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ABSTRACT: Seed germination studies provide essential information for biodiversity
conservation and ecological restoration programs. This work aimed to investigate the
relationship between the substrates and the mobilization of reserves during germination
of Ormosia coarctata seeds under different temperatures. Samples were collected every
48 h for up to 240 h for quantification of lipids, soluble sugars, starch, and soluble proteins.
The optimum temperature range for germination was 25 to 35 °C. The highest germination
percentages were obtained using sand or paper roll. Carbohydrate, lipid, and protein
contents decreased during germination, regardless of temperature.

Index terms: temperature change, hydration, substrates, Fabaceae.

Relacdes do substrato e da mobilizacdao de reservas com a temperatura
na germinacao de sementes de Ormosia coarctata Jack.

RESUMO: Estudos da germinagdo de sementes fornecem informagGes essenciais para
a conservacao da biodiversidade e programas de restauragdo ecoldgica. Este trabalho
teve como objetivo investigar as relagGes entre os substratos e a mobilizagdo de reservas
durante a germinacdo de sementes de Ormosia coarctata sob diferentes temperaturas. As
amostras foram coletadas a cada 48 h por até 240 h para quantificacdo de lipidios, aglcares
soltveis, amido e proteinas soluveis. A faixa 6tima de temperatura para germinagao foi de
25 a 35 °C. As maiores porcentagens de germinagao foram obtidas com areia ou rolo de
papel. Os teores de carboidratos, lipidios e proteinas diminuiram durante a germinagao,
independentemente da temperatura.

Termos para indexa¢do: mudanca de temperatura, hidratagdo, substratos, Fabaceae.
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INTRODUCTION

Ormosia coarctata Jacks. belongs to the family Fabaceae, subfamily Papilionoideae. The tree is distributed
throughout the states of Amazonas, Pard, Roraima, and Mato Grosso in Brazil, where it is popularly known as “tento”
or “olho de cabra” (Campos Filho and Sartorelli, 2015). Ormosia sp has a diversity of chemical compounds important
for the industry such as alkaloids, isoflavones, lecithins, and proanthocyanidins (Fernandes et al., 2011; Pouny et al.,
2014). It also presents a potential for use in landscape projects, recovery of degraded areas, and handicrafts (Carneiro
et al., 1998; Lorenzi, 2002; Frausin et al., 2008).

Germination is a biochemical and physiological process that begins with water uptake by the seed and the
activation of metabolism. From this stage onwards, germination is influenced by seed viability and environmental
factors. The ecophysiological responses of plants vary according to the conditions to which they are exposed, and
one of the environmental factors that most affect germination is temperature. It influences germination speed and
percentage, imbibition rate, and mobilization of storage reserves (Bewley et al., 2013). The effect of temperature on
germination, however, varies among species. Acacia caven, Amburana cearensis, and Erythrina crista-galli seeds have
higher germination at a constant temperature of 30 °C (Escobar et al., 2010; Guedes et al., 2010; Mello et al., 2016).
Poecilanthe parviflora, Dimorphandra mollis, and Clitoria fairchildiana seeds germinate better at alternate temperatures
of 25 and 30 °C (Valadares and Paula, 2008; Pacheco et al., 2010; Alves et al., 2013).

During germination, carbohydrates, lipids, and proteins are mobilized for energy production and tissue growth.
These processes are influenced by temperature regimes (Tesfay et al., 2016), as temperature affects the rate of
metabolic reactions. In Melanoxylon brauna, a-amylase activity was shown to increase during imbibition at
temperatures between 25 and 30 °C (Ataide et al., 2016). Low germination temperatures were shown to decrease
the concentration of linoleic acid in Helianthus annuus seeds (Belo et al., 2014), suggesting that the synthesis of this
fatty acid was inhibited. Sugar, starch, lipid, and total protein concentrations were higher in Carica papaya seeds
imbibed at constant temperature (25 °C) than at alternating temperatures (20 and 30 °C) (Mengarda et al., 2015).

