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Abstract: Ornamental species exhibit variability in seed size, shape, color, and reserve tissue composition. These variations often affect seed germination
and seedling development. Proper seed storage is essential for maintaining seed quality. Although seed quality is not improved during storage, seeds
can be preserved under favorable conditions. The objective of this study was to assess the effects of storage temperature and period on the germination
of Alpinia purpurata seeds. The experiment was conducted in a germinator and in a greenhouse, using a completely randomized design with four
replications, in a 2x3 factorial arrangement consisting of two temperature conditions (ambient temperature at 25 °C; refrigeration temperature at 5 °C)
and three storage periods [zero (control), 30, and 60 days]; each experimental unit consisted of 25 seeds. The evaluated variables were seed moisture
content, percentages of germination and emergence, germination speed index, mean germination and emergence times, and seedling characteristics
(shoot and root lengths and number of leaves). The results showed that the storage period negatively affected germination and the emergence and
development of A. purpurata seedlings.
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Resumo: Sementes de espécies ornamentais apresentam variabilidade no tamanho, forma, cor e composi¢do dos tecidos de reserva. Essas variagdes,
muitas vezes, influenciam diretamente no processo de germinago e, nas etapas da produgéo de mudas. O armazenamento adequado também desempenha
um papel fundamental na qualidade das sementes, no entanto, a qualidade ndo pode ser melhorada durante o armazenamento, mas pode ser preservada
quando as condigdes de conservagdo sdo favoraveis. Objetivou-se com este estudo avaliar os efeitos da temperatura e do tempo de armazenamento
na germinagdo das sementes de Alpinia purpurata. O experimento foi conduzido em germinador e casa de vegetagdo. Delineamento inteiramente
casualizado em um esquema fatorial 2x3, duas condi¢des de temperaturas (ambiente e refrigerado) e trés periodos de armazenamento (controle, 30 e
60 dias) com quatro repeticdes com 25 sementes por unidade experimental. As variaveis avaliadas foram o teor de agua, porcentagem de germinagao e
emergéncia, indice de velocidade de germinagao, tempo médio de germinagao e de emergéncia. E as caracteristicas da plantula tais como comprimento
da parte aérea e da raiz e niimero de folhas e didmetro foram avaliados. Os resultados revelaram que o tempo de armazenamento das sementes

influenciaram negativamente na germinagao, emergéncia e desenvolvimento de plantulas de A. purpurata.
Palavras-chave: Alpinia purpurata, floricultura, temperatura, tolerancia a dessecagao.

Introduction

Floriculture is a significant economic activity in Brazil, continuously
growing and expanding across the country (Souza et al., 2020). In
this sense, various plant species have been identified with ornamental
potential for cut flower production, including Alpinia purpurata
(Zingiberaceae), known as red ginger. This species is recognized
worldwide for its lush inflorescences, long vase life, and continuous
blooming, making it highly valued in flower markets (Franga et al.,
2019). The inflorescences of this species are characterized by a terminal
spike shape, reaching up to 30 cm in length, composed of brightly
colored bracts ranging from red to pink and tubular flowers attached to
the inflorescence peduncle (Franga et al., 2020).

Seeds of ornamental plants produced through sexual propagation
exhibit variability in size, shape, dormancy, color, and reserve tissue
composition. These variations generally affect the germination process
and several stages of seedling production (Senar, 2018). Although seed
propagation offers the advantage of producing a large number of seedlings,
obtaining high-quality seeds for ornamental plants is often costly and
limited to a few companies (Senar, 2018). Additionally, the variability in
seed quality results in different responses to the germination environment,
hindering seedling uniformity and increasing cultivation costs (Cardoso and
Vendrame, 2022). This highlights the importance of investigating methods
that optimize seed germination and seedling development, focusing on
improving production efficiency and supporting breeding programs that
depend on genetic variability and availability of viable seeds.

