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Abstract

Adenium obesum (Forssk.) Roem. & Schult., popularly known as desert rose, has become a valuable ornamental plant. In floriculture,
the production of hybrids is prioritized. Hence, knowledge on floral biology and sexual reproduction of the target species is
fundamental. The objectives of this study were: (1) to test sucrose concentrations and temperatures for in vitro germination of A4.
obesum pollen grains; (2) to identify the effect of temperature on the viability of 4. obesum pollen grains; and (3) to evaluate the
viability of pollen grains and stigma receptivity in pre-anthesis, at flower opening, and 72 h post-flower opening in three accessions
of 4. obesum. A significant relationship between temperatures and sucrose concentrations was observed in the in vitro germination
test. The highest percentage of in vitro germination of pollen grains, 39.81%, was observed at an estimated temperature of 26.05
°C. Desert rose accessions maintained in biochemical oxygen demand (BOD) chambers at 30 °C during a 16-h light photoperiod
showed faster flowering, and temperatures > 25 °C induced pollen grain viability percentages above 69%. Temperature is one of
the most important abiotic factors, influencing mainly in pollen germination, pollen tube growing and in efficiency fertilization. The
ICA-wd accession stood out and can be considered a pollen donor in artificial pollination. The stigmas of flowers were receptive
from a day before flower opening until three days after. The two parameters presented above, stigma receptivity and pollen viability,
allow inferences about the appropriate time for successful pollination and subsequent fertilization in desert roses.
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Resumo
Viabilidade de grao de pélen e receptividade do estigma em Rosa-do-Deserto

Adenium obesum (Forssk.) Roem. & Schult, conhecida popularmente como rosa-do-deserto, tem se tornado uma opgao valiosa para
o setor de plantas ornamentais. Na floricultura, a produggo de hibridos ¢é priorizada, para isso, o conhecimento da biologia floral e da
reproducdo sexuada da espécie ¢ fundamental. Objetivou-se com o presente estudo: (1) testar concentragdes de sacarose e temperaturas
na germinagao in vitro de graos de pdlen de Adenium obesum; (2) identificar o efeito da temperatura na viabilidade de graos de polen
de Adenium obesum ¢; (3) avaliar a viabilidade dos graos de polen e receptividade estigmatica pré-antese, abertura floral e 72 horas
pos-abertura floral em trés acessos de Adenium obesum. Interagdo significativa entre temperaturas e concentragdes de sacarose foi
observada no teste de germinagdo in vitro. A maior porcentagem de germinacdo in vitro dos graos de polen, 39,81% foi observada
na temperatura estimada de 26,05 °C. Os acessos de rosa-do-deserto mantidos em B.O.D. sob temperatura de 30 °C e fotoperiodo de
16 horas de luz apresentaram florescimento mais rapido e as temperaturas > 25 °C indicaram porcentagens de viabilidade dos graos
de pdlen acima de 69%. A temperatura ¢ um dos fatores abidticos mais importantes, influencia a germinagdo dos graos de polen,
crescimento do tubo polinico e pode afetar a fertilizagdo. O acesso ICA-bd destacou-se e pode ser considerado como doador de polen
em polinizagdes artificiais. O estigma das flores encontrou-se receptivo desde um dia antes da abertura das flores até trés dias apds
a flor abrir. Os dois pardmetros apresentados acima, receptividade estigmatica e viabilidade polinica, permitem fazer inferéncias
importantes sobre os momentos mais apropriados para a polinizagdo e subsequente fertilizacao na rosa-do-deserto.
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Introduction

Adenium obesum (Forssk.) Roem. & Schult, commonly
known as desert rose, belongs to the Apocynaceae family,
and is native to sub-Saharan Africa (Plaizier, 1980). It
is a shrub or small tree with a short stem, a thick base
(caudex) that serves as a reserve organ, and spiral leaves,
normally clustered at the end of twigs (Plaizier, 1980).

