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ABSTRACT. The success in the application of artificial pollination techniques, aspects of floral biology
should receive special attention, especially regarding the viability studies of pollen grains. In this sense,
two experiments were carried out, aiming to determine the floral stages: floral opening (anthesis), female,
male and senescence stages of A. squamosa L flowers under tropical climate conditions, and to evaluate the
germination and viability of pollen grains submitted to different storage conditions. In the first experiment,
observations and data collection began when flowers were still closed. Readings were taken every two hours
for 46 hours until all the flowers reached the senescence stage. For the second, the experimental design was
completely randomized, in a 2 x 7 factorial scheme, with 2 storage conditions (environment at 27 = 2°C and
refrigerated at 5 = 2°C) and 7 pollen grain conditioning times (0, 4, 8, 12, 16, 20 and 24 hours), with 4
repetitions for the analysis of pollen grain germination and 3 repetitions for the analysis of pollen grain
viability, and each repetition consisted of one blade. The variables evaluated were percentage of viable and
non-viable pollen grains and percentage of germinated and non-germinated pollen grains. For tropical
climatic conditions, the flower anthesis (female stage) of the sugar-apple begins at 00:00 h, extending until
12:00h on the same day. The flowers of the tree reach a functionally staminate stage (male stage) from 6
a.m. the next day. Pollen grains stored at room conditions (27 = 2°C) remain viable for up to 24 hours after
collection, showing that storage in a cold environment at low temperatures (5 + 2°C) is not necessary. Seed
pollen grains have a germination percentage of 51.25% when stored under ambient conditions (27 = 2°C)
for up to 4 hours after collection.
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Introduction

The sugar apple tree (Annona squamosa L.) is species is native to tropical America, particularly to the
Antilles, and can be cultivated in tropical and subtropical areas (Liu et al., 2015). Is one of the most important
species of the genus Annona, due to the commercial value of its fruits and to the much-appreciated taste by
consumers (Zucareli, Ferreira, Silvério, & Amaro, 2008). In addition to dietary properties, Annonaceae have
medicinal, pharmaceutical (Madhu, Brainard, Raj, Swapn, & Rao, 2012; Manvi, Nanjwade, & Shing, 2011) and
nutritional properties such as vitamins A, B, C, E, K1, antioxidants, polyunsaturated fatty acids and essential
minerals, in addition to its pleasant aroma and flavor (Liu et al., 2015; Liu, Yuan, & Jing, 2013), as well as its
potential as insecticide (Seffrin, Shikano, Akhtar, & Isman, 2010).

The A. squamosa L is strongly affected by climatic conditions and depending on the seasonal variations of
each biome, an advance or delay in the crop cycle may occur, affecting the viability of the floral set and the
quantity and quality of fruits. Second, the problem of inefficient pollination is due to high temperatures
(30°C) and low relative humidity (30%), while low temperature (25°C) and high relative humidity (80%) enable
efficient pollination (Khalate, Supe, & Doke, 2018).

Rodrigues et al. (2016) studying different temperatures for the in vitro pollen grain germination of A.
squamosa, found that the temperature of 25 + 1°C provided the best in vitro germination, with 48.13%, and as
the temperature increased, germination percentage decreased significantly. George and Nissen (1988) cite
that high temperatures adversely affect flower bud production, suggesting that tropical conditions are not
conducive to high sugar-apple yields.
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Therefore, it is observed that the greater the climatic factors at the time of floral development and anthesis
(high temperatures, low relative humidity and high vapor pressure deficit), the greater the likelihood that
flowers will reach floral abscission as well as stigma desiccation before floral dehiscence, noting that the
flower exhibits protogynous dichogamy. Thus, strategies that allow the extension of the floral stage, as the
flower's receptive period and the viability of pollen grains, to obtain satisfactory A. squamosa production in
regions with tropical and subtropical climatic conditions are necessary.

Pollen viability is one of the factors that have a direct influence on fertilization success. It is recommended
to test pollen viability before use (Einhardt, Correa, & Raseira, 2006). The success of in vitro germination
depends on several factors such as plant species, plant nutritional status, time of year and time of collection,
photoperiod, air temperature, collection method, incubation period and presence of micro and
macronutrients in the culture medium (Soares et al., 2008), as well as adjustments of the culture medium
composition for each species (Chagas, Pio, Chagas, Pasqual, & Bettiol Neto, 2010; Sinimbti Neto, Martins, &
Barbosa, 2011).

