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Changes in hormonal balance as key to reserve
degradation after dormancy overcoming in
Annona macroprophyllata and Annona purpurea seeds

Gisela Ferreira', Ivan De-la-Cruz-Chacon?, Alma Rosa Gonzalez-Esquinca®

Abstract-Studies on the effect of the applying of phytoregulators to overcome seed dormancy have
been carried out in Annonaceae species, thus the endogenous relationship between abscisic acid and
gibberellins after the application of phytoregulators needs to be known in these species. Considering
the importance of hormonal balance in dormancy mechanisms, the aim of this research was to elucidate
how endogenous ABA and GA concentrations change after the application of phytoregulators in seeds
and how these changes affect reserve degradation during germination of Annona macroprophyllata
and 4. purpurea seeds. Seeds were submitted to three conditions: - no soaking, soaking-in-water and
soaking-in-GA,,_+tbenzyladenine. ABA, GA, lipids, proteins, and total soluble sugars were quantified
at 0, 2, 5, 10, and 15 days after the beginning of treatments. The application of phytoregulators led
change of the hormonal balance inducing increase in endogenous GA and reduction in ABA levels
since seed soaking. During imbibition, the degradation of seed reserves (breaks proteins first, and
then soluble sugars and finally lipids) was observed and complete germination was obtained after 10
days, with primary root emission. In both species, dormancy can be broken soon after seed dispersal
when the balance between GA and ABA is endogenously changed (by exogenous application of
phytoregulators), leading to metabolic reserve degradation and germination.

Index terms: abscisic acid, gibberellins, germination, lipids, proteins, soluble sugars, plant growth
regulators, phytoregulators.
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de Annona macroprophyllata e Annona purpurea

Resumo - Estudos sobre o efeito da aplicacdo de reguladores vegetais para a superagao da dorméncia
de sementes tém sido realizados em espécies de Annonaceae, deste modo a relagdo endogena entre
o acido abscisico e as giberelinas, apos a aplicagdo de reguladores vegetais, necessita ser mais
bem estudada nesta familia. Considerando a importancia do balangco hormonal nos mecanismos de
dorméncia, o objetivo deste trabalho foi elucidar como as concentragdes endogenas de ABA e GA se
modificam apos a aplicac¢ao de reguladores vegetais em sementes durante a superagdo da dorméncia
e como essas alteracdes afetam a degradacdo de reservas durante a germinacao de sementes de
Annona macroprophyllata e A. purpurea logo apos tal superacao. As sementes foram submetidas
a trés condigdes: - sem imersdo; imersdo em agua, € imersdo em GA,_+benzyladenina. ABA, GA,
lipidios, proteinas e aglicares soluveis totais foram quantificados aos 0; 2; 5; 10 e 15 dias ap6s o
inicio dos tratamentos. A aplicacdo dos reguladores levou a alteragdo do balango hormonal, induzindo
aumento do GA endogeno e redugio dos niveis de ABA desde a embebicdo das sementes. Durante
a embebigdo, foi observada a degradacdo de reservas das sementes (primeiro proteinas, depois os
acucares ¢ finalmente os lipidios), ¢ a germinagdo completa foi obtida apds 10 dias do inicio dos
tratamentos, com emissdo da raiz primaria. Em ambas as espécies, a dorméncia pode ser quebrada
logo apos a dispersdo das sementes, quando o equilibrio entre GA ¢ ABA enddgeno ¢ alterado (pela
aplicacdo ex6gena de reguladores vegetais), levando a degradacao de reservas e a germinagao.
Termos para indexacao: acido abscisico, giberelinas, germinacao, lipidios, proteinas, agucares
soluveis, hormdnios vegetais, reguladores vegetais.
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Introduction

The Annonaceae family has approximately
135 genera and 2500 species, with evolutionary,
ecological, and pharmaceutical importance, in addition
to its application in the food industry (CHATROU et
al., 2012). Annonaceae seeds have acquired different
dormancy mechanisms during evolution - morphological
(RIZZINI, 1973); physiological (SILVA et al., 2007) and/
or morphophysiological (BRAGA et al., 2010; COSTA
etal., 2011). Such mechanisms still need to be studied in
several species, including Annona macroprophyllata and
A. purpurea. Seed dispersal occurs at the end of the rainy
season, with dormancy during the entire drought period
(approximately 6 months) to Annona macroprophyllata
(GONZALEZ-ESQUINCA et al., 2015) and more than
six months to 4. purpurea (GOMEZ-CASTANEDA et
al., 2003).