Similar to other representatives of the family,
Adenium spp. flowers have exuberant beauty, marked by
morphological complexity. They are actinomorphic or
slightly zygomorphic; pentamerous, with a rounded or
star-shaped corolla, funnel-shaped tube, five stamens with
short filaments and long anthers with a sagittate base,
forming a cone on the apex of the style (Plaizier, 1980;
Colombo et al., 2018). The pistil exhibits two carpels that
are coherent at the basis of the superior ovary and narrow
into the single style which ends in a rounded, normally
reel-shaped portion with bifid apex (Plaizier, 1980). The
style apex can be divided into three regions, being below
the basal collar, the place where the pollen grains normally
germinate (Possobom et al., 2021). The pollen grains have
an elliptical or spherical shape and the diameter may vary
from 0.01 to 0.1 mm (Bennett and Willis, 2001). After
fertilization, the apocarpous gynoecium gives rise to fruit
formed by two polyspermic follicles united by the basal
region (Plaizier, 1980; Colombo et al., 2018).

The species gained importance as an ornamental
plant owing to its botanical and physiological aspects,
including diversity of petal colors and floral arrangements,
resistance to water stress, excellent adaptation in full sun
environments, and perenniality (McBride et al., 2014).

Although desert roses can be easily propagated
vegetatively (Colombo et al., 2018), sexual propagation
is fundamentally important, especially for breeding
programs, since it allows access to the great variability
of the species (Colombo et al., 2018). Furthermore,
reports show that plants propagated by seeds have a more
developed caudex than those propagated vegetatively
(Colombo et al., 2015; Colombo et al., 2018; McKain et
al., 2018).

Considering the complex floral organization, which is
a limiting factor to self-pollination, associated with the
absence of natural pollinators and the possibility of self-
incompatibility, propagation by seeds is still a challenge
because it requires manual cross-pollination, which is not
always successful. In addition, other factors may affect
the success of pollination, including the existence of male
or female sterility in cultivated plants (McLaughlin and
Garofalo, 2002).

In this context, it is important to increase knowledge on
pollen grains, since they are responsible for carrying the
male gametes or their precursor to the stigmatic surface
and conducting them through the growth of the pollen
tube to the ovule, ensuring fertilization (Dafni, 1992).
Therefore, understanding the aspects related to pollen
grain viability and longevity, pollen—stigma interactions
and the factors that may influence them is fundamental to
guaranteeing crossbreeding efficiency.
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Some growers have reported the efficiency of A. obesum
crossbreeding when performed with pollen grains collected
on the day of flower opening (unpublished data). However,
there are no scientific data, except for the results of a study
conducted by Avekin and Gaydarzhi (2016). According to
the authors, the viability in 4. obesum is 70% to 90% from
the first to third day after anthesis.

The performance of pollen grains can be affected by
different factors, extrinsic or intrinsic, in a variable way
depending on the plant studied. Some studies have shown
that environmental conditions during floral development can
influence pollen grain fertility in different ways (Giovannini
et al., 2017; Miiller et al., 2016). Other studies have shown
that factors related to the in vitro culture medium can affect
pollen germination (Flores-Renteria et al., 2018; Impe
et al., 2020). In addition, there is information relating the
reproductive potential of pollen grains to the time they are
removed from the anther, which involves seasonality or
floral development stadium (Choudhary et al., 2014).

In addition to factors related to pollen grains,
knowledge on details about stigma receptivity may be
fundamental, since it may vary according to the floral
development stadium (Yi et al., 2006) and may limit the
success of pollination.

Temperature is the abiotic factor that most affects the
reproductive aspects of flowers. Temperatures of 30 to
40 °C tend to shorten some phases of plant development,
such as the reproductive phase. Thus, pollen quantity
and morphology, anther dehiscence, and pollen wall
architecture, as well as chemical composition and pollen
metabolism may be influenced by elevated temperatures
(Koti et al., 2005).

Although the desert rose is native to desert regions
and is cultivated in different regions of the world, being,
therefore, subjected to diverse environmental conditions,
there are no scientific reports on which factors may affect
pollen grain performance or stigma receptivity. Hence, this
study was aimed at answering the following questions: 1)
Is pollen viability in 4. obesum influenced by temperature
variation during floral development? 2) Do the in vitro
pollen grain germination rate and stigma receptivity vary
according to the floral development stadium? 3) Is the rate
of in vitro pollen germination influenced by variations in
sucrose concentration and temperature?