Deterioration during storage is another crucial aspect that affects
seed germination and viability, influenced by seed chemical composition,
seed coat structure, reserve quantity, and abiotic variables, including
temperature and humidity (Rosa et al., 2023; Guariz et al., 2022). Seeds of
perennial tropical species such as A. purpurata are classified as recalcitrant,
as they have exhibit moisture content and are not desiccation-resistant,
challenging long-term storage (Roberts, 1973). This characteristic,
combined with seed variability, poses challenges to obtaining uniform
seedlings, increasing costs and impacting production efficiency.

Therefore, identifying optimal seed storage conditions, including
temperature and seed moisture content, is essential to preserve seed
viability and minimize the incidence of fungi and other microorganisms
during storage (Santos et al., 2022; Bianchini et al., 2021). In this context,
the objective of this study was to assess the effects of storage conditions
in terms of temperature and storage period on the germination of Alpinia
purpurata seeds, thus contributing to the advancement of breeding
programs and the efficiency of seedling production for this ornamental
species.

Material and Methods

Study area and plant material

The study was conducted at the experimental area of the State
University of Mato Grosso (UNEMAT), in Tangara da Serra, Mato Grosso
(MT), Brazil (14°39°S, 57°25°W, and altitude of 321 meters), using seeds
from Alpinia purpurata plants from an active germplasm bank of tropical
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flowers. The region’s climate is tropical, with a dry season from May to
September and a rainy season from October to April. The mean annual
rainfall depth is 1,830 mm (Dallacort et al., 2011).

Seeds were produced from September to November 2022 through
manual cross- pollination between the cultivars Kimi (donor) and Jungle

King (recepient) 4. purpurata cultivars. After pollination, inflorescences
were protected with organza bags to prevent contamination by external
pollinators. Fruits were harvested 70 days after pollination, at which point
they were considered mature based on their purple coloration and the
change in seed color from white to brown (Fig. 1A and B).

Seeds were manually extracted and washed in running water to
remove mucilage and part of the aril, followed by drying at ambient
temperature for 24 hours before storage and evaluation. Seed moisture
content was assessed by weighing the samples on a precision balance and
drying them in an oven at 105 °C for 24 hours, following the Regras Para
Andalise de Sementes of Brazil (Rules for Seed Analysis) (Brasil, 2009).

After drying at ambient temperature for 24 hours, the seeds were
processed, divided into equal portions to ensure each lot contained the
same quantity of seeds, and packaged in kraft paper bags. The seeds had
moisture content of 24.4% at the time of storage. Some seed samples were
stored under ambient temperature (25 °C) and others were refrigerated
(5 °C) for 30 and 60 days, according to the experimental treatments.

Seed germination and seedling emergence tests

Germination was assessed by placing the seeds on a paper towel
moistened with distilled water at a ratio of 2.5 times the weight of the
dry paper (Brasil, 2009). Four 25-seed replications were maintained in a
germinator chamber (Mangelsdorf model) set to a temperature of 25 °C
and a 12-hour photoperiod. Germinated seeds were counted daily for 30
days to determine the germination speed index, as described by Maguire
(1962). The number of normal seedlings was counted after 30 days;
normal seedlings were defined as those with well-developed root systems
and shoots, with primary green leaves, as described in Brasil (2009).

Seedling emergence was determined using four 25-seed replications
sown in 23x16x4 cm trays containing a commercial substrate composed of
peat moss, perlite, vermiculite, and dolomitic limestone; the substrate was
moistened to 70% of field capacity. The trays were placed in a greenhouse
with 50% shade. They were irrigated using overhead sprinklers, with three
one-minute intervals in the morning and three two-minute intervals in the
afternoon to maintain substrate moisture.

Seedling emergence was monitored daily for 60 days after sowing
(DAS) to calculate the emergence speed index (Maguire, 1962). The daily
number of emerged seedlings in each replication was summed and divided
by the number of days since sowing. The number of emerged seedlings was
used to determine the percentage of emergence, and the mean emergence
time was assessed (Labouriau, 1983). Normal seedlings were measured at
60 DAS for shoot and root lengths (cm) and number of leaves.