In vitro and in vivo pollen germination allows the analysis of pollen tube emission capacity and a
correlation of this rate with pollen grain viability (Ferreira et al., 2007). However, the determination of pollen
grain viability by dyes is a common practice in cytogenetics. Colorimetric methods use specific chemical dyes
that react with cellular components present in mature pollen grains, such as lugol and acetic carmine. Some
dyes are more commonly used than others, such as Tetrazolium salt, Lugol's solution, Alexander's solution
and Acetic carmine (Einhardt et al., 2006).

Studies on pollen grain are the basis for understanding reproductive biology and are important for
breeding, conservation of plant genetic resources and hybrid seed production (Nascimento, Torres, & Lima,
2003) However, despite existing research nitiated a few decades ago, information is scarce for tropical climate
conditions in the world, especially in the Northern Amazon, Brazil.

Therefore, the aim of this study was to determine the flowering stages, and to evaluate the germination
and viability of short-lived pollen grains subjected to different storage conditions, under the tropical climate
conditions, Northern Amazon of Brazil.

Material and methods

The study was conducted at A. squamosa L. commercial orchard in Cantd, Roraima state, Brazil (Latitude:
2° 36' 30" 'North, Longitude: 60° 35' 46" West). The plants were 8 years old, implanted at a 4 x 5 m spacing.
The climate of the experimental region is tropical rainy, type Aw according to the Koppen classification
(Alvares, Stape, Sentelhas, Moraes Goncalves, Sparovek, 2013), with an average temperature of 27.4°C and 90
m altitude, with a minimum annual precipitation of 944.7 mm, totaling 1,678.6 mm per year and relative
humidity 70% (Aradjo, Andrade Junior, Medeiros, & Sampaio, 2001).

During the experimental period they were measured at average temperatures and relative humidity, as
shown in Figure 1.

For the experiment, 100 completely closed flower buds were selected, in a completely randomized design
with 4 replications and under homogeneous conditions, which were marked with fluorescent labels two hours
before the beginning of the observation. Observation and data collection began at the time when the flowers
were still closed at 4 pm. Thereafter, the readings were taken every two hours for 46 hours when all the flowers
reached the senescence stage.

The evaluations were performed in February 2015. Data collected during this period consisted of
annotations of the morphological changes of each flower during the observation period. Thus it was possible
to accurately determine the period when the flowers reached the feminine stage, masculine stage and
senescence.

The second experiment was carried out at Embrapa Roraima's Tissue Culture and Plant Pathology
Laboratory. In order to study the viability and in vitro germination of pollen grains, 100 randomly selected
flowers were collected at 6 p.m., in homogeneous conditions at the beginning of the female stage (petals
slightly apart). The flowers were taken to the Tissue Culture laboratory in single-layer plastic trays at room
temperature (around 27 * 2°C). The next day, at 5:30 a.m., when the flowers were in the male stage, the pollen
grains were separated, divided into equal parts and placed in plastic containers, closed and identified as
‘pollen refrigerated’ and ‘ambient pollen’.
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Figure 1. Average temperature (°C) and relative humidity (%) for the evaluation periods of the experiment. Cant4, Roraima state, Brazil, 2015.

Thereafter, the bottle labeled 'ambient pollen' was stored under ambient conditions at around 27 * 2°C,
while 'refrigerated pollen' was kept refrigerated at a temperature of 5 * 2°C. Immediately after separation and
identification of conservation treatments, in vitro germination and viability tests were performed, and the
first evaluation was performed (0 hours of conditioning), at 8 a.m., shortly after pollen collection. The other
evaluations were performed every 4 hours after the pollen grains were packed at 4, 8, 12, 16, 20 and 24 hours
for both pollen subjected to room temperature and for pollen stored under refrigeration.

In order to evaluate the viability of pollen grains, the technique described by Linsley & Cazier (1963) was
adapted, including staining of pollen grains arranged on a glass slide with 1% cotton blue.

In the in vitro germination test, the culture medium composed of 0,076 mg L! of Ca (NOs) 2; 0,015 mg L!
de MgS04; 0,017 mg L! of KNOs; 0,029 mg L! of H; BOs; 5 g of Agar (Brewbaker & Kwack, 1963). The medium
was distributed in petri dishes. To the culture medium 10% sucrose was added according to the methodology
used by (Loguercio, 2002). After pollen inoculation, the petri dish was left under room temperature conditions
(27°C), as recommended by (Lorenzon & Almeida, 1997).

