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Abstract

Background: Global climate changes have caused temperature increases that can harm plant development, especially the
initial growth and establishment of seedlings for the recovery of degraded areas. However, there are species in which these
losses are attenuated when the seeds are thermo-primed to sublethal temperatures. Therefore, the objective of the present
study was to evaluate the influence of seed heat conditioning on germination and initial growth of Ceiba glaziovii (Kuntze)
K. Schum seedlings, an endemic species occurring in seasonally tropical dry forest in Brazil.

Methods: Seeds of C. glaziovii were exposed to 70 °C for 15, 30, 45, 60 and 90 minutes as pre-germination treatments. The
control did not undergo heat treatment. Germination variables, vegetative growth, survival rate and normal leaves were
evaluated.

Results: Thermo-priming negatively affected the germination proportion of C. glaziovii seeds with increasing exposure
time. However, it significantly enhanced vegetative growth and seedling survival rate of this species after transplanting,

without impairing the formation of normal leaves.

Conclusions: Thermo-priming of seeds was found to produce more vigorous seedlings of Ceiba glaziovii.
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Introduction
Seed germination and seedling emergence can be
promoted or limited by different environmental factors,
depending on the heating level and response measured
(Kigel 2017; Taiz etal. 2017). In this context, some plants
have dormancy in their seeds as a survival strategy until
favourable environmental conditions are established
(Ferrerasetal.2018; Ferreiraetal. 2022). The intensity of
this protective mechanism has hampered the production
of new seedlings, especially those used for reforestation
and the recovery of degraded areas (Oliveira et al. 2019;
Ferreira et al. 2022). This is more problematic due to
the intensification of drought events caused by global
climate change (Giineralp et al. 2015; Xu et al. 2019).
Techniques traditionally used to try to break seed
dormancy are not always cheap, effective or safe, as

is the case with chemical scarification with sulfuric
acid or mechanical scarification with sandpaper or
sharp materials (Nascimento 2012; Paixao et al. 2019;
Santos et al. 2019). Some of these techniques can harm
the applicator, the environment, or the seed embryo,
consequently reducing the quantity and quality of the
seedlings produced (Santos et al. 2019; Ferreira et
al. 2022). Despite these problems, there is evidence
that dormant seeds of some species can benefit when
they are thermos-primed by promoting germination
or increasing stress tolerance in their plants (Romero-
Bastidas et al. 2016; Rafael et al. 2018; Pazzaglia et al.
2022; Santos Junior et al. 2022).

Thermo-priming is prior exposure to different time
intervals of elevated temperatures, at a sublethal level,
to promote germination metabolic processes, reduce the
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resistance of rigid integuments by creating microcracks
that promote the influx of water to embryonic tissues
(Paparella et al. 2015; Rafael et al. 2018; Pazzaglia et al.
2022). Consequently, germination, initial growth and
resistance to environmental stresses in plants were
increased (Romero-Bastidas et al. 2016; Ling et al. 2018;
Pazzaglia et al. 2022; Santos Junior et al. 2022). Although
the temperature range of 20 °C to 30 °C is considered
optimal for germination, we know that some seeds need
to be exposed to higher temperatures to germinate.
However, prolonged exposure can damage the embryo,
cause malformation, and reduce seedling vigour (Oliveira
etal. 2017; Rafael et al. 2018; Santos Junior et al. 2022).

Some plant species used for soil enrichment recovery
of degraded areas, such as Ceiba glaziovii (Kuntze)
K.Schum. (Lorenzi, 2009), may present tegumentary
dormancy in their seeds, which makes the production
of seedlings difficult (Nascimento 2012). Tegumentary
dormancy (exogenous) is the impermeability of the
tegument imposed by the tissues that surround the
seed that prevents entry of water or oxygen because it
is thick and rigid, or because it has chemical inhibitors,
or because it has high mechanical resistance (Nicolau
et al. 2022). C glaziovii is an endemic species from
northeastern Brazil, popularly known as “barriguda”
or “paineira branca” due to its ability to retain a lot of
water in the stem (Du Bocage & Sales 2002) and adjust
osmotically under stressful conditions (Santos Junior et
al. 2020).