Brazilian biomes are threatened by continued deforestation. The implementation of ecosystem rehabilitation
and restoration programs requires knowledge on tree propagation, particularly via seeds, which is the main mode
of propagation of forest species. Information on physiological and biochemical responses of O. coarctata seeds to
environmental conditions becomes even more relevant in the context of climate change. Therefore, this study aimed
to evaluate the effect of different germinative substrates and mobilization of reserve during the germination of O.
coarctata seeds at different temperatures.

MATERIAL AND METHODS

O. coarctata seeds were collected in Alta Floresta, Mato Grosso, Brazil. Average temperatures vary from 23 to
26 °C, with maximum temperatures exceeding 40 °C (Caires and Castro, 2002). After collection, seeds were sent
to the laboratory, carefully selected, and stored in fiber drums in a cold room at 5 °C and 60% relative humidity
for seven months, after which the experiments were performed.

Dormancy was broken by mechanical scarification of the hilum or by chemical scarification with concentrated
sulfuric acid (H,SO,) for 45 min under constant agitation. Seeds were germinated in sand, between papers, and in paper
rolls at 15, 25, 30, 35, and 40 °C. The sand substrate was autoclaved for 2 h at 120 °C before use. Sand germination tests
were conducted in transparent polystyrene boxes. The treatment with two paper was carried out in 9 cm diameter
Petri dishes. The following parameters were evaluated during germination: germination percentage, germination
speed index, imbibition curve, and cotyledon reserve levels.

Germination percentage

Germination was recorded daily. Seeds were considered germinated upon radicle emergence. These data were
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used to calculate the germination percentage (%G) and germination speed index.

Germination speed index

The germination speed index (GSI) was determined according to Maguire (1962).

Imbibition curve

Seeds were weighed before imbibition, at 1 h intervals for the first 12 h of imbibition, at 24 h, and then at 24 h
intervals until 50% of the seeds germinated. At these pre-determined times, seeds were dried with paper towels,
weighed, and then placed back in the wet substrate. Each treatment consisted of five replications of 20 seeds.

Determination of cotyledon reserves

Samples were collected every 48 h until radicle emergence was observed. Seeds germinated at 15 °C were analyzed
for up to 240 h, whereas seeds germinated at 40 °C were analyzed for up to 96 h. Prior to each analysis, seeds were
oven dried at 45 °C for 24 h. The cotyledons were ground in a mill, and the dry powder was stored in hermetically
sealed glass containers.

Determination of lipids

Lipid content was determined using 1 g of dry material. Samples were placed in filter paper thimbles, weighed, and
extracted for 24 h with hexane in a Soxhlet apparatus. Then, thimbles were oven dried at 45 °C for 24 h and weighed.
Lipid content was calculated as the difference between initial and final dry weights and expressed as a percentage of
the total dry weight. Four replications were used for each treatment.

Determination of soluble sugars

Soluble sugars were determined according to Buckeridge and Dietrich (1990), with modifications. After extraction,
samples were oven dried at 45 °C for 24 h and resuspended in 1.0 mL of distilled water. An aliquot of the solution
(10 pL) was diluted in distilled water and used for quantification of soluble sugars by the phenol-sulfuric colorimetric
method (Dubois et al., 1956). A standard curve was constructed using 0.01% (w/v) glucose. Five replications were used
for each treatment.

Determination of starch

The solution prepared for quantification of soluble sugars was also used for starch extraction and quantification.
The sample was oven dried, and 20 mg of the resulting powder was digested for 15 min with 1.0 mL of 35% (w/v)
perchloric acid. After digestion, the sample was centrifuged at 10,000 g for 5 min (Passos, 1996). Starch quantification
was performed using 5 pL aliquots of the supernatant, according to the colorimetric method of Dubois et al. (1956). A
standard curve was constructed using 0.01% (w/v) glucose. Five replications were used for each treatment.

