrogen at -196
°C for 48 hours. Pollinia were then thawed in a water bath at 40 °C for
90 seconds. The cryoprotectant solutions were removed, and the pollinia
were washed three times with autoclaved water under laminar flow. Each
pollinium was then used to pollinate a single flower. Anthesis-stage plants
were emasculated prior to artificial pollination, as described by Faria
et al. (2015). Capsule formation and seed viability were evaluated 180
days after pollination, with all plants kept in a greenhouse during the
experiment.

Seed viability was assessed using the tetrazolium test. Seeds were
hydrated in distilled water for 24 hours at 25 °C, followed by immersion in
a 1% tetrazolium solution for 24 hours at 30 °C. Viability was determined
using a stereoscopic magnifying glass and Motic Images Plus 2.0ML
software. Seed moisture content was measured as described previously.

The experimental design was completely randomized with two
control groups, seven treatments, and ten replicates, each consisting of
ten randomly pollinated flowers. Capsule formation data were analyzed
using general linear models with a binomial distribution. Analysis of
variance (ANOVA) was performed, followed by Tukey’s test for mean
comparisons. Seed viability percentages were analyzed using Tukey’s
variance test

Results and Discussion

The O. baueri pollinia exhibited an initial moisture content of 9.8%
prior to treatment with cryoprotectants. Survival of the pollinia was
assessed through stigma closure and withering observed three days after
pollination. Pollinia treated with the PVS2 solution (T5) demonstrated
the highest success rate in capsule formation, achieving a survival rate
of 82.0% (82 capsules), which was statistically comparable to Control 1
(C1), with a survival rate of 83.0% (83 capsules) (Fig. 1).
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Fig. 1. Pollinia Oncidium baueri survival level determined through the formation of capsules after the pollination
with pollinia treated with cryoprotectant solutions 180 days after pollination. C1 — pollinia used immediately to pollinate another flower;
C2 — without cryoprotectant; T1 - glycerol 2 M; T4 — PVS1; TS - PVS2; T6 - PVS2 + 1% of phloroglucinol; T7 — PVS3. The treatments T2 glycerol 2
M + sucrose 0.4 M and T3 - sucrose 0.4 M, did not survive. Average followed by the same letters did not differ among themselves by the Tukey test.
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The survival percentages of pollinia treated with T4, T6, and T7
differed statistically from Control 1 (C1), showing survival rates of 63.0%
(63 capsules), 62.0% (62 capsules), and 63.0% (63 capsules), respectively.
These treatments exhibited higher survival rates compared to C2, T1, T2,
and T3, which demonstrated survival percentages of 11.0%, 3.0%, 0.0%,
and 0.0%, respectively. Notably, pollinia subjected to T2 and T3 did not
survive the cryopreservation process. For O. baueri, the highest viability
of pollinia was observed in T5 (PVS2), which significantly outperformed
all other tested solutions.

Treatments containing PVS solutions (T4, TS, T6, and T7) achieved
greater pollinia survival rates post-thaw compared to treatments lacking
PVS-based cryoprotectants. In commercial D. nobile cultivation,
germination rates of approximately 75% are considered satisfactory,
regardless of the cultivar or type of pollination used (Sorgato et al., 2015).

More recent studies have provided insights into the protective
mechanisms of cryoprotectants. For example, Nagel et al. (2024)
demonstrated that the combination of intracellular and extracellular
cryoprotectants  significantly reduced ice formation and preserved
cellular integrity during cryopreservation. Common examples include
glycerol, DMSO, and ethylene glycol. Extracellular cryoprotectants, such
as sucrose and other macromolecules, reduce ice formation, facilitate
cellular dehydration, and protect cell membranes.

The PVS2 solution has continued to be a critical component in
cryopreservation techniques. Recent studies by Linjikao et al. (2024)

o

confirm that PVS2’s combination of glycerol, sucrose, and other
cryoprotectants leads to improved survival rates across a variety of plant
species, including orchids. This mixture has been widely reported as
effective for seed cryopreservation.

Recent review Kaur (2019) highlights that combining intracellular
and extracellular cryoprotectants enhances dehydration tolerance and
minimizes cell damage during cryopreservation of plant tissues PVS2
is a key component in vitrification protocols, transitioning water from a
liquid to an amorphous solid state, thereby preventing the formation of ice
crystals that can disrupt cellular membranes during thawing.

For O. baueri, the concentrations of components used in the
cryoprotectant solutions were critical to the observed outcomes.
Treatments T1, T2, and T3, containing 2 M glycerol and 0.4 M sucrose,
were unsuccessful in recovering seeds post-thaw. Conversely, treatment
T7 (PVS3), with higher concentrations of 5.4M glycerol and 1.5M sucrose,
resulted in significantly higher germination percentages compared to T1,
T2, and T3. Sakai et al. (1996) highlighted the lower toxicity of glycerol
and sucrose, which negates the possibility of cryoprotectant-induced
toxicity in pollinia and supports the notion that lower concentrations may
have prevented adequate cellular dehydration.

All capsules were collected at the same time (Fig. 2). The capsules
formed by O. baueri were oval, free of diseases or pest damage, and
exhibited a homogeneous light-green color. They were fully intact,
measuring 5.2 + 0.3 cm in length and 1.9 £ 0.2 cm in diameter.
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Fig. 2. A — Detail of the flower and of pollinia of Oncidium baueri; B — Photo with a stereoscopic magnifying glass of
pollinia from O. baueri orchid; C — Capsules formed after the pollination with cryopreserved pollinia after 180 days.

The seeds from capsules formed from pollinated flowers with pollinia
treated with different cryoprotectants solutions did not show significant
statically difference among themselves about their viability. The capsules
formed in treatment T1 were aborted by the plants (Fig. 3).
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The seeds, when observed by the stereoscopic magnifying glass,
contained well-formed embryos and was possible analyzed the viability
by the red color obtained through the test of tetrazolium (Fig. 4). The
humidity level was 5.12% previously to the test.
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Fig. 3. Viability of seeds from capsules formed by artificial pollination using Oncidium baueri pollinia treated with different cryoprotectant solutions.
* C1 - pollinia used immediately to pollinate another flower; C2 — without cryoprotectant; T4 — PVS1; TS - PVS2; T6 - PVS2 + 1% of
phloroglucinol; T7 — PVS3. The treatments T1 - glycerol 2 M; T2 - glycerol 2 M + sucrose 0.4 M; T3 - sucrose 0.4 M; did not survive. The average
followed by the same letters did not differ among themselves by the Tukey test.

Source: the author.

Fig. 4. Survived embryos from Oncidium baueri seeds of capsules formed by pollinia treated with PVS2 submitted to the cryopreservation
determined through the tetrazolium test. A — Viable embryos. B — Unviable embryos. C — Empty seeds.

Conclusions

The cryopreservation of O. baueri pollinia in liquid nitrogen is not
viable without the use of cryoprotectant solutions, as there is no survival
of the pollinia. The use of the PVS2 solution alone resulted in a survival
rate of 82.0%, demonstrating its effectiveness for the conservation of this
species
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