Materials and methods

Genetic material and experimental area

For the experiments, three accessions of 4. obesum
were selected and denominated as follows: (a) ICA-wd, an
accession with white flowers and petal position in double
arrangement; (b) ICA-rt, an accession with red flowers and
triple petal arrangement and; (c) ICA-ps, an accession with
purple flowers and single petal arrangement. Six 18-month-
old plants of each accession and two finished blooms were
selected. The plants were placed in 4 L plastic pots of 17
cm diameter containing Bioplant® commercial substrate,
and maintained in a greenhouse with an anti-affecting
screen and 20% shading.

V. 28, Ne. 1, 2022 p. 92-98



94 VIABILITY OF POLLEN GRAINS AND STIGMA RECEPTIVITY IN DESERT ROSE

Evaluation of pollen viability in plants subjected to
different temperatures during floral development

Six 4. obesum plants (accessions ICA-wd and ICA-
rt) that showed the beginning of differentiation of the
floral primordium (approximately 1.5 cm length) were
selected and maintained, in pairs, in three BOD chambers
(Limatec®) at controlled temperatures of 20, 25, or 30
°C in a 16-h photoperiod. Flower samples were collected
on the first day of anthesis, and the pollen grains were
removed with tweezers from all the anthers belonging to a
single flower, mixed with a brush in a sterile Petri dish, and
placed on slides with a drop of aniline blue dye. The slides
were fixed with a drop of glycerin and then viewed under
a microscope (Zeiss®) with a low-magnification objective
(10x). Each slide was divided into four quadrants and 100
pollen grains were counted per quadrant. Pollen grains
that were strongly stained blue were considered viable.
The percentage viability was determined using the ratio
of viable grains to the total number of grains evaluated
on the slide.

A completely randomized experiment (CRE) was
conducted with three treatments (20, 25, and 30 °C) and
three repetitions. Each experimental plot was composed
of one slide containing at least 400 pollen grains. The
evaluated data were subjected to variance analysis, and
when significant, to the F test, and the means were compared
using the Tukey test at a 5% significance level.

Evaluation of in vitro germination of pollen grains
and receptivity of stigmas in pre-anthesis, at flower
opening, and 72 h post-flower opening

Flowers were collected from plants of the three
accessions in pre-anthesis (a day before flower opening), at
the day of the opening, and 72-h after flower opening, and
sent to the Biotechnology laboratory. Pollen grains were
carefully extracted from the anthers using a needle (0.45
x 13 mm, TKL brand) and inoculated in the center of a
glass slide containing 150 pL of a standard culture medium
(Brewbaker and Kwack, 1963): 1.27 mM Ca (NO,),4H,0,
0.87 mM MgSO,-7H,0, 0.99 mM KNO,, 1.62 mM H,BO,
and 100 gL™! sucrose. For each flower, three slides were
prepared and kept in a BOD incubator at a temperature
of 27 °C in the dark for 6-h (Soares et al., 2015). The
germinated pollen grains were counted under a microscope
(Zeiss®) with a low-magnitude objective (10x), using
400 pollen grains per slide. Germination was considered
effective when the pollen grains presented pollen tube
length equal to or greater than the pollen grain diameter
(Dafni and Firmage, 2000).

To evaluate stigmareceptivity, the standard methodology
of peroxidase activity using 3% hydrogen peroxide (H,0,)
was used (Kearns and Inouye, 1993). A drop (approximately
0.05 mL) was deposited on the analyzed stigmas, and the
reaction was filmed (Nikon D3400). The number of bubbles
that emerged from the stigma within 30 s was counted (Dey
et al., 2016; Biswas, 2017).

An entirely randomized design was used in a 3 x 3
factorial scheme, with three flower collection phases
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(pre-anthesis, at flower opening, and 72-h post-flower
opening), three accessions (ICA-ps, ICA-wd, and ICA-1t),
five repetitions to evaluate stigma receptivity, and three
repetitions for pollen viability.