Determination of total proteins

Total protein content was determined by the micro-Kjeldahl method (CUNNIFF, 1995), with modifications. Defatted
samples (200 mg) were mixed with 1.0 g of digestion mixture and 5 mL of sulfuric acid and placed in a digestion block
at 350 °C. Upon completion of the digestion process, 10 mL of distilled water was added to the solution. Distillation
was performed in the presence of sodium hydroxide (NaOH, 1:1 v/v). The distillate was collected in an Erlenmeyer
flask containing 10 mL of 5% (w/v) boric acid and titrated with 0.05 N hydrochloric acid. The total protein content was
estimated using a factor of 6.25. Five replications were used for each treatment.

Determination of monosaccharides

Monosaccharides were extracted using the method of Blackig et al. (1996), with modifications. The dry powder
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was incubated with 80% (v/v) ethanol for 30 min at 75 °C, and the mixture was centrifuged at 10,000 g for 5 min. The
supernatants were combined and taken to dryness. Then, the powder was resuspended in 1.0 mL of ultrapure water,
and 0.5 mL of this solution was used to prepare an alditol acetate solution. Quantification was performed according to
Englyst and Cummings (1985) on a Shimadzu GC 14-a gas chromatograph equipped with a flame ionization detector
(FID) and a Shimadzu C-R8A Chromatopac integrator. A moderately polar column coated with 50% cyanopropylphenyl
and 50% dimethylsiloxane was used. The gas flow was set at 0.25 mL.min™.. The injector, detector, and column
temperatures were respectively 2500, 2200, and 2750 °C. Samples were injected with a split ratio of 1/40; 1.0 uL of
alditol acetate was used. Each treatment consisted of four replications.

Statistical analysis

The experiment was carried out in a 5 x 3 completely randomized factorial design, with five temperatures and three
substrates. Treatments consisted of five replications of 20 seeds each, totaling 100 seeds per treatment. Germination
percentages and GSI values were compared using Tukey’s test. The level of significance was set at p < 0.05. Data were
analyzed using R version 3.4.1 (R Core Team, 2017) and ExpDes package version 1.1.2 (Ferreira et al., 2013).

RESULTS AND DISCUSSION

The highest germination percentages were observed in O. coarctata seeds kept at 25, 30, or 35 °C in paper roll
or sand; germination in these substrates did not differ significantly (p < 0.05) (Figure 1A). Seeds germinated between
papers had low germination percentage and GSI at all temperatures (Figure 1B). GSI was highest at 30 and 35 °C
(Figure 1B). There was no interaction effect between temperature and substrate.

The highest germination percentages and GSls were obtained using paper roll or sand as substrate (Figures 1A and 1B),
shows that their large contact area enabled O. coarctata seeds to absorb high amounts of water. A small contact
area between substrate and seed might result in the rate of water loss being higher than the rate of absorption. The
between paper method was unsuitable, probably because of the smaller area of contact between substrate and seed.
When choosing the substrate, the shape and size of the seed must be taken into account (Brasil, 2009). M. brauna
seeds (Flores et al., 2014), Inga laurina (Barrozo et al., 2013), Eugenia involucrate and Eugenia pyriformis (Gomes et
al., 2016) presented higher percentages of germination in paper roll and sand. Thus, the contact area between the
substrate and the seed influenced the greater water absorption and, consequently, higher germination values.

Figure 1. Germination percentage (A) and germination speed index (B) of Ormosia coarctata seeds grown in different
substrates. Different letters indicate significant differences by Tukey’s test (p < 0.05).
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Seeds were not able to germinate at 15 °C during the 240 h experimental period. Seeds kept at 40 °C began to
deteriorate and showed no signs of root protrusion after 96 h of imbibition. The theoretical optimal temperature was
27.8-27.9 °C, which is in agreement with the results.