Studies that show the effects of thermos-conditioning
on different aspects of germination and initial growth
of Ceiba glaziovii are essential, but so far non-existent.
This information can allow adequate management and
production of C. glaziovii and other important plant
species for soil enrichment projects and the recovery
of degraded areas, production of more vigorous and
resistant seedlings to environmental stresses, providing
data on the dynamics of survival under high temperature
conditions.

This study aimed to evaluate the influence of seed
thermo-priming on germination and initial growth of

Ceiba glaziovii planted as seedlings.

Methods

Study location, origin, and seed morphometric

The experiment was conducted under semi-controlled
conditions in an agricultural greenhouse. The average
temperature of the agricultural greenhouse ranged from
29.6 °C to 30.6 °C, and the average relative humidity
ranged from 64.8% to 70% (Santos Junior et al. 2020;
Santos Junior etal. 2021). Ceiba glaziovii seeds came from
the municipality of Petrolina, Pernambuco. Averages of
the morphometric measurements of 100 seeds, chosen
at random, were: 4.43 mm wide, 6.37 mm long and
5.00 mm thick.

Pre-germination treatments and laboratory
conditions

After being manually separated, 600 seeds were weighed,
disinfected in 2% sodium hypochlorite (NaOCI) solution
for 2 minutes, triple rinsed in distilled water and dried
on absorbent paper. The seeds were then distributed
in glass Petri dishes containing double filter paper and
placed in a drying oven to be thermo-primed at 70 °C
for six different exposure times as pre-germination
treatments [(0 minutes - control, no exposure), 15,
30, 45, 60 and 90 minutes], with five replications of 20
seeds per treatment. After exposure, the plates were
moistened, covered with plastic film and stored under
laboratory conditions (25 °C). The temperature chosen
was based on the temperature of the ground at a depth
of 5-6 centimetres over the course of summer or post-
fire events, according to studies (Rizzini 1976; Fichino
etal. 2012).

Germination and vegetative growth variables

For 30 days, the following germination variables were
evaluated: proportion of germinated seeds, germination
speed index (GSI), synchrony index (SI) and time
required for 50% of germination (T50%). Germination
proportion was determined based on a total count of
seeds that either germinated or did not germinate over
the course of 30 days. Germination speed index was
calculated using GerminatQuant software (Marques et
al. 2015), based on the following formula:

GSI=SG1/D1 + SG2/D2 ... SGN/DN

GSI is the germination speed index, SG is the number
of seeds germinated in the day and D are the days
for germination to occur. Synchrony index (SI) was
calculated according to the equation:

SI=3C,2/N
where C,2=n, (n-1)/2;and N = ¥'n (¥n,-1)/2

Synchrony indices closer to 1 indicate that germination
occurred more simultaneously, but when it is closer to 0
two or more seeds completed germination at different
times. The time required for 50% (T50%) of germination
to occur was calculated using a formula by Farooq et al.
(2005):

TS50 =t + ((N/2-n)*(t -t)) / (n,-n)

where N represents the total number of germinated
seeds, n, is the cumulative number of germinated seeds
at time t, and n. is the cumulative number of germinated
seeds at time tj, when n<N/2< n,.

After germination seedlings were transferred to
polyethylene bags containing about 4 kg of a mixture of
vegetable soil + cattle manure in a 3:1 ratio (v/v) and
acclimatised for 30 days. Then, they were distributed
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according to the heat treatment received on the seeds in
which four seedlings of each treatment were selected for
growth analysis. Every seven days, for 30 days, vegetative
growth was evaluated by counting the number of leaves,
measuring plant height (cm) with a ruler and the basal
stem diameter (mm) using a digital calliper (Digimess),
following methods described by (Benincasa 2003).
Furthermore, at the end of the experimental period, the
influence of thermo-priming on seedling formation was
evaluated, estimating the percentage of normal leaves
and proportion of seedling survival.