Several studies have been conducted to determine
the factors involved with seed dormancy, including studies
on tegument impermeability and embryo immaturity
(FERREIRA et al., 2019). Studies on impermeability
have demonstrated that seeds of both species (4.
macroprophyllata and A. purpurea) present low imbibition
rate, but are not impermeable (FERREIRA et al.,
2014). Gonzalez-Esquinca et al. (2015) found that the
tissues of embryos are differentiated at the time of seed
dispersal, indicating absense the morphological problem
in seed to germination. In another work, Campbell and
Popenoe (1968) report the use of GA3 to overcome the
dormancy of Annona diversifolia seeds. Similarly with A.
macroprophyllata and A. purpurea seeds, Ferreira et al.
(2016) observed that at the time of dispersion, seeds only
germine with the application of plant growth regulators
and the use of giberellins asociated with cytokinin (GA,,
+ N-(phenylmethyl)-aminopurine (benzyladenine - BA))
was more effective than giberellin GA, to break dormancy
in both seed species.

The effect of gibberellins and cytokinins to
overcome dormancy caused by abscisic acid (ABA) is well
known (KOORNEEF et al., 2002; GUBLER et al., 2005;
BEWLEY et al., 2013). Since dormancy is overcome,
gibberellins promote the biosynthesis of hydrolytic
enzymes that act in reserve degradation, releasing energy
and substrate for germination (MIRANSARI; SMITH,
2014). Cytokinins act at the various germination stages,
inducing reserve degradation by increasing amylolytic and
proteolytic activity (BEWLEY et al., 2013), also acting
on cell division during germination (HEYL et al., 2012).

Although studies on dormancy have been carried
out for several Annonaceae species (SILVA et al., 2007;
GONZALEZ-ESQUINCA et al., 2015), studies have
demonstrated the effect of the application of plant growth
regulators on seed germination (STENZEL, 2003;
OLIVEIRA et al., 2010; SOKOLOWSKI; CICERO,
2011). The relationship between endogenous abscisic

acid (ABA) and gibberellins (GA) after the application of
plant growth regulators is well known in other botanical
families (CHEN et al., 2010).

Studies on the germination and dormancy aspects
of Annonaceae seeds are relatively scarce, especially
when the study is about the metabolic processes that occur
during germination. It is known that in other species,
the balance between ABA and GA is responsible for
controlling dormancy and germination, which has not
been discussed for Annonaceae.

Considering the importance of hormonal balance
in dormancy mechanisms, the present study aimed at
elucidating how endogenous ABA and GA concentrations
change after the application of plant growth regulators in
seeds and how these changes affect reserve degradation
during germination of Annona macroprophyllata and A.
purpurea seeds.

Materials and methods

Experimental design, treatments and evaluations

Annona macroprophyllata Donn.Sm. (= Annona
diversifolia Saftf.) and Annona purpurea Moc. & Sessé
ex Dunal fruits were obtained at the municipality of
San Lucas, Chiapas, Mexico, from 18 and 12 trees,
respectively, from non-commercial orchards. About 90
and 60 fruits of each species were collected and obtained,
on average, 50 and 70 seeds per fruit, respectively. Seeds
were manually extracted, washed with distilled water and
maintained in the shade at 25 °C (+ 2 °C) during seven
days for superficial drying. The water content of seeds
(9% to A.macroprophyllata and 16% to A. purpurea) was
determined using four replicates of 25 seeds (GOMES et
al., 2019) by the method of drying at 105 °C for 24 hours
(BRASIL, 2009). To verify seed viability, the tetrazolium
test was performed in four replicates of 25 seeds. Seeds
were longitudinally cut and immersed in tetrazolium
solution (1% concentration) in black germination boxes
(10 x 10 x 2 cm) for 2 hours under constant temperature of
30 °C £ 2 °C (GIMENEZ et al., 2014). Both species had
embryos with 100% viability.