The highest GSlIs were achieved at 25, 30, and 35 °C. This temperature range is the same as that of the environment
where seeds were collected. Oliveira et al. (2016) verified GSI values of Ormosia arborea seeds similar to those of
the present study. According to the authors, 25-35 °C is the optimal germination temperature range for the species.
Germination performance at a specific temperature range reflects the species adaptation to its native ecosystem, which
in forest seeds may vary according to succession stage, biome, and environmental conditions (Wood and Prichard, 2003).

The rate of water uptake increased significantly with temperature, as shown by the fresh mass curves in Figure 2A. At 15
°C, imbibition was slow and continuous. At all temperatures, water content increased in the first 72 h, as water uptake
at this stage is temperature independent. Imbibition occurs because of the difference in water potential between seed
and substrate. In dry seeds, the matric potential is associated with the binding of water to the structural components of
the cell wall and other macromolecules (Taiz et al., 2017). Imbibition initially results in the hydration of cell components,
such as the cell wall and reserve polymers. The number of hydrated cells within the seed increases as imbibition
proceeds (Nonogaki et al., 2010). Prior to hydration, the water potential of seed cells is more negative than that of the
substrate. Upon contact, seeds rapidly absorb water.

The low and steady imbibition rate observed at 15 °C (Figure 2) might be associated with the basic metabolism of
the seed or with reserve degradation. Storage reserves are used during phase 2 of imbibition, increasing the osmotic
potential. However, this phenomenon did not occur because water uptake was not sufficient. Low temperatures reduce
imbibition rate, enzyme activity, and energy metabolism (Luo et al., 2019). It is possible that membrane-level changes
are only part of the process. Most aquaporin plasma membrane intrinsic protein (PIP) genes are down-regulated in
seeds under low-temperature stress (Luo et al., 2019). Reduction in the expression of these genes results in a low
number of aquaporins, thereby affecting the water absorption rate of seeds.

Low temperatures affect the reorganization of cell membranes by making the process difficult and slow (Carvalho
et al., 2009). The degree of fatty acid unsaturation of membrane phospholipids is altered at low temperature. This

Figure 2. Imbibition curve of Ormosia coarctata seeds at different temperatures. Arrows indicate when radicle
emergence occurred in 50% of the seeds.
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change affects the permeability of the membrane and its fluidity properties (Zheng et al., 2016; Noblet et al., 2017). In
Zea mays seeds, low temperatures induce membrane disorganization, resulting in increased release of electrolytes into
the medium and delayed germination (Noblet et al., 2017).

A three-phase imbibition pattern was observed at 25, 30, and 35 °C, with rapid water absorption at the beginning,
followed by a plateau and primary root growth. Radicle emergence occurred after 192 h at 25 °C and after 144 h at 30
and 35 °C (Figure 2).

Phase | occurs both in viable and nonviable seeds, as this physical process is independent of metabolic activity
(Bewley et al., 2013) and temperature. During phase |, the energy metabolism is resumed, and the energy needed
for enzyme activation and metabolite turnover is released (Nonogaki et al., 2010). Similar results were reported for
seeds of Bowdichia virgilioides and D. nigra (Albuguerque et al., 2009; Ataide et al., 2014). Little variation in fresh seed
mass was observed from 72 to 144 h of imbibition at 25, 30, and 35 °C. This stabilization probably occurred because of
the equilibrium between seed and substrate water potentials. Guimaraes et al. (2008) reported that after tissues and
organelles are hydrated, membranes and enzymes become functional (phase Il) and storage reserves are broken down
to be used for radicle elongation.

Seeds placed to germinate at 40 °C had a higher weight gain than seeds placed at other temperatures but were
deteriorated after 96 h. The high temperature may have altered cell membrane permeability, leading to extravasation of
cellular content. According to Badea and Basu (2009), high temperatures can modify components of the phospholipid
bilayer. Microorganism contamination might be related to the loss of metabolites (Bewley et al., 2013), as exudates
can serve as a substrate for microorganism development. In addition, the kinetic energy of particles is affected by the
increase in temperature: particles become more accelerated and hydrogen bonds in macromolecules are weakened
(Zrébek-Sokolnik, 2012). High temperatures can alter the tertiary structure of enzymes, which in turn reduces the rate
of reactions (Zrébek-Sokolnik, 2012).