Data analysis

GerminaQuant software version 1.0 (Marques et al
2015) was used to calculate germination speed index
(GSI) and synchrony index (SI). Data from germinative
variables were tested for normality using the Shapiro-
Wilk test. When parametric, they underwent analysis
of variance (ANOVA), and means were compared using
the Tukey test at a significance level of 5%. When non-
parametric, they were subjected to Kruskall-Wallis,
where means were compared by Dunn’s post hoc test.
Statistical analyses were conducted using Past software
version 3.1. Linear regression was performed for the
vegetative growth data of seedlings using SigmaPlot 12.0
software.

Results

Seed germination

Thermo-priming influenced the proportion of
germinated seeds with an increase in the exposure time
to high temperature (Figure 1), but did not significantly
affect other germination variables (Table 1). The
likelihood of seed germination tended to decrease as
the exposure time at 70 °C approached 90 minutes
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FIGURE 1: Proportion of germinated seeds of Ceiba
glaziovii seeds thermo-primed at 70 °C at different
exposure times (n=100). Means followed by the same
letter do not differ significantly according to the Dunn’s
post hoc test (P<0.05).
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TABLE 1: Germination variables of Ceiba glaziovii seeds
thermo-primed at 70 °C at different exposure times.
+ standard error (n=100).

Exposure T50% GSI ) C
time (min)  (days)" (days 1)
at 70 °C
0 14.70£0.52a 1.36%0.33a 0.24+0.09a
15 13.50+0.36a 1.21+0.26a 0.16x0.01a
30 10.30£0.31a 1.15#0.42a 0.12x0.03a
45 11.36+0.71a 1.02+0.22a 0.25+0.05a
60 11.53+0.40a 1.27+#0.16a 0.27+0.03a
90 19.53+0.85a 0.63+0.34a 0.33x0.16a
Mean 13.45 1.11 0.21

!Time to 50% germination (T50%).

2Germination speed index (GSI).

3#Synchrony index (SI).

‘Means followed by the same letter do not differ significantly
according to the Dunn’s post hoc test (P<0.05) or “Tukey (P<0.05).

(Figure 1). Germination ended 13 days after thermal
exposure, in which there were no benefits to the
germination of the species. Germination ranged from
20 to 41%, with an average time to 50% germination of
13.45 days. Germination was monitored for 30 days.

Survival and normality of seedling leaves
Thermo-priming did not negatively affect the
morphology of the leaves of C. glaziovii seedlings. In all
treatments, 100% of the leaves were morphologically
normal. Additionally, extending the exposure time of
seeds to 70°C appeared to enhance the survival rate of
seedlings after transplanting (Figure 2).
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FIGURE 2: Proportion of survival of Ceiba glaziovii
seedlings, obtained from seeds thermo-primed at 70 °C at
different exposure times, after 30 days. Means followed
by the same letter do not differ significantly according
to the Dunn’s post hoc test (P<0.05). + standard error
(n=28).
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Vegetative growth

Thermo-priming of seeds increased the vegetative growth
of Ceiba glaziovii seedlings, with a linear response (Figure
3). At the end of the experimental period, the increase
provided by thermo-priming in height ranged from
24 cm (seedlings from seeds exposed to 70 ° for
45 minutes) to 51 cm (exposure to 90 minutes). In stem
diameter, this increase ranged from 2.47 cm (60 minutes)
to 5.42 cm (90 minutes). Similarly, at the end of the
experimental period, there was an increase in the number
of leaves, which varied from 4 (45 minutes) to 7.33 and
7.66 (90 and 15 minutes respectively) more than the final
number of leaves of the seedlings control (5.5).

Discussion

The results obtained in this study suggest that Ceiba
glaziovii does not present tegumentary dormancy.
Although Nascimento (2012) used 11 pre-germination
treatments to break tegumentary dormancy, the
maximum germination obtained was less than 40%
and in the control seeds about 30%. Our findings
are like those observed by Nascimento (2012). We
know that forest species generally have tegumentary
dormancy in their seeds to increase their chances of
survival (Dias et al. 2022). Although this happens and
Ceiba glaziovii seeds are rigid, their integument is thin
and they are not impermeable to water ingress. These
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at 70 °C at different exposure times. C (0 min as control), 15 min, 30 min, 45 min, 60 min and 90 minutes of exposure.