The experimental design was completely
randomized, with three replicates per plot, in a 3 x 5
(treatments x evaluation times) factorial arrangement.

Treatments consisted of a) seeds without soaking, b)
seeds soaked in distilled water for four days (called “seeds
in water”), and c) seeds soaked in plant growth regulators
(400 mg L' of GA,,,, and N-(phenylmethyl)-aminopurine
(benzyladenine - BA), PROMALIN® a commercial
product with the mixture of the two substances) solution
for four days. The use of GA,,_+ BA and its concentration
(400 mg L) were set based on previous experiments
(FERREIRA et al., 2016).
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The phytoregulator solution was prepared by
dissolving 22.2 g of the product per liter, Commercial
mixture (PROMALIN®) contains 1.8% of each phyto-
regulator and the concentration of each substance was
400 mg.L". Soaking time (four days — 96 hours) was set
as a function of time required by phase I of the water
acquisition curve (imbibition); soaking solutions were
maintained under constant aeration through aquarium
pumps (FERREIRA et al., 2014).

Seeds received treatments and then were placed in
aroll of germination paper moistened with distilled water
(2.5 times its dry weight). Then, seeds were maintained
in germination chamber at 50-60% relative humidity,
30 °C (£2 °C), and in the absence of light (FERREIRA
et al., 2016) until collection at each germination stage
(evaluation times) for biochemical analyses, when three
replicates of each treatment were used for the performance
of each biochemical analysis. The application of plant
growth regulators in seeds promotes 71% germination on
Annona macroprophyllata seeds and 29% on A. purpurea
seeds. On the other hand, seeds without treatments do
not germinate. These results were reported in Ferreira et
al. 2016.

Evaluation times (zero, two, five, ten, and fifteen
days after sowing) were determined as a function of
germination stages according to previous experiment
(FERREIRA et al., 2016). Time zero corresponded to the
initial metabolic stage of seeds (before treatments). Times
two and five days corresponded to intermediate stages,
with no primary root protrusion. At ten and fifteen days,
germinated seeds (thatreceived GA |, + BA) presenting 1
mm and 1 cm primary root were collected, respectively. At
the same times (ten and fifteen days) ungerminated seeds
were collected (without primary root). Thus, seeds treated
with GA,, +BAand without treatments with no signal of
germination were simultaneously collected.

Total soluble sugars, proteins, and lipids were
quantified in endosperm samples of each treatment and
at each evaluation time (without embryos). Furthermore,
endosperms plus embryos were used for ABA and GA
quantification.

ABA and GA quantification

The method for ABA and GA extraction and
quantification was adapted by Kelen et al. (2004). Three
replicates of five dry seeds (~ 5.5 g) were soaked in 70%
methanol and maintained at 4 °C for 12h. The material
was submitted to vacuum filtration and rotaevaporation
at 45 °C to remove methanol. The aqueous phase was
adjusted to pH 8.5 with 0.1 M phosphate buffer and
partitioned three times with ethyl acetate (AcOEt). The
ethyl acetate phase was removed and the pH of the aqueous
phase was adjusted to 2.5 with 1N HCI. The material was
again partitioned with EtOAc, the organic portion was
filtered over anhydrous sodium sulfate, and AcOEt was
evaporated.