The inoculated plate was surface washed with 15 drops of pure water to detach the pollen grains. Shortly
thereafter, a drop of the pollen containing solution and a drop of lactophenol cotton blue were mixed in a
slide. Then 1 drop of this solution was pipetted into the Neubauer chamber and visualized under the
microscope. Four observation slides were mounted for each inoculated plate, facilitating visualization for the
germinated pollen count.

The method used to test pollen viability was an adaptation of the tetrazolium technique (Dafni, 1993).
Pollen samples were collected every 4 hours in the different storage treatments for slide preparation with 2,
3, 5 triphenyl tetrazolium chloride (TTC) at a concentration of 1%. Pollen grains were distributed on 3 slides
per treatment and one drop of dye added to each slide. The slides were left for four hours to check staining.
Slides with 80% red stained pollen were considered viable pollen grains.

For the in vitro germination test, the experimental design was completely randomized in a 2 x 7 factorial
scheme, with 2 storage conditions (environment at 27 * 2°C and refrigerated at 5 # 2°C) and 7 different times
of conditioning of pollen grains (0, 4, 8, 12, 16, 20 and 24 hours). The experiment consisted of 4 repetitions,
each repetition consisting of a slide formed from each Petri dish. The pollen grains of each evaluated slide
were observed under the optical microscope, using the 10x and 40x objectives.

For the feasibility tests, the first evaluation was performed (0 hours of packaging) at 8 a.m., shortly after
pollen collection. The experimental design was completely randomized in a 2 x 7 factorial scheme, with 2
storage conditions (environment at 27 = 2°C and refrigerated at 5 # 2°C) and 7 different times of pollen grain
conditioning (0, 4, 8, 12, 16, 20 and 24 hours). The experiment consisted of 3 repetitions, and each repetition
consisted of an inoculated slide. Pollen grains from each slide were observed under the optical microscope
using 10x and 40x objectives.
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The variables evaluated were subjected to analysis of variance, and the effects of quantitative treatments
were submitted to polynomial regression. The analyzes were performed by the computer program R (R Core
Team, 2018).

Results and discussion

Determination of floral opening and female, male and senescence stages

Flower bud marking was started at 16:00 hours (h) on the first day of evaluation. The visual observation of
the flowers was made every 2h, making a total of 46h of evaluation. During the study there was heterogeneity
in the behavior of sugar-apple flowers, with flowers in the female stage and flowers in the male stage in the
morning.

The phases of the sugar-apple [closed flower bud, anthesis (female stage), male stage, senescent blossom]
observed during the evaluations can be seen in Figure 2.

Figure 2. Illustration of the sequence of the flowering stage (Annona squamosa L) from the closed flower bud to senescence in
Savannah conditions. Closed flower bud (A), Anthesis (female stage) (B), Fully open flower (Male stage) (C) and Senescence (D).

It was observed that anthesis began at 00:00h (2nd assessment day), in 53% of marked flowers, and
extending until 12:00h of the same day, when 100% of flowers reached anthesis (Figure 3). This result is
similar to that obtained for flowers of araticum (Annona crassiflora Mart.), where the anthesis is gradual and
begins in the early hours of the day and may extend until the early hours of the following day (Almeida-Janior
etal., 2018).

The transition from the female stage to the male stage occurred between 6:00 and 12:00 in the morning of
the following day (2nd assessment day). In this interval, the vast majority of flowers have reached the male
stage. However, a small portion of the flowers of this sample extended until 8:00 a.m. the next day (3rd
assessment day) (Figure 3).

This transient phase of female to male flower is characterized by full opening of flowers and anther
dehiscence (Ribeiro, Sao José, Reboucas, & Amaral, 2008). In flowers belonging to the family of Annonaceae,
the male stage of protogenic species occurs between 3 and 6 a.m. with the beginning of pollen release
(Carvalho & Webber, 2000). Already the female reproductive structure of A. squamosa matures first and can
remain receptive for up to twenty-four hours (Gazit, Galon, & Podoler, 1982).

It was observed that the number of flowers in the female stage increased from 00:00 in the morning, and
the maximum percentage of female flowers was observed at 6 in the morning, probably the most appropriate
time to perform the pollination as there is a decrease after this time. The maximum percentage of flowers in
the male stage was observed at 10:00 a.m. in the morning.
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Figure 3. Percentage of sugar-apple (Annona squamosa L.) flowers in the stages: Closed flower bud, female stage, male stage and
senescence as a function of the observation hours (h).