+ standard error (n=4).



Dos Santos Junior & da Silva New Zealand Journal of Forestry Science (2024) 54:6 Page 5

findings may indicate that other factors such as the
presence of inhibitory substances, immature embryo
or morphophysiological dormancy may be hindering
germination (Nascimento 2012; Ferreira et al. 2022).
Different studies show that tegumentary dormancy can
be broken with thermo-priming, as this technique creates
micro-cracks in the tegument, allowing to accelerate the
entry of water, enzymatic and metabolic activity (Fichino
et al. 2012; Romero-Bastidas et al. 2016; Rafael et al.
2018; Santana et al. 2019; Pazzaglia et al. 2022; Santos
Jinior et al. 2022).

In addition, the increase in seedling survival after
transplanting may be related to increased vigour
(Paparella et al. 2015; Barazandeh et al. 2019; Santos
Jinior et al. 2022) and resistance to stressful conditions
promoted by thermo-priming (Rizzini 1976; Paparella et
al. 2015; Ling et al. 2018; Pazzaglia et al. 2022). Evidence
shows that thermo-priming activates an alarm period
in seeds, allowing a “memory” of a stressful situation,
such as exposure to high temperatures, through a stress
mark that is stored during germination and is used in the
future in environmental periods stressors, hardening the
seedlings to respond appropriately to stress (Paparella
et al. 2015; Farooq et al. 2019; Serrano et al. 2019;
Pazzaglia et al. 2022). In this context, seedlings that have
greater vigour, survival and resistance to environmental
stresses are essential for places with stressful conditions
such as degraded areas or poor soil (Barazandeh et al.
2019; Santos Junior et al. 2020).

Although germination was not increased by thermo-
priming in the present study, the higher vegetative
growth of Ceiba glaziovii seedlings may be related
to an early emergence of the seedling because of the
reduced adherence to the seed coat and the creation
of microcracks that weakened the seed coat (Rafael et
al. 2018; Akhgari & Kaviani 2019; Bueno et al. 2019).

Graphical abstract
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In addition, this technique can induce the synthesis of
proteins (Ling et al. 2018) and plant growth precursors,
such as branched-chain amino acids, raffinose family
oligosaccharides (RFOs), lipolysis products and
tocopherols (Sani & Jodaeian 2015; Serrano et al. 2019;
Pazzaglia et al. 2022). These benefits can be amplified in
species adapted to hot climates, such as Ceiba glaziovii,
as the technique increases its adaptive advantages
(Paparella et al. 2015; Oliveira et al. 2021). However,
information available in the literature on the role of
thermo-priming in plant growth and yield is still scarce
(Pazzaglia et al. 2022; Santos Junior et al. 2022). Similar
results were observed by Santos Junior et al. 2022
in which seedlings of Enterolobium contortisiliquum
(Vell.) Morong significantly increased vegetative growth
when derived from seeds thermo-primed at 70 °C for
45 minutes. Maroufi, Farahani, & Moradi (2011) whose
observed an increase in the vigour of Triticum Aestivum
L. seedlings when exposed to 100 °C for 30 minutes.
At the same temperature, for 10 minutes, Raphanus
sativus L. showed greater seedling length, vigour
and dry mass (Maroufi, Farahani & Aghdam 2011).
Barazandeh et al.(2019) observed that heat conditioning
seeds of Carthamus tinctorius L., for 6 h and 10 h at
60 °C, resulted in rapid emergence, establishment, and
growth of seedlings, as well as an increase in agronomic
characteristics of interest, corroborating the results
found in the present study, which suggest the benefit of
thermo-priming in seeds with characteristics similar to
those of Ceiba glaziovii.