ABA and GA were analyzed according to Kellen et al.
(2004), and Bandurska et al. (2017), by High-Performance
Liquid Chromatography (HPLC, PerkinElmer NCI 900
Series) in reverse phase (Spheri-5 RP-18, 100 mm x 4.6
mm; 5 um particle diameter). The mobile phase consisted
of acetonitrile: water (26:74). The isocratic flow rate was
1 mL min", and column temperature was maintained
at 30 °C. UV detection was performed at 210 nm. The
standard calibration curve of each plant growth regulator
was made from stock solutions containing 250, 225, 150,
100, 50,25, 12, 6; and 3 uM ABA and 275, 250, 200, 150,
100, 50, and 25 uM GA,. Linear regression curves were
made for GA (y=6403x-182769, R*?=0.98) and ABA (y=
20742x+287104, R* = 0.99) contents. The Perkin Elmer
Turbochrom software was used for data analysis and
integration of chromatographic peaks.

Samples were dissolved in ethanol to obtain
concentration of 2 mg L'. Then, 20 pL of such solutions
were injected into the HPLC system for analysis. The
identification of hormones was confirmed by comparing
peaks obtained using HPLC and the UV spectrum of pure
standards. GAs were expressed as their total content.

Total soluble sugar quantification

Total soluble sugars were extracted according to
Garcia et al. (2006) and quantified through the phenol-
sulfuric acid method (DUBOIS et al., 1956). Extraction
was performed using three replicates of dry seeds (~ 1.2 g
per replicate) from each treatment. Samples were ground
in 10 mL of 80% ethanol and then maintained in water
bath at 90 °C for 5 min to inactivate enzymes. After, they
were centrifuged at 1000g at 4 °C for 5 min and the residue
was extracted twice more with 80% ethanol at 80 °C for
5 min and once more with water at 60 °C for 5 min. For
each sample, extracts were combined and submitted to
vacuum concentration at 35 °C.

Protein quantification

For protein extraction (SUDA; GIORGINI
2000), three replicates of dry seeds (~ 1.2 g) from each
treatment were considered. Proteins were extracted from
endosperm consecutively according to their solubility
- albumins (with distilled water), globulins (with 5%
sodium chloride), prolamins (60% ethanol), and glutelins
(with 0.4% sodium hydroxide) every 24h. Extracts were
centrifuged at 15,000¢ for 30 min and supernatants were
collected and used for protein quantification according to
Bradford (1976).
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Lipid quantification

Lipids were extracted according to Ambalkar et al.
(2011) from three replicates of three seeds (~ 4.0 g per
replicate) from each treatment. Endosperms were ground
in mortar and then lipids were extracted with hexane under
continuous flow for three periods of 8h. During each
extraction period, the supernatant was collected, filtered,
concentrated and stored.

Statistical analysis

Data regarding ABA, GA , total soluble sugar,
protein, and lipid contents are indicated in dry basis
and were submitted to analysis of variance, with
posterior construction of polynomial regression models
corresponding to the period between beginning of soaking
and visible germination (PIMENTEL-GOMES, 20009).

Correlation analysis among ABA, GA, sugars, proteins
and lipid contents was performed. For analysis purposes,
r values between 0.8 - 1.0 were considered strong
correlations. Statistical analysis was performed using
the SAS and PAST software (SAS institution, Cary, NC;
Hammer et al, 2001).

Results and discussion

Inungerminated seeds (without soaking and soaked
in water), reductions in ABA content were not observed
over time, while small changes were observed in GA
content. Nevertheless, seeds soaked in GA ,, + BA showed
reduction in ABA content and increased GA levels from
the beginning of soaking until the beginning of primary
root protrusion (1 mm) after 10 days (Figure 1 A-D).
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Figure 1 - Abscisic acid (ABA) and giberellin (GA) contents in Annona macroprophyllata (A and C) and A. purpurea
(B and D) seeds without soaking (#), soaked in water (0) and soaked in GA ., +BA (e) evaluated at 0, 2, 5, 10, and
15 days after treatments. Equations represent treatments with plant regulators. The values represent the average of

replicates, and standard deviations are indicated.