The experiment was conducted in a completely randomized design
with four replications, using a 2x3 factorial arrangement consisting of two
temperature conditions (ambient temperature at 25 °C; and refrigeration
temperature at 5 °C) and three storage periods [zero (control), 30, and 60
days]; each experimental unit consisted of 25 seeds.

The obtained data were evaluated for normality using the Shapiro-
Wilk test at a 5% significance level and met the assumptions for analysis
of variance. Analysis of variance was conducted based on the significance
of the F-test, and means were compared using the Tukey’s test at 5%
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significance level. All statistical analyses were performed using the
Sisvar® software (Ferreira, 2011).

Results and Discussions

Analysis of variance showed that only the storage period had a
significant effect on seed germination. Storage of Alpinia purpurata
seeds resulted in reductions in seed moisture content compared to non-
stored seeds (Fig. 2). The moisture reduction during storage is a crucial
factor, as it is directly connected to the maintenance of seed viability.
Seeds with low moisture content have low metabolic activity, which can
contribute to the preservation of their germination capacity. However,
the critical point at which moisture loss could compromise seed viability
should be investigated, mainly in the case of recalcitrant seeds (Cécel
and Barbedo, 2023).
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Fig. 2. Moisture content in Alpinia purpurata seeds stored for zero
(control), 30, and 60 days in kraft paper bags.

Storage conditions, species-specific characteristics, and the chemical
composition of seed reserves directly affect the preservation period of
seed physiological quality, i.e., seed deterioration rate (Ohse, 2022),
particularly for recalcitrant seeds, such 4. purpurata seeds. Assessing seed
longevity is important to identify the period during which seeds can be
stored and remain viable under controlled environmental conditions (Vitis
et al., 2020). A study on Alpinia malaccensis showed that seed moisture
content reached up to 35% and recommended further investigations to
determine seed viability after storage (Rival et al., 2015).

Considering that moisture content is a limiting factor for seed
germination and seedling stability in the field, water availability is a
determinant of plant distribution within ecosystems (Leal et al., 2020;
Rodrigues et al., 2019). A. purpurata seeds stored for 30 and 60 days
exhibited a significant decrease in germination percentage, at 48% and
28.5%, respectively, compared to the control (Fig. 3A). This reduction
may be attributed to moisture loss, indicating a desiccation intolerance
in the seeds.
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Fig. 3. Germination percentage, mean germination time (A), and germination speed index (B) of Alpinia purpurata seeds stored under different
temperature conditions for zero (control), 30, and 60 days.

Furthermore, the longer storage period negatively affected seed
viability, resulting in a higher number of ungerminated seeds and
abnormal seedlings (Table 1).

Germination is a complex process that transform a quiescent embryo
into a metabolically active organism that develops well-differentiated

tissues, essential for establishing a healthy seedling (Nautiyal et al.,
2023). The successful germination of 4. purpurata seeds directly depends
on the efficient activation of these metabolic processes, which can be
compromised by prolonged storage periods that reduce seed moisture
content and, consequently, negatively affect seedling development.

Table 1. Mean and standard deviation of germination and seedling emergence percentages of Alpinia purpurata seeds.

Germination Emergence
]s)t?r]:gc;f Normal seedlings I::er:ﬁirrr::;l Ungerminated seeds ~ Normal seedlings /::;(E:;l Ungerminated seeds
0 21.00 £ 2.58° 0.00¢ 3.75+£2.75¢ 22.5+1.29° 1.25+£1.5° 1.25+£0.5¢
30 5.00 + 0.40° 7.00 +1.22* 13.00 + 1.47° 10.87 £2.92° 4.62+1.77* 7.62 £2.49°
60 4.00 £ 1.08° 2.62 +0.85° 17.75 £ 1.55* 4.12£2.28° 6.25 £ 1.65° 14.62 £ 0.85°

Means followed by the same letter in the columns are not significantly different from each other by the Tukey’s test at a 5% significance level.