In summary, although prolonged exposure to
high temperatures reduced the germination of Ceiba
glaziovii seeds, an endemic species from the Brazilian
northeastern semiarid region known as the Caatinga,
this same exposure accelerated vegetative growth and
appeared to enhance seedling survival (Figure 4).
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FIGURE 4: Overview of the effects of thermo-priming on the seeds and seedlings of Ceiba glaziovii. Red arrows indicate
reduction, green arrows indicate increase. Larger arrow indicates the most influenced parameter.
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Conclusions

In this study the results showed that Ceiba glaziovii seeds
did not present tegumentary dormancy. We also saw that
Ceiba glaziovii seeds thermo-primed at 70 °C produced
seedlings with accelerated growth and greater chances
of survival after transplanting, favouring the production
of more vigorous seedlings within the time limit used in
this study. This species is commonly used in programmes
of soil enrichment and recovery of degraded areas, and,
for these reasons, this cheap, simple and safe technique
may enhance production of seedlings of this species.

Competing interests
The authors declare that they have no competing
interests.

Authors’ contributions

JL d S] conducted the experimental work, methodological
analyses, writing, and manuscript discussion. EC da S
carried out the methodological design, supervision of the
experiment, discussion, and review of the manuscript.
All authors read and approved the final manuscript.

Acknowledgements

We would also like to extend our thanks to the Nucleo de
Ecologia e Monitoramento Ambiental - NEMA/UNIVASE
the Projeto de Integracdo do Rio Sdo Francisco com as
Bacias Hidrograficas do Nordeste Setentrional - PISF
and the Ministério do Desenvolvimento Regional for
donating the seeds used to carry out this work.

References

Akhgari, H., & Kaviani, B. (2019). Effect of priming
on seed and plantlet vigor of two cultivars
of rice (Oryza sativa L.). Seed Science and
Technology, 8(1): 15. https://doi.org/10.22034

1jsst.2019.109014.1043

Barazandeh, F, Sabzalian, M., Rahimmalek, M., & Karami,
S.(2019). Effect of thermo-priming on germination,
agronomic characteristics and seed oil of safflower
(Crthamus tinctorius) cultivars. Journal of Plant
Production Research, 26(1), 107-122.

Benincasa, M.M.P. (2003). Andlise De Crescimento De
Plantas - Nogées Bdsicas. Jaboticabal, Brazil: FUNEP.

Bueno, A.M., da Costa, R.B., da Cunha, P.P, Ximenes, PA,,
& Lima, M.L. (2019). Influéncia do tratamento
térmico e regime de luz e temperatura na
germinacdo de sementes de ipé-verde (Cybistax
antisyphilitica). Revista uniaraguaia, 14(2), 39-45.

Dias, C.R.G, Vinjunju, M.SS.R., Serrote, CM.L, &
Mussalama, A.Z. (2022). Métodos alternativos para
superacdo de dorméncia em sementes de Leucaena
leucocephala (Lam.) de Witt. Revista Thema, 21(1),
224-235. h i.org/10.1 hema.
V21.2022.224-235.2376

Du Bocage, AL, & Sales, M.F. de. (2002). A familia
Bombacaceae Kunth no estado de Pernambuco,
Brasil. Acta Botanica Brasilica, 16,123-139.https://

doi.org/10.1590/50102-33062002000200001
Farooq, M., Basra, S.M.A.,, Ahmad, N., & Hafeez, K. (2005).

Thermal hardening: a new seed vigor enhancement

tool in rice. Journal of Integrative Plant Biology,

47(2), 187-193. https://doi.org/10.1111/j.1744-
7909.2005.00031.x

Farooq, M., Usman, M., Nadeem, F,, ur Rehman, H., Wahid,
A., Basra, S.M., & Siddique, K.H. (2019). Seed
priming in field crops: Potential benefits, adoption
and challenges. Crop and Pasture Science, 70(9),

731-771. https://doi.org/10.1071/CP18604

Ferreira, G., Pegorin, P, Seraphim, R.G., Torres, AM,
Ferreira, ].J. da S, Delgado, T, et al. (2022).
Dorméncia de sementes: provocagbes e reflexdes
- 1st ed. Botucatu, Brazil: Universidade Estadual
Paulista "Jualio de Mesquita Filho".