The data, when appropriate, were subjected to variance
analysis, and when significant, to the F test, and the means
were compared using the Tukey test at a 5% significance
level. The data of germination percentage of pollen grains
were transformed using logarithmic transformation (logX
+ 1) to obtain the homoscedasticity and normality of the
data set.

Evaluation of in vitro germination of pollen grains
taken from flowers at anthesis and subjected to different
sucrose concentrations and temperatures

Flowers of the ICA-bd and ICA-vt accessions were
collected on the firstday of anthesis at § am. The pollen grains
were extracted and inoculated as in second experiment, in
adapted modified culture medium (Brewbaker and Kwack,
1963) with different concentrations of sucrose (0, 10%,
20%, and 30%), at pH 7.0. The slides, placed in Petri
dishes with hydrated filter paper, were maintained in a
BOD incubator at controlled temperatures of 15, 20, 25,
and 30 °C for 6-h. After incubation, a drop of toluidine blue
dye was added to count the germinated pollen grains under
a light field binocular LED Digilab® microscope with a
low-magnitude objective (10x). Each slide was divided
into four quadrants and 100 pollen grains were counted per
quadrant. The in vitro pollen grain germination percentage
was estimated using the ratio between the number of
germinated pollen grains and the total number of pollen
grains counted on each slide.

The experimental design was entirely randomized in a
4 x 4 factorial scheme, with four incubation temperatures
(15, 20,25, and 30 °C), four sucrose concentrations (0, 10%,
20%, and 30%), and four repetitions. Each experimental
plot was composed of one slide containing at least 400
pollen grains.

The data were subjected to variance analysis, and hence,
it was possible to statistically determine some important
precepts. The values for which the F test was significant, that
is, greater than tabulated F, were analyzed, and a graph of
response surface as a function of the independent variables
(doses of sucrose and temperatures) was generated to
determine the favorable conditions for each variable, using
the R-Studio program. The data on pollen grain germination
were transformed using logarithmic transformation (logX
+ 1) to obtain the normality of the data set.

Results and discussion

The plants cultivated at 30 °C took, on average, 15
days from the beginning of floral development to flower
opening. At 25 °C, they took an average of 22 days to
flower opening and at 20 °C, 28 days. At 20 and 25 °C, the
plants presented floral abscission and yellowing of leaves.
At 25 and 30 °C the viability of pollen grains was higher
than 69% (Figure 1).
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Figure 1. Percentage of pollen grain viability of Adenium obesum plants submitted to different temperatures
(20, 25, and 30 °C) during floral development. *Significant at 5% by F test.

The present study showed that the temperature of 20
°C in a 16-h photoperiod considerably affected pollen
viability, and there is evidence that it delayed flower
development, caused yellowing of leaves, and increased
the abscission of the reproductive structures. Temperature
have several important effects on reproductive tissues,
and the main phenomena observed are rapid or delayed
flowering, asynchrony in the development of male and
female reproductive systems (Hedhly et al., 2008), and
defects in male and female gametes (Morrison and Stewart,
2002). On the other hand, a 30 °C temperature in a 16-h
photoperiod was related to higher viability of pollen grains,
accelerated floral development, and lower floral abscission.
McLaughlin and Garofalo (2002) and Avekin (2016) also
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reported that Adenium adapts well to temperatures above
+25 °C and sufficient lighting (maximum 13,000 lux),
and it exhibits the best pollen fertility on the first day of
anthesis.

The results also indicated a significant correlation
between the development stadium of the flowers and
the accessions evaluated in relation to in vitro pollen
germination. The pollen grain germination rate was
significantly higher for ICA-wd in all analyzed phases.
The germination percentage was highest in pre-anthesis for
accession ICA-wd, and, on the other hand, lowest, in this
same phase, for accession ICA-rt. Only in accession ICA-
ps pollen grain germination was uninfluenced by the phase
(Figure 2).
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Flower opening
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Figure 2. In vitro pollen grain germination of three Adenium obesum accessions (ICA-wd, ICA-ps, and
ICA-rt) in three phases. Means have been transformed (logX + 1). Columns with the same capital letter for
evaluated accessions and lowercase letter for evaluated phases not significantly different by the Tukey test