The mean germination time found for the control treatment was of 21
days, significantly shorter compared to seeds stored for 30 and 60 days,
which had means of 27 and 26 days, respectively, with no significant
difference between them (Fig. 3A). This delay in the germination of
stored seeds may be attributed to physiological changes during the
storage period. The storage of recalcitrant seeds, such as 4. purpurata,
can result in changes in metabolism, such as reduced cellular respiration
and mobilization of energy reserves, which are essential for germination
(Berjak and Pammenter, 2013). Additionally, non-stored seeds showed
higher germination speed indices and better seedling establishment (Figure
3B), indicating that seed freshness is crucial for optimal performance.

Seeds of Elettaria cardamomum, also from the family Zingiberaceae,
have required treatments to overcome dormancy, including the use
of mechanical, physical, and chemical methods, to reach up to 90%
germination (Dahanayake, 2014). This reinforces the diversity of
germination responses in Zingiberaceae species and highlights the
importance of understanding the specific factors affecting germination for
each species.
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According to the analysis of variance, the percentage of emergence
and the emergence speed index were significantly affected by the
factors (storage period and temperature). Mean germination time and
the establishment of normal seedlings were significantly affected by the
storage period factor. The high moisture content in freshly harvested seeds
and the intolerance to storage observed in A. purpurata seeds reinforce
their recalcitrant nature. These results are consistent with the descriptions
by Medeiros and Eira (2006), who highlighted that recalcitrant seeds do
not tolerate moisture losses below critical levels (generally between 15%
and 50%) and are sensitive to storage temperatures below 15 °C (Rossetti
et al., 2023).

The percentage of seedling emergence under greenhouse conditions
was 90% for non-stored seeds (Fig. 4A). However, this percentage
decreased to 51% and 30% after 30 and 60 days of storage at ambient
temperature, respectively (Fig. 4A). The mean germination time in
the control treatment was 38 days (Fig. 4A), indicating that prolonged
storage significantly impacts seed viability and vigor, and consequently,
successful seedling establishment.
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Fig. 4. Percentage of seedling emergence, mean emergence time (A), and emergence speed index (B) of Alpinia purpurata seeds stored under
different temperature conditions for zero (control), 30, and 60 days.

Stored seeds showed a mean germination time of 49 and 52 days for
the 30- and 60-day storage periods, respectively (Fig. 4A). Contrastingly,
non-stored seeds exhibited higher emergence speed indices and more
efficient seedling establishment (Fig. 4B). Fresh A. purpurata seeds
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had greater viability, yielding a significantly higher number of normal
seedlings (Table 1), indicating that sowing freshly harvested seeds is
essential for maximizing seedling production efficiency.
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Storage negatively impacted seedling development, resulting in
increased percentages of abnormal seedlings and ungerminated seeds
(Table 1). This directly compromises seedling quality and can reduce
successful plant establishment in the field. Abnormal seedlings tend to
have lower vigor and reduced ability to compete with weeds and adapt
to adverse conditions, potentially resulting in lower survival rates (Reed
etal., 2022).

Seedlings from control seeds exhibited better shoot and root
development than those from seeds stored for 30 and 60 days (Fig. 5).

Stored seeds resulted in seedlings with reduced vigor and fewer leaves
compared to control seeds (Fig. 5). A low number of leaves reduces
the available leaf area for light capture, limiting photosynthesis and,
consequently, the production of essential carbohydrates needed for root
and shoot growth. Moreover, a low quantity of leaves is associated with
low vigor, which negatively affects seedling growth and adaptation to the
field. The limited root development observed in seedlings from stored
seeds compromised water and nutrient absorption, reducing plant vigor
and their potential for successful establishment under field conditions.
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Fig. 5. Shoot and root lengths and number of leaves in Alpinia purpurata seedlings from seeds stored for zero (control), 30, and 60 days.