Ferreras, A.E., Marcora, PI, Venier, M.P, & Funes, G.
(2018). Different strategies for breaking physical
seed dormancy in field conditions in two fruit
morphs of Vachellia caven (Fabaceae). Seed Science
Research, 28(1), 8-15. https://doi.org/10.1017
S096025851800003X

Fichino, B., Fidelis, A., Schmidt, 1., & Pivello, V. (2012).
Efeitos de altas temperaturas na germinacdo de
sementes de capim-dourado (Syngonanthus nitens
(Bong.) Ruhland, Eriocaulaceae): implicacdes
para o manejo. Acta Botanica Brasilica, 26,
508-511.https://doi.org/10.1590/S0102-
33062012000200026

Giineralp, B., Giineralp, I, & Liu, Y. (2015). Changing
global patterns of urban exposure to flood
and drought hazards. Global environmental
change, 31, 217-225. https://doi.org/10.1016/].

gloenvcha.2015.01.002

Kigel, ]. (2017). Seed germination in arid and semiarid
regions. Seed Development and Germination, 645-
699. https://doi.org/10.1201/9780203740071-
25

Ling, Y, Serrano, N., Gao, G., Atia, M., Mokhtar, M., Woo,
YH., et al. (2018). Thermo-priming triggers
splicing memory in Arabidopsis. Journal of
Experimental Botany, 69(10), 2659-2675. https://
doi.org/10.1093/jxb/ery062

Maroufi, K, Farahani, H.A, & Aghdam, AM. (2011).
Increasing of seedling vigour by thermo priming
method in radish (Raphanus sativus L.). Advances
in Environmental Biology, 3743-3747.

Maroufi, K., Farahani, H.A., & Moradi, O. (2011). Thermo
priming influence on seedling production in wheat
(Triticum Aestivum L.). Advances in Environmental
Biology, 3664-3668.


https://doi.org/10.15536/thema.V21.2022.224-235.2376
https://doi.org/10.15536/thema.V21.2022.224-235.2376
https://doi.org/10.1590/S0102-33062002000200001
https://doi.org/10.1590/S0102-33062002000200001
https://doi.org/10.1111/j.1744-7909.2005.00031.x
https://doi.org/10.1111/j.1744-7909.2005.00031.x
https://doi.org/10.1071/CP18604
https://doi.org/10.1017/S096025851800003X
https://doi.org/10.1017/S096025851800003X
https://doi.org/10.1590/S0102-33062012000200026
https://doi.org/10.1590/S0102-33062012000200026
https://doi.org/10.1016/j.gloenvcha.2015.01.002
https://doi.org/10.1016/j.gloenvcha.2015.01.002
https://doi.org/10.1201/9780203740071-25
https://doi.org/10.1201/9780203740071-25
https://doi.org/10.1093/jxb/ery062
https://doi.org/10.1093/jxb/ery062

Dos Santos Junior & da Silva New Zealand Journal of Forestry Science (2024) 54:6 Page 7

Marques, ER.F, Meiado, M.V, Castro, N.M.C.R. de,
Campos, M.L. de 0., Mendes, K.R.,, Santos, O. de
0. dos, & Pompelli, M.E. (2015). GerminaQuant:
a new tool for germination measurements.
Journal of Seed Science, 37, 248-255. https://doi.

0rg/10.1590/2317-1545v37n3145605
Nascimento, L.L. do. (2012). Superagdo da dorméncia
em sementes de paineira-branca. Cerne, 18,

285-291. https://doi.org/10.1590/S0104-
201200020001

Nicolau, ].P.B., Pereira, M.D., Silva, FE. da, Souza, D.L.
da S. Medeiros, A.D. de, & Alves, C.Z. (2022).
Atmospheric plasma overcomes dormancy of
Pityrocarpa moniliformis (Benth.) Luckow &amp;
R. W. Jobson seeds. Journal of Seed Science, 44.
h : i.org/10.1 2317-1545v44261872