Itmust be emphasized that Annona macroprophyllata
seeds showed higher GA content compared to A. purpurea
from seed dispersal and particularly after treatment with
plant growth regulators. The application of GA,, + BA
led to increase in GA content over time, while ABA
content decreased. After 2 days of soaking in plant growth

regulators, reduction in ABA content was constant in
both species, although A. purpurea seeds showed the
highest ABA levels even after treatment with plant growth
regulators (Fig. 1B).
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In both species, seeds treated with GA ., + BA
showed constant degradation of albumins (Fig. 2 A-B),
differing from ungerminated seeds (without soaking and
soaked in water). The degradation level was different
in each species. Seeds without soaking in water, 4.
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macroprophyllata seeds (time 0), showed 9668.3 ug g
albumin content, decreasing to 2347.3 pg g at 15 days
after the beginning of soaking in plant growth regulators.
In A. purpurea, initial level was 19632.4 ug g and reduced
to 6368.5 pug g at the end of the evaluation period.
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Figure 2. Albumin, globulin, prolamin and glutelin contents in Annona macroprophyllata (A. C , E and G) and 4.

purpurea (B, D, F and H) seeds without soaking (¢), soaked in water (0) and soaked in GA

4++; TBA (@) evaluated at

0,2, 5,10, and 15 days after soaking. Equations represent treatments with plant regulators. The values represent the

average of replicates, and standard deviations are indicated.
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Distinct patterns between species were observed
regarding albumin and globulin degradation in seeds
treated with GA ., + BA. In 4. macroprophyllata, slow
albumin degradation was detected at the beginning
of evaluations (0 and 2 days), while sharp globulin
degradation occurred from the beginning of soaking (Fig.
2C). In A. purpurea seeds, albumin and globulin (Fig. 2
B-D) degradation started later (10 days), but it was similar
to that observed in A. macroprophyllata (4461 and 3929
ug g, respectively).

Prolamins and glutelins were also degraded in
both species over time due to the application of GA,, +
BA. Nevertheless, such proteins showed 100-fold lower
contents and their degradation was only significant at 15
days (Fig. 2 E-H).

Regarding total soluble sugar degradation, dormant
A. macroprophyllata and A. purpurea seeds showed small
decrease in sugar content regardless of soaking in water,
thus requiring exogenous application of GA,,, + BA to
stimulate higher degradation (Fig. 3 A-B). Total soluble
sugar degradation is higher as more energy is required for
embryo development, thus resulting in lower total soluble
sugar content, which was observed at 1 cm primary root.
Comparing species when treated with GA,,, + BA, 4.
purpurea seeds showed lower initial sugar content and
faster degradation since the beginning of soaking (Fig.
3B). However, both species showed similar sugar levels
in primary root protrusion.
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Figure 3 - Total soluble sugar content in A) Annona macroprophyllata and B) A. purpurea seeds without soaking (¢),
soaked in water (D) and soaked in GA ., +BA () evaluated at 0, 2, 5, 10, and 15 days after the treatments. Equations
represent treatments with plant regulators. The values represent the average of replicates, and standard deviations are

indicated.

Lipid reserves were degraded in seeds from all
treatments and with the application of GA, ., + BA (Fig. 4),
degradation was faster compared to the others treatments.
In A. macroprphyllata seeds (Fig. 4A), such reduction
was more evident at 15 days, while 4. purpurea seeds
showed greater energy consumption after 10 days for the
maintenance of seedling development (Fig. 4B).

Thus, application of GA,,. + BA led to faster
reserve degradation, mainly of proteins and total sugars,
followed by lipids, which confirms the action of such plant
growth regulators on reserve degradation.

Correlation analysis between presence of plant
regulators and reserve amounts (Tabela 1) indicates that,
in general, the higher the presence of ABA (r=0.72-0.99),
the higher the content of reserve macromolecules. These
relationships were more evident in a larger number of
reserve molecule types in Annona purpurea than in A.
macroprophyllata.
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Figure 4 - Lipid content in A) Annona macroprophyllata and B) A. purpurea seeds without soaking (¢), soaked in

water (0) and soaked in GA

+BA () evaluated at 0, 2, 5, 10, and 15 days after the treatments. Equations represent

treatments with plant regulators. The values represent the average of replicates, and standard deviations are indicated.

Table 1. Correlation analysis between presence of phytoregulators and reserves of Annona macroprophyllata and

Annona purpurea.