at *p < 0.05. Bar indicates mean with standard error (SE).
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The pollen viability observed was maintained for up
to 3 days, the maximum period evaluated in this study
(Figure 2). The results of this study for the ICA-wd
accession corroborate those described by Thomson and
Thomson (1989), indicating that the pollen grains tend
to lose viability over time. He et al. (2017) observed the
viability behavior of three Lillium hybrids and concluded
that viability was highest at day of flower opening, and
reduced over time. Therefore, pollen grains taken from
older flowers are less likely to fertilize ovules than those
from young flowers. The ICA-wd accession is a material
with high potential for use in future hybridizations as a
male progenitor since it showed higher pollen viability in
general. Its pollen grains may also be used in pre-anthesis,
which, in a practical way, can prevent the risk of pollen
contamination for controlled hybridizations.

The accessions evaluated and the growing conditions
showed that A. obesum plants have long high stigma
receptivity (Figure 3). This finding was obtained using
the peroxidase test, which is considered by several
authors to be reliable for determining receptivity (Dey
et al., 2016). When a species is classified as having long

70 4
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40 -

30

Stigma receptivity

20
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stigma receptivity, it may be a sign of adaptation to few
visitors to increase the chances of pollination (Zhang and
Wolfe, 2016). Stigma receptivity plays an important role
in successful hybridization. For fertilization to occur, the
pollen grains must be in a viable state, and the stigma must
be in a receptive condition (Zulkarnain et al., 2019).

In the present study the stigmatic receptivity was higher
at 72-h post-opening flower (Figure 3). According to some
authors the stigmatic receptivity appears to be associated
with the production of stigmatic secretion (Herrero and
Dickinson 1981), esterase and peroxidase activities
(Bernhardt et al. 1980). In desert rose, little work has been
done to determine what makes a stigma unreceptive or
receptive and considering our findings additional studies
must be conducted in order to elucidated this condition.

A significant relationship (p < 0.05) between
temperatures, sucrose concentrations and the characteristic
of in vitro germination of A. obesum pollen grains was
observed. The in vitro germination percentage increased
with the temperature and concentration to a maximum
value of 39.81%, and then decreased to a minimum value
of 16.60% (Figure 4).

Pre-anthesis

Flower opening 72 h Post-flower opening

Phases

Figure 3. Stigma receptivity of accessions of Adenium obesum in three phases.
Columns with the same lowercase letter for evaluated phases not significantly different by the
Tukey test at *p < 0.05. Bar indicates mean with standard error (SE).

Figure 4. Response surface for in vitro germination of Adenium obesum pollen grains with respect
to sucrose concentrations (0, 10, 20, and 30%) and temperatures (15, 20, 25, and 30 °C).
Means have been transformed (logX + 1). Z =—1.38065 — 0.019789**x + 0.234177**y — 0.004929**y? +
0.0009262**xy. R?adjust. = 0.607; **Significant by ¢ test at 1% probability.
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The results indicated that the in vitro germination of
pollen grains collected at 4. obesum anthesis responded
positively to the effects of temperature in the 20-30 °C
range, with great variations, as for the sucrose concentration.
Garcia et al. (2012) reported that sucrose is a fundamental
source of energy for pollen germination, and induces pollen
tube growth and the synthesis of new cells. In this study,
even in the absence of sucrose, the in vitro germination
percentage of pollen grains was higher than 30%. This can
be explained by the accession genotype, other inorganic
elements (boron, calcium nitrate, magnesium sulfate and
potassium nitrate) of the culture medium, as well as the use
of the reserve carbohydrates present in pollen grains when
they are released from anthers. The interaction with these
inorganic constituent elements of this medium may have
been positive to the germination of pollen grains and pollen
tube growth (Souza et al. 2010).

Conclusions

Cross-fertilization is widely used to obtain new
commercial variants of 4. obesum. The association of
pollen viability with stigmatic receptivity facilitates the
management of artificial hybridization for the species.
Considering hybridization among the accessions evaluated,
it is possible to associate the moment of higher pollen
viability with flowers having maximum stigma receptivity,
without the need for synchronous anthesis of different
accession plants. Consequently, the system becomes more
efficient, avoiding losses of floral material for manipulating
and conducting crosses more easily.
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