Oliveira, D.M. de, Lima, A.T, Rocha, E.A., & Meiado,
M.V. (2017). O aumento da temperatura reduz
a tolerdncia ao estresse hidrico na germinagdo
de sementes de Pereskia grandifolia Haw.
subsp. grandifolia (Cactaceae)? Gaia Scientia,
11(4). h i.org/10.22478/ufpb.1981-
1268.2017v11n4.35466

Oliveira, M.C,, Leite, ].B., da Silva Galdino, O.P, Ogata, R.S.,
da Silva, D.A., & Ribeiro, ].E. (2019). Sobrevivéncia
e crescimento de espécies nativas do Cerrado apds
semeadura direta na recuperagdo de pastagem
abandonada. Neotropical Biology and Conservation,
14: 313. https://doi.org/10.3897 /neotropical.14.
38290

Oliveira, M.F. da C., Junior, J.L. dos S., Freitas, R.S., &
Silva, E.C. da. (2021). Seedling physiological
responses from Ceiba glaziovii (Kutze) K. Skum.
to intermittent drought events. journal of
Biotechnology and Biodiversity, 9(4), 322-329.
https://doi.org/10.20873 /jbb.uft.cemaf.von4.
costa

Paixdo, M.V.S., Demuner, EM., Rodrigues, P. de S., Junior,
H.P. de F, & Bozetti, M. (2019). Pre germinating
treatments on germination of Cocoa seeds.
International Journal of Advanced Engineering
Research and Science, 6(6), 130-134. https://doi.

org/10.22161 /ijaers.6.6.13

Paparella, S., Aradgjo, S.S., Rossi, G., Wijayasinghe, M.,
Carbonera, D. & Balestrazzi, A. (2015). Seed
priming: state of the art and new perspectives.
Plant Cell Reports, 34(8), 1281-1293. https://doi.

org/10.1007/s00299-015-1784-y

Pazzaglia, ]., Badalamenti, F, Bernardeau-Esteller, ],
Ruiz, .M., Giacalone, V.M., Procaccini, G., & Marin-
Guirao, L. (2022). Thermo-priming increases heat-
stress tolerance in seedlings of the Mediterranean
seagrass P oceanica. Marine Pollution Bulletin,
174: 113164. https://doi.org/10.1016/j.
marpolbul.2021.113164

Rafael, M.\WM,, Ferreira, G.A. Junglos, ES., Queiroz,
R. de P, & Junglos, M.S. (2018). O papel de altas
temperaturas na superacio de dorméncia de
sementes de Ormosia arborea (Vell) Harms
(Fabaeae). Cadernos de Agroecologia, 13(2), 5-5.

Rizzini, C.T. (1976). Influéncia da temperatura sobre a
germinacdo de didsporos do cerrado. Rodriguésia,
341-383.

Romero-Bastidas, M., Nieto-Garibay, A. Hernandez-
Montiel, L.G., Troyo-Diéguez, E., Ramirez-Serrano,
R, & Murillo-Amador, B. (2016). Termopriming
on germination, seedling emergence and seedling
vigour of basil seeds (Ocimum basilicum L.).
Nova Scientia, 8(16), 181-212. https://doi.
org/10.21640/ns.v8i16.432

Sani, B,, & Jodaeian, V. (2015). The role of thermo priming
on improving seedling production technology
(Ispt) in soybean [Glycine max (L.) Merrill] Seeds.
International Journal of Agricultural and Biosystems
Engineering, 9(7), 753-756.

Santana, T.F, Fernandes, H.E., Giongo, M., Moura, W.S,,
Cabral, K.P, & Souza, P.B. (2019). Influéncia do fogo
na germinacgao de trés espécies do bioma cerrado.
Biodiversidade, 18(1) 18-27.