The results of the present study showed that not only storage period
and environmental conditions, but also the substrate used significantly
impacted the development of A. purpurata seedlings. Seedling vigor and
root development were directly affected, highlighting the importance of
considering not only water availability, temperature, and light, but also the
suitability of the substrate to optimize germination and subsequent plant
growth (Silva et al., 2024). A study on Alpinia malaccensis showed that
the use of alternative substrates, such as charcoal and rice husks, resulted
in radicle growth up to 14 cm, denoting the positive impact of adequate
substrates on root development (Rival et al., 2015). This highlights
the importance of investigating alternative substrates to promote the
development of healthy and vigorous 4. purpurata seedlings.

Conclusions

Storage of Alpinia purpurata seeds under refrigeration resulted
in a higher germination percentage compared to storage at ambient
temperature. However, seeds stored for 30 and 60 days resulted in less
seedling development than control seeds (zero days of storage), indicating
that prolonged storage periods negatively affect seedling vigor.

Although seedling development decreased, storage did not completely
inhibit the germination potential of A. purpurata seeds, indicating that
while seedling vigor and growth were compromised, the retained some
viability.

Acknowledgements

The authors thank the Brazilian Coordination for the Improvement
of Higher Education Personnel (CAPES) for granting a scholarship to
the first author; the students of the Botany Laboratory of the Agricultural
Research and Development Center (CPEDA) at the State University of
Mato Grosso (UNEMAT) for their field assistance; and the Graduate
Program in Biotechnology and Biodiversity — Pro-Central-West Network
at the Federal University of Mato Grosso (UFMT).

Ornam. Hortic., v.30, e242784, 2024

Author Contribution

RPAF: field work, data collection and analysis, manuscript
preparation and review. MHC: data analysis. LSN: data analysis. TTA:
data analysis. WK: data analysis and interpretation, manuscript review.
CAS: data analysis and interpretation, manuscript preparation and review.

Conflict of interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data Availability Statement
All the research data is contained in the manuscript.

References

BERJAK, P.; PAMMENTER, N.W. Implications of the lack of desiccation
tolerance in recalcitrant seeds. ~ Frontiers in plant Science, v.4, p.478-
478, 2013. https://doi.org/10.3389/1pls.2013.00478

BIANCHINI, V.J.M.; MASCARIN, G.M.; SILVA, L.C.A.S.; ARTHUR,
V.; CARSTENSEN, J.M.; BOELT, B.; SILVA, C.B. Multispectral and
X-ray images for characterization of Jatropha curcas L. seed quality.
Plant Methods, v.17, p.9, 2021. https://doi.org/10.21203/rs.3.rs-28449/
v2

BRASIL. Ministério da Agricultura e Reforma Agraria. Secretaria
Nacional de Defesa Agropecudria. Regras para Analise de Sementes.
Brasilia, 2009. Available at:< http://www.agricultura.gov.br/arq_editor/
file/2946 regras analise sementes.pdf>. Acessed on: 27 jun 2024.

CARDOSO, J.C.; VENDRAME, W.A. Inovagdo em propagacao e cultivo

de plantas ornamentais. Horticulturae, v.8, n.3, p.229, 2022. https://doi.
org/10.3390/horticulturac8030229

4/5


https://doi.org/10.3389/fpls.2013.00478
https://doi.org/10.21203/rs.3.rs-28449/v2
https://doi.org/10.21203/rs.3.rs-28449/v2
https://doi.org/10.3390/horticulturae8030229
https://doi.org/10.3390/horticulturae8030229

Rozineide Pereira Alves Franca et al.

CECEL, A.T.; BARBEDO, C.J. Storage of recalcitrant seeds of Eugenia
brasiliensis Lam. under control of water availability. Journal of
Seed Science, v.45, €202345009, 2023. https://doi.org/10.1590/2317-
1545v45264131

DAHANAYAKE, N. Application of seed treatments to increase
germinability of cardamom (Elettaria cardamomum) seeds under in vitro
conditions. Sabaragamuwa University Journal, v.13, p.23-29, 2014.
https://doi.org/10.4038/suslj.v13i2.7679

DALLACORT, R.; MARTINS, J.A.; INOUE, M.H.; FREITAS, PS.L,;
COLETTI, A.J. Distribui¢do das chuvas no municipio de Tangara da
Serra, médio norte do Estado de Mato Grosso, Brasil. Acta Scientiarum.
Agronomy, v.33, n.2, p.193-200, 2011. https://doi.org/10.4025/
actasciagron.v33i2.5838

FERREIRA, D.F. Sisvar: a computer statistical analysis system. Ciéncia
e Agrotecnologia, v.35, p.1039-1042, 2011.