This information allows to estimate that artificial pollination can be performed in the morning shift,
between 02:00 and 06:00 a.m. in tropical and subtropical regions, where climatic factors caused less damage
during pollination, and may be extended until 10:00 am, however, with fewer female flowers. However, it is
necessary to observe the viability period of pollen grains, because only the period after 06:00 a.m. is when
there is viable pollen to perform artificial pollination.

Feasibility of pollen grains

The viability evaluation of pollen grains in minutes showed a decreasing quadratic effect for pollen stored
at refrigerated temperature (5 + 2°C) from 12 o'clock in the afternoon. However, pollen stored under ambient
conditions (27 = 2°C) remained viable until 24h in the afternoon after storage. These results indicate that it
is not necessary to store under refrigerated conditions to maintain the viability of the pollen in the studied
period (Figure 4).
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Figure 4. Percentage of viable pollen (Annona squ amosa L.) stored under different conditions (ambient pollen: 27 + 2°C and
refrigerated pollen: 5 # 2°C and storage periods (h). *Significant to (p < 0.05); **Significant to (p < 0.01).

The unfolding of the second-degree equation indicates that pollen grains may have a 99.35% viability over

a period of approximately 28h of storage under ambient conditions (27 = 2°C). Despite the high initial

percentage of viable pollen grains stored in refrigerated environment (5 * 2°C), reaching 100% viability after

8 hours of storage, this was not considered an adequate environment for storage, indicating that pollen when
refrigerated, should be used within 8 hours after storage, losing its viability after this period.
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Changes in environmental conditions strongly affect the viability of pollen grains in vitro, and small
decreases in relative humidity and temperature increases may indicate significant reductions (Alves
Rodrigues, Nietsche, Mercadante-Simoes, Toledo Pereira, & Ribeiro, 2018). Pre-anthesis temperatures may
also be involved in pollen vigor reduction, impacting on the reduction of accumulated starch in the
maturation phase and on the metabolism of the reserves, since most of the time, pollen twinning occurs
autotrophically (Baker & Baker, 1979).

In a study on the viability of araticum pollen (Annona crassiflora, Mart.) using acetic carmine test under
ambient conditions, (Cavalcante, Naves, Franceschinelli, & Silva, 2009) observed a percentage of 93.83%,
considered high (Mendes, Costa, Nietsche, Oliveira, & Pereira, 2012), observed that pollen grain viability in
seed and seedless accessions was 38.5 and 52.5%, respectively. These results are similar to those found in the
present study, where viability was verified above 95% for pollen stored under ambient conditions (27 * 2°C)
using the solution of 2, 3, 5 triphenyl tetrazolium chloride TTC (Figure 5).

Figure 5. Viability test of Annona squamosa L. pollen grains with 2, 3, 5 triphenyl tetrazolium chloride (TTC). Non-viable pollen grains.

According to (Nascimento, Gomes, Batista, Freitas, 2012), pollen grains with low viability generally result
in low fruit fixation. Therefore, determining the viability of pollen grains is important as it contributes to the
practice of artificial pollination, increasing productivity and quality of production.

Pollen viability can be determined by a number of techniques, the most used being in vitro germination
(Soares et al., 2008). Pollen viability estimates are one of the most significant instruments in the qualitative
evaluation of the materials to be used in the crossings (Wondracek- Liidke, Custodio, Simpson, & Valls, 2015).
Figure 5 shows viable shortcut pollen grains when subjected to the staining test using 2, 3, 5 triphenyl
tetrazolium chloride (TTC).

Germination of pollen grains

Significant differences were observed for germination percentage at the 1% level (p < 0.01). The sugar
apple pollen grains stored under ambient (27 + 2°C) and refrigerated (5 * 2°C) conditions presented excellent
germination rates at the first evaluation, i.e. storage time 0, with 65.75 and 50.25% respectively. In the first 4
hours of storage, the germination percentage decreased, however, with still satisfactory values, with 51.25
and 45%, with a significant decrease in the later hours. Pollen tube germination data (Figure 6) show a
significant drop when compared to viability data (Figure 5).