Santos Junior, J.L. dos, Oliveira, M.F. da C., & Silva, E.C. da.
(2020). Actimulo de solutos organicos em mudas
de Ceiba glaziovii (Kutze) Kum. em resposta a seca
intermitente. Scientia Plena, 16(1). https://doi.

org/10.14808/sci.plena.2020.011201

Santos Junior, ].L.D,, Freitas, R.S., & Silva, E.C. da. (2021).
Discontinuous hydration improves germination
and drought tolerance in Annona squamosa
seedlings. Research, Society and Development,
10(3), e56710313706-e56710313706. https://
doi.org/10.33448/rsd-v10i3.13706

Santos Junior, J.L. dos., Santos Luz, A. F. dos., & Silva, E.C.
da. (2022). Utilizacdo de alta temperatura para
quebra de dorméncia tegumentar de sementes
de Enterolobium contortisiliquum (Vell.) Morong.
Ensaios e Ciéncia C Bioldgicas Agrdrias e da Satide,
26(4), 423-428. h 21/1415-

6938.2022v26n4p423-428

Santos, S.A., Costa, R.N. Santos, J.C.C. dos, Silva,
D.M.R,, Silva, LK. dos S, Pavdo, ].M. da S],
et al. (2019). Germinacdo e modificacdes
anatdmicas em sementes de Sesbania virgata
(cav.) Pers. Submetidas a escarificagdo quimica.
Revista Ouricuri, 9(1), 001-012. https://doi.
rg/10.2932 ricuri.v9.l.al

Serrano, N., Ling, Y, Bahieldin, A, & Mahfouz, M.M.
(2019). Thermo-priming reprograms metabolic
homeostasis to confer heat tolerance. Scientific
Reports, 9(1): 181. https://doi.org/10.1038/
s41598-018-36484-7


https://doi.org/10.1590/2317-1545v37n3145605
https://doi.org/10.1590/2317-1545v37n3145605
https://doi.org/10.1590/S0104-77602012000200013
https://doi.org/10.1590/S0104-77602012000200013
https://doi.org/10.1590/2317-1545v44261872
https://doi.org/10.22478/ufpb.1981-1268.2017v11n4.35466
https://doi.org/10.22478/ufpb.1981-1268.2017v11n4.35466
https://doi.org/10.3897/neotropical.14.e38290
https://doi.org/10.3897/neotropical.14.e38290
https://doi.org/10.20873/jbb.uft.cemaf.v9n4.costa
https://doi.org/10.20873/jbb.uft.cemaf.v9n4.costa
https://doi.org/10.22161/ijaers.6.6.13
https://doi.org/10.22161/ijaers.6.6.13
https://doi.org/10.1007/s00299-015-1784-y
https://doi.org/10.1007/s00299-015-1784-y
https://doi.org/10.1016/j.marpolbul.2021.113164
https://doi.org/10.1016/j.marpolbul.2021.113164
https://doi.org/10.21640/ns.v8i16.432
https://doi.org/10.21640/ns.v8i16.432
https://doi.org/10.14808/sci.plena.2020.011201
https://doi.org/10.14808/sci.plena.2020.011201
https://doi.org/10.33448/rsd-v10i3.13706
https://doi.org/10.33448/rsd-v10i3.13706
https://doi.org/10.17921/1415-6938.2022v26n4p423-428
https://doi.org/10.17921/1415-6938.2022v26n4p423-428
https://doi.org/10.29327/ouricuri.v9.i1.a1
https://doi.org/10.29327/ouricuri.v9.i1.a1
https://doi.org/10.1038/s41598-018-36484-z
https://doi.org/10.1038/s41598-018-36484-z

Dos Santos Junior & da Silva New Zealand Journal of Forestry Science (2024) 54:6 Page 8

Taiz, L., Zeiger, E.,, Mgller, LM., & Murphy, A. (2017).
Fisiologia e Desenvolvimento Vegetal - 6th ed. Porto
Alegre, Brazil: Artmed Editora.

Xu, L., Chen, N., & Zhang, X. (2019). Global drought trends
under 1.5 and 2 °C warming. International Journal
of Climatology, 39(4), 2375-2385. https://doi.
org/10.1002/joc.5958


https://doi.org/10.1002/joc.5958
https://doi.org/10.1002/joc.5958