FRANCA, R.P.A.; BOTINI,A.F,; SILVA, C.A.; KOCH, A.K.; CAETANO,
A.PS.; SILVA, 1.V.; KRAUSE, W.; SILVA, C.A. Floral and reproductive
biology of Alpinia purpurata (Vieill.) K. Schum. (Zingiberaceae): An
important tropical ornamental plant. Revista Colombiana de Ciencias
Horticolas, v.14, n.2, p.257-266, 2020. https://doi.org/10.17584/
rcch.2020v14i2.10747

FRANCA, R.PA.; BOTINI, A.F.; SILVA, C.A; ALMEIDA, H.M;
KRAUSE,W. Morphological and postharvest treatments in Alpinia
cultivars. Ornamental Horticulture, v.25, n.3, p.255-262. 2019. https://
doi.org/10.1590/2447-536X.v2513.1537

GUARIZ, H.R.; SHIMIZU, G.D.; PAULA, J.C.B.; SPERANDIO, H.V,;
MARUBAYASHI, R.Y.P. Germinative potential of ‘Pata-de-Vaca’ seeds
at different maturation stages under various temperatures. Ornamental
Horticulture, v.28, n.3, p.371-379, 2022. https://doi.org/10.1590/2447-
536X.v28i3.2505

LABOURIAU, L.G. A germinacio das sementes. Washington: Secretaria
da OEA, 1983. 173p.

LEAL, C.C.P.; TORRES, S.B.; DANTAS, N.B.L.; AQUINO, G.S.M,;
ALVES, T.R.C. Estresse hidrico na germinac@o e vigor de sementes de
mofumbo (Combretum leprosum Mart.) em diferentes temperaturas.
Revista Ciéncia Agrondmica, v.51, n.1, 20186357, 2020. https://doi.
0rg/10.5935/1806-6690.20200013

MAGUIRE, J.D. Speed of germination aid in selection and evaluation for
seedling emergence and vigor. Crop Science, v.2, n.2, p.176-177, 1962.

MEDEIROS, A.C.S.; EIRA, M.T.S. Comportamento Fisiologico,
Secagem e Armazenamento de Sementes Florestais Nativas. Colombo:
EMBRAPA, 2006. 13p.

NAUTIYAL, P.C.; SIVASUBRAMANIAM, K.; DADLANI, M. Seed

dormancy and regulation of germination. Seed Science and Technology.
Singapore: Springer, 2023.

5/5

OHSE, S. Recalcitrant seeds: an overview. Visdo Académica, v.23,n.2,
Abr. - Jun. 2022.

REED, R.C.; BRADFORD, K..; KHANDAY, I. Seed germination
and vigor: ensuring crop sustainability in a changing climate. Genetics
Society, v.128, n.6, p.450-459, 2022. https://doi.org/10.1038/s41437-022-
00497-2

RIVAL, R.R.; WARDANI, F.F.; DEVI, M.G. Germination and breaking
seed dormancy of Alpinia malaccensis. Nusantara Bioscience, v.7, p.67-
72,2015. https://doi.org/10.13057/nusbiosci/n070202

ROBERTS, E.H. Predicting the storage life of seeds. Seed Science and
Technology, v.1, p.499-514, 1973.