Annona macroprophyllata Annona purpurea

ABA GA ABA GA
albumin 0.7260 (0.1649) -0.3905 (0.5158) 0.9369 (0.0189) -0.4491 (0.4481)
globulin 0.8752 (0.0419) -0.2881 (0.6383) 0.7537 (0.1412)  -0.0479 (0.9391)
prolamin 0.6931 (0.1944) -0.0689 (0.9122) 0.4910 (0.4009) -0.3728 (0.5366)
glutelin 0.5175(0.3719) 0.08959 (0.8861) 0.9017 (0.0365)  -0.5246 (0.3641)
total soluble sugars  0.6159 (0.2686) -0.3163 (0.6041) 0.9969 (0.0002)  -0.6972 (0.1907)
lipids 0.9683 (0.0067) -0.4995 (0.3915) 0.9296 (0.0222) -0.7686 (0.1287)

Correlation analysis (Pearson r). Values close to +1 indicate close direct relationships and close to -1 indicate strong inverse associations.

On the other hand, inverse linear relationships
between gibberellins and reserves are statistically weak,
which indicates the activity of these plant regulators to
trigger mobilization, that is, there is an exact balance
point between ABA decrease and increase of gibberellins,
leading to germination and reserve degradation.

In the present study, ABA content was higher than
GA in freshly dispersed A. macrophyllata and A. purpurea
seeds, thus explaining the absence of germination.
ABA accumulation in dormant seeds occurs in the final
maturation stages, inducing dormancy (GUBLER et al.,
2005; BENTSIN and KOORNNEEF, 2008) and ensuring
the survival of species under adverse conditions. Such a
strategy would allow both species to withstand dry and
hot months until the beginning of the rainy season, as also
suggested by Gonzalez-Esquinca et al. (2015).

Thus, there is probable temporary inability of seeds
of both species to increase endogenous GA due to ABA
content with the objective of guaranteeing dormancy

(YAMAGUCHLI, 2008; BEWLEY etal., 2013; KANG et
al., 2015). Such fact was demonstrated when GA content
did not increase after reactivation of seed metabolism
during soaking in water. The hormonal balance needs to
be changed for dormancy overcoming, either in response
to environmental changes or by exogenous application
of germination promoters, which was performed and
observed with the application of GA ,, + B in the present
study.

In the present study, GA, was effectively used as
a reference to express the content of total gibberellins.
GA, is a phytoregulator involved in seed germination
(CHEN et al., 2010), especially in Annona diversifolia
(CAMPBELL; POPENOE, 1968). Although there are
more active forms of gibberellins (OGAWA et al., 2003),
the increase in GA, indicates (even when not directly
related to biosynthesis) an increase in total gibberellins.
It has recently been proposed that GA, can be converted
into GA1 (CHEN et al., 2008), which in fungi is a more
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recurrent fact (SALAZAR CEREZO etal., 2018). For this
reason, the presence of total gibberellins and not only GA,
has been reported. In addition, reduction in ABA content
is not sufficient for dormancy overcoming, since changes
in sensitivity to ABA and increased levels of promoters
are needed, because seeds unable to produce GAs do not
germinate (YAMAGUCHI, 2008; NONOGAKY et al.,
2010; KANG et al., 2015). An increase in GA content
leads to the synthesis of degradative enzymes for embryo
development (KUCERA et al., 2005), and lipids and
carbohydrates are used as energy source (PRITCHARD et
al., 2002; SUBEDI; BHATTARAI 2003), while proteins
and amino acids are used in the formation of new tissues
(RAMAKRISHNA, 2007). In both species, reserve
degradation began during imbibition phase in seeds treated
with GA, ., + BA. Among reserves, lipids were found in
higher contents, followed by proteins and soluble sugars.
Galastri (2008) detected higher protein and lipid contents
in seeds of other Annonaceae species (Duguetia furfuracea
and Xylopia emarginata) and detected higher starch
content in Annona dioica seeds. Reduction in total sugar
content was detected from the beginning of soaking in plant
growth regulators in both species, until the protusion of
the primary roots (end of germination). Similary, Gimenez
et al. (2014) observed fast reduction from total soluble
sugars in Annona emarginata seeds during imbibition
(Phase I of the germination process), changed from 43 mg
g in the beginning (seeds with 20% of water) to 29 mg
g at the end of this phase, when seeds showed 35% of
water. This rapid reduction in soluble sugar content may
be related to its easy degradation for respiration activation
and ATP generation for the biosynthesis of proteins and
other molecules required for cell division and elongation
or other physiological processes such as ATPase-mediated
solute transport (BEWLEY et al., 2013). Soluble sugars
represent less than 10% of the total lipid reserves of 4.
macroprophyllata and A. purpurea seeds. So, while these
seeds have about 470mg g and 450 mg g of lipids, they
have 37 mg g and 33 mg g'! of sugars, respectively. The
use of GA ., + BA lead a rapid lipid degradation maybe
to guarantee energy to the germination process.