Mobilization of reserves was lowest at 15 °C because of the low metabolic activity of seeds. This condition results
in low respiration rates, affecting the breakdown of seed reserves, especially of galactose, which is the main source
of energy. Consequently, germination is affected, as it requires stable and functional mitochondria (Luo et al., 2019).
Seeds at 40 °C had the highest consumption rate of reserves in 96 h of imbibition. Even though seeds germinated at
other temperatures were imbibed for a longer period, 96 h of imbibition at 40 °C was sufficient for metabolic activation
and reserve mobilization. However, these processes were interrupted at 96 h because seeds deteriorated. Changes in
the respiratory activity of cells occur with seed deterioration, such as the release of high levels of energy (Horbach et
al., 2018) caused by loss of metabolic control over the electron transport chain and oxidative phosphorylation.

Soluble sugar levels decreased during imbibition at all temperatures except 15 °C (Figure 3A). The highest reductions
occurred after 48 h of imbibition at 25, 30, and 35 °C. At 40 °C, the content of soluble sugars decreased by 50% in 96 h.
The consumption of soluble sugars during germination processes is attributed to energy expenditure during respiration,
energy generation, and supply of embryo growth (Koch, 2004; Souza et al., 2018). Moreover, sugar consumption is
also due to its metabolic signaling role. Many sugars act as a signal for the synthesis of enzymes and phytohormones
(Souza et al., 2018). Therefore, its consumption may be related to molecular signaling for the different stages of tissue
development (Koch, 2004). The total content of soluble sugars and reducers from two sunflower cultivars decreased
during the first 24 hours (Erbas et al., 2016). According to the authors, these reserves are the first to be used as an
energy source during the initial germination period.

Xylose levels did not change significantly during imbibition at 15 °C (Figure 3C). At 25, 30, and 35 °C, xylose
concentration decreased from 0.00126 to 0.00081 mg.g *dry matter after 48 h. At 40 °C, xylose was rapidly consumed.
Galactose levels decreased at all temperatures, although at a slower rate at 15 and 40 °C (Figure 3D). At 25, 30, and
35 °C, galactose was depleted after 144 h of imbibition. Seeds germinated at 25, 30, and 35 °C showed similar variation
in the levels of xylose and galactose. Galactose was completely depleted toward the end of imbibition, whereas xylose
was still detected. These results demonstrate that monosaccharides are preferentially broken down, regardless of the
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presence of oligosaccharides. Xylose and galactose were consumed or released at a higher rate in seeds imbibed
at 40 °C, probably because of the degradation of cell membranes toward the end of imbibition. Thus, two processes
occurred during hydration of O. coarctata seeds at 40 °C. First, seed reserves were broken down, as shown by the
increase in metabolic activity; then, reserves were released to the medium as a result of thermal damage.

Glucose was not detected at 25, 30, or 35 °C (data not shown). However, this monosaccharide was present in
seeds imbibed for 144 h at 15 °C and for 48 h at 40 °C (data not shown). These results may be explained by the partial
isomerization of galactose. At 15 °C, increased glucose levels were attributed to low metabolic activity to and, at 40
°C seed death. The not detection of glucose during the germination of O. coarctata seeds may be related to its use for
the production of sucrose in embryonic tissues. In Cedrela fissilis, glucose was detected only during the early stages of

Figure 3. Soluble sugar (A), starch (B), xylose (C), galactose (D), lipid (E), and total protein contents (F) in Ormosia
coarctata seeds during germination at different temperatures.
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seedling development (Aragdo et al., 2015). In Sebastina virgata seeds, glucose is formed during the development of
the seedlings in relatively high amounts (Tonini et al., 2010). With the development of the primary root, the degradation
of wall polysaccharides is released through the degradation of ABA, consequently sucrose and glucose increase (Tonini
et al., 2010). Alternatively, monosaccharides may leave the embryo or cotyledons and are retained in the membrane or
seed coat, as observed by Borges et al. (2002) in Platymiscium pubescens seeds.