Results similar to those reported by (Nietsche, Pereira, Oliveira, Dias, & Reis, 2009) and (Pereira, Crane,
Montas, Nietsche, & Vendrame, 2014), who reported that the use of pollen shortly after collection presents
satisfactory results, were also obtained in the present work. These results confirm that the use of newly
collected pollen presents better viability characteristics, culminating in high fruit fixation rates through
artificial pollination.
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Figure 6. Percentage of germinated sugar apple (Annona squamosa L.) pollen grains stored under different conditions (ambient pollen:
27 £ 2°C and refrigerated pollen: 5 + 2°C and storage periods (h). **Significant to (p < 0.01).

On the other hand, Baker and Baker (1979) point out that variations in pre-anthesis temperature alter
vigor and affect the accumulated starches during maturation and reserve metabolism. This was confirmed by
Lora, Herrero and Hormaza (2012) who reported that starch decomposition and germination of A. cherimola
pollen grain were affected by pre-anthesis temperatures, with starch loss occurring before anthesis in flowers
stored at 25°C, however, there was no effect on storage at 15°C. Similarly Matsuda, Higuchi and Ogata (2016)
observed that germination decreased below 14°C, being more noticeable with restrictive effect of pollen tube
below 6°C and causing pollen wilting at 4°C, with the same effects occurring above 27°C, with only the pre-
anthesis temperature in the range of 20-22°C ensuring increased pollen grain germination.

Mendes et al. (2012) obtained similar results for 'Brazilian seedless' sugar-apple pollen grain germination
in vitro , reaching 52.5% at a controlled temperature of 25 * 1°C stored for 6 hours. Rodrigues et al. (2016
obtained in vitro germination of A. squamosa from 48.13% at 25 * 1°C. Evaluating pollen germination in ‘Red’
and ‘Thai Lessard’ sugar apple cultivars and in the ‘Gefner’ atemoya hybrid in tropical conditions, Pereira et
al. (2014) obtained low germination percentages, with 26.5, 35.6 and 37.2% respectively. Under semiarid
climatic conditions, Alves Rodrigues et al. (2018) obtained a total germination percentage of 60.4% at 26.9°C.

The success of in vitro germination of pollen grains depends on several endogenous and exogenous
factors such as plant nutritional status, time and method of pollen grain collection, photoperiod,
environmental variations, incubation period and composition of the medium of culture (Alves Rodrigues
et al., 2018; Chagas et al., 2010; Ramos, Pasqual, Salles, Chagas and Pio, 2008; Soares et al., 2008; Souza,
Souza, Silva, Barbosa, & Araujo, 2014). It is also important to emphasize that the culture medium factor is
specific for each species (Dafni, 1993), so this is a component that must be rigorously studied for
successful in vitro germination.

The storage of pollen grains in refrigerated environment may or may not promote good conditions for
germination. Bettiol Neto, Del Nero, Kavati and Pinto-Maglio (2009) in in vitro germination tests and field
pollination of cheriméia, sugar-apple and atemoya, found that pollen samples collected in the humid period
and stored in the refrigerator were the ones with the best germination rates under temperate conditions. For
the present study with sugar apple under tropical climate conditions, pollen grains under refrigerated storage
(5 + 2°C) presented a percentage below 45% after 4 hours of storage, drastically decreasing after this period,
not being considered a satisfactory germination percentage after this period (Figure 6).

Despite the existence of publications in which colorimetric tests are used as a pollen vigor parameter
(Cabral, Rossi, Klein, Vieira, & Giustina, 2013; Hister & Tedesco, 2016; Nunes, Bustamante, Techio, & Mittelmann,
2012), colorimetry should not be used as the sole indication of pollen viability because it can only point to the
presence of cellular content, which does not necessarily imply the formation of the pollen tube and
subsequent fertilization. In vitro tests of pollen tube germination are required to prove this viability more
safely. Figure 7 shows the in vitro germination test of sugar apple pollen grains in the present experiment.
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Figure 7. In vitro pollen seed germination test (Annona squamosa L.). (A) Tetrad pollen grains - beginning of germination. (B)
Germinated pollen grains.

Conclusion

The anthesis of the flowers (female stage) of the sugar-apple begins at 00:00, extending until 12:00 of the
same day. The flowers of the sugar apple reach a functionally staminate stage (male stage) from 6 a.m. in the
tropical climate conditions.

Pollen grains stored at ambient conditions (27 = 2°C) remain viable for up to 24 hours after collection,
showing that storage in a cold environment at low temperatures (5 * 2°C) is not necessary.

The sugar apple pollen grains have a germination percentage of 51.25% when stored under ambient
conditions (27 * 2°C) for up to 4 hours after collection.
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