RODRIGUES, G.A.G.; RIBEIRO, N.L., LUZ, E.M.Z.; PORTO, E.C;
MATIAS, G.L.; CORSATO, J.M.; FORTES, A.M.T. Drought stress effects
on germination and reserve degradation of Aspidosperma polyneuron
seeds. Revista Brasileira de Ciéncias Agrarias, v.14, n.4, 5903, 2019.
http://dx.doi.org/10.5039/agraria.v14i4a5903

ROSA, C.0; SILVA, F.A; CRUZ, D.R.C; SANTOS, S.G.F. Importancia
da secagem e armazenamento adequados na manutengdo da qualidade de
sementes de pimenta (Capsicum). Research, Society and Development,
v.12, n.8, e15212843000, 2023. http://dx.doi.org/10.33448/rsd-
v12i8.43000

ROSSETTI, C.; ROSA, C.P; PAGEL, G.O; AUMONDE, T.Z; TUNES,
L.V.M. Challenges for storing recalcitrant seeds. Colloquium Agrariae,
v.19, p.352-362, 2023. http://dx.doi.org/10.5747/ca.2023.v19.h535

SANTOS, S.R.G.; OLIVEIRA, R.S.S.F.; SILVA, S.D.S.R. Germination
of Mabea fistulifera seeds in different substrates and temperatures.
Scientific Electronic Archives, v.15, n.3, p.15-20, 2022. https://doi.
org/10.36560/15320221515

SENAR. Servi¢o Nacional de Aprendizagem Rural. Plantas ornamentais:
propagacgao e produgdo de mudas. Servico Nacional de Aprendizagem
Rural. 2 ed. Brasilia: Senar, 2018. 68p.

SILVA, TM.; ALVIM, S.; OLIVEIRA, .G.; PASTORINI, L.H. Influéncia
dos fatores ambientais no estabelecimento de plantulas. Botinica em
foco: Uma jornada pela diversidade, c.4, p.38-49, 2024. https://doi.
org/10.22533/at.ed.4542405034

SOUZA, JN.C.; DINIZ, JWM.; SILVA, F.A.O.; ALMEIDA N.D.R.
Panorama econdmico de flores e plantas ornamentais no Brasil.
Scientific Electronic Archives, v.13, n.5, p.96, 2020. http://dx.doi.
0rg/10.36560/1352020943. 2020

VITIS, M.; HAY, FR.; DICKIE, J.B.;; TRIVEDI, C.; CHOIL J;
FIEGENER, R. Seed storage: maintaining seed viability and vigor for
restoration use. Restoration ecology, v.28, S249-S255, 2020. https://doi.
org/10.1111/rec.13174

Ornam. Hortic., v.30, e242784, 2024


https://doi.org/10.1590/2317-1545v45264131
https://doi.org/10.1590/2317-1545v45264131
https://doi.org/10.4038/suslj.v13i2.7679
https://doi.org/10.4025/actasciagron.v33i2.5838
https://doi.org/10.4025/actasciagron.v33i2.5838
https://doi.org/10.17584/rcch.2020v14i2.10747
https://doi.org/10.17584/rcch.2020v14i2.10747
https://doi.org/10.1590/2447-536X.v25i3.1537
https://doi.org/10.1590/2447-536X.v25i3.1537
https://doi.org/10.1590/2447-536X.v28i3.2505
https://doi.org/10.1590/2447-536X.v28i3.2505
https://doi.org/10.5935/1806-6690.20200013
https://doi.org/10.5935/1806-6690.20200013
https://doi.org/10.1038/s41437-022-00497-2
https://doi.org/10.1038/s41437-022-00497-2
https://doi.org/10.13057/nusbiosci/n070202
http://dx.doi.org/10.5039/agraria.v14i4a5903
http://dx.doi.org/10.33448/rsd-v12i8.43000
http://dx.doi.org/10.33448/rsd-v12i8.43000
http://dx.doi.org/10.5747/ca.2023.v19.h535
https://doi.org/10.36560/15320221515
https://doi.org/10.36560/15320221515
https://doi.org/10.22533/at.ed.4542405034
https://doi.org/10.22533/at.ed.4542405034
http://dx.doi.org/10.36560/1352020943.%202020
http://dx.doi.org/10.36560/1352020943.%202020