The mobilization pattern of starch differed according to the germination temperature. Seeds imbibed at 15 °C
showed no changes in starch concentration with time (Figure 3B). At 40 °C, starch levels decreased rapidly after 48 h.
The decrease in carbohydrate levels in seeds germinated at optimal temperatures (25-35 °C) indicates that there was
a high mobilization of starch. Thus, soluble sugars together with starch reserves indicate degradation to obtain fast
energy for embryo growtn.

Lipid levels varied with time of imbibition at all temperatures (Figure 3E). O. coarctata seeds initially contained
8.2% lipids. Lipid mobilization was slower at 15 °C. At 25, 30, and 35 °C, lipid levels decreased by 2.6, 7.9, and 11.1%,
respectively. At 40 °C, the lipid content decreased continuously as the cotyledons deteriorated. The oil stored in the
seeds in the form of triacylglycerols plays an important role in the growth of the embryo, providing energy and carbon
skeletons (Knauer et al., 2013). Most seeds consume first the reserves of lower metabolic expenditure for your use
(Bewley et al. 2013). However, this behavior depends on the type of seed, the amount of reserves, and the speed of
germination (Bewley et al. 2013).

Lipid mobilization was relatively lower than that of the other reserves. Variation in lipid levels was similar among
the different germination temperatures. Mobilization of lipid reserves is more intense after germination (Hooks et
al., 2010). Free fatty acids were probably used for germination instead of triglycerides. Low lipid mobilization can be
associated with the low energy requirement during germination. To be converted into carbohydrates, lipids must first
be broken down by lipases and then degraded through the B-oxidation and glyoxylate pathways (Taiz et al., 2017).
Because they are highly reduced molecules, lipids have high energy density and can easily supply the energy needed in
the early phases of seed hydration.

The initial protein content was 16.6%. Protein levels were affected by imbibition time and temperature
(Figure 3F). At 15 °C, the total protein content remained relatively stable for up to 72 h. After 96 h of imbibition,
protein levels decreased by 2.3, 16.6, 17.2, and 17.5% in seeds soaked at 15, 25, 30, and 35 °C, respectively. At
40 °C, seeds showed a continuous reduction in protein content. The total protein level was 36.8% lower after
96 h of imbibition. During imbibition, stored proteins are proteolyzed by different enzymes (Bewley et al., 2013)
resulting in free amino acids that are used for the synthesis of protein components and, therefore, essential for
the development of the embryo (Erbas et al., 2016).

Unfavorable temperature conditions can negatively affect reserve mobilization, thereby impairing germination
(Mengarda et al., 2015). Ataide et al. (2016), however, observed no differences in reserve mobilization in seeds
germinated at 15 or 25 °C. The authors reported that soluble carbohydrates, starch, and protein levels decreased while
lipid levels showed little variation.

O. coarctata seeds are composed mainly of cotyledons, as the embryo has a reduced size. Thus, we evaluated the
levels of cotyledon reserves. Considering that the embryo has little demand for reserves at the beginning of germination,
we assumed that the decrease in reserve levels was due to cotyledon respiration or exudation.

CONCLUSIONS

Paper roll and sand were the best substrates for O. coarctata seeds germination. The optimal temperature range
was 25-35 °C. Carbohydrate, lipid, and protein reserves decreased at all temperatures. Mobilization patterns of soluble
sugars, xylose, and galactose were similar in seeds germinated at 25, 30, and 35 °C. Glucose was detected in O. coarctata
seeds at 15 and 40 °C, temperatures that are not optimal temperatures for germination. This monosaccharide was not
present in seeds germinated at other temperatures.
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