With respect to proteins, although degradation has
been considered a growth-related process in seedlings
(Ramakrishna & Rao 2005a, b), A. macroprophyllata and
A. purpurea seeds showed degradation from the first two
days of soaking in treatment with GA_, + BA. This faster
protein degradation due to the aplication of plant growth
regulators indicate a possible production of materials
like amino acids, to produce new tisses, speeding up
germination process, unlike other treatments. Moreover,
albumin and globulin fractions were degraded in different
ways, globulins were continuously degraded from the
beginning of soaking, while albumins reached their
maximum degradation at later germination stages, as also
observed by Ramakrishna (2007) during the germination

of Dolichos lablab vr. lignosus seeds. Schlereth et al.
(2000) observed degradation of the majority of globulins
from the embryonic axis of Vicia sativa seeds, showing
radicle protrusion after 24h of soaking, while degradation
from cotyledons had not yet been detected. Early glutelin
degradation during soaking was also observed by Suda
and Giorgini (2000) in Euphorbia heterophylla seeds.
The authors also found low prolamin contents in seeds
of different Annonaceae species.

The two species evaluated in the present study were
different regarding ABA content needed for maintaining
dormancy and inducing germination. 4. macroprophyllata
required 0.10 pg g' ABA, while 4. purpurea required
0.60 pg ¢! for maintaining dormancy. After application
of plant growth regulators, reduction in ABA content was
detected, reaching 0.02 pg g' (4. macroprophyllata ) and
0.20 ug g' (4. purpurea ) in germinated seeds, showing
1 mm primary root. Higher ABA content in A. purpurea
seeds may be responsible for improved resistance for
overcoming seed dormancy (29% germination). In this
context, lower initial ABA content may have facilitated
dormancy overcoming in A. macroprophyllata seeds (71%
germination). It is noteworthy that in A. purpurea seeds
with broken dormancy, ABA content was higher than in
A. macroprophyllata seeds. However, in both species, the
final GA content in germinated seeds was very similar.

While non-dormant seeds showed high metabolism
and subsequent germination, dormant seeds showed
metabolism with no sufficient changes for inducing
germination. Such low metabolic activity is due to the need
for dormancy overcoming for later germination, which
is due to the high ABA content inhibiting the synthesis
of GA and enzymes involved in reserve degradation
(PEREZ-FLORES et al., 2003; ALI-RACHED et al.,
2004; GUBLER et al., 2005). Thus, dormant seeds can
support low level of metabolic activity during imbibition
(Phase I) and Phase II, but they did not reach Phase III
with visible germination (BEWLEY et al., 2013).

Conclusion

This study allows conclude that Annona
macroprophyllata and A. purpurea seeds are dispersed with
ABA content preventing GA synthesis, thus demonstrating
their inability to produce GAs after dispersal, ensuring
dormancy during the dry period. Dormancy overcoming
occurs by changing the relationship between endogenous
ABA and GA - in the present study by the application of
GA - leading to reduction in ABA content, which results
in increased GA synthesis and reserve degradation, thus
resulting in complete germination with primary root
protrusion.
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