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ABSTRACT KEYWORDS
The aim of this study was to adjust the basic culture medium for germination Hylocereus ssp; pollen grains;
of pollen grains for the different species from the genus Hylocereus. Pollen pollen tube growth; tissue
grains from the species Hylocereus polyrhizus Weber and Hylocereus undatus culture
(Haw.) Britton & Rose were withdrawn of anthers from flowers bagged the

previous day, before its opening. Then, with a brush, the pollen grains were

spread on the surface of Petri dishes containing 20 mL of culture medium.

Four experiments were sequentially installed, considering and selecting the

best results from the previous experiment to install the next one.
Measurements were made on the length of pollen tube under different
concentrations of boric acid. Moreover, germination rate readings were

performed after 24 h. The pollen viability of species from the genus

Hylocereus varies according to species and the pollen germination was

influenced by composition and concentration of medium. The culture med-

ium for the germination of pollen grains from H. polyrhizus species must be

increased with 100 g L™" of sucrose, 518 mg L™' of calcium nitrate and

636 mg L' of boric acid, the pH being measured for 5 and the medium

solidified with 6 g L™' of agar. For H. undatus, the medium should be

composed of 100 g L™ of sucrose, 616 mg L™ of calcium, 619 mg L™ of

boric acid, 6 g L' of agar and pH 6. Both species increased the length of

pollen tube with the addition of boric acid.

Introduction

The awareness of the population in the search for a healthier diet considerably increased fruit
consumption, especially exotic fruits (Chang et al., 2019). Taking into consideration nutritional
characteristics, especially its high contents of vitamin C (20.69 mg 100 g~') and phenolic compounds
(124.55 mg 100 g') (Abreu et al., 2012), pitahaya emerges as an interesting alternative for producers
and consumers. It is a cactaceous fruit originating in the tropical forests of Mexico and Central and
South America (Hernandez, 2000). Pitahayas can be divided into four great groups: Stenocereus
Britton & Rose, Cereus Mill., Selenicereus (A. Beger) Riccob, and Hylocereus Britton & Rose, being
Hylocereus the most cultivated genus, with emphasis on two species, white-fleshed pitahaya
[Hylocereus undatus (Haw.) Britton & Rose] and Costa Rican pitahaya (Hylocereus polyrhyzus Weber).

One of the basic premises for success in genetic improvement programs of any kind is the prior
knowledge on the pollen viability, whose objectives in the case of pitahaya is the search for more
attractive esthetically and nutrient rich cultivars (Fragallah et al., 2019). There are methods cited in the
literature which can be used to obtain information on pollen viability, such as staining techniques (De
Jesus et al., 2018; Nunes et al., 2012), in vivo germination (Abdelgadir et al., 2012; Soares et al., 2014)
and in vitro germination (Sharafi, 2010, 2011). Among these methods, evaluation by in vitro

CONTACT Miria Cristina Pereira Fagundes €) miria.agro@yahoo.com.br @) Universidade Estadual de Santa Cruz, Ilheus 45662-900,
Brazil.

© 2021 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0003-4682-1317
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15538362.2021.1913469&domain=pdf&date_stamp=2021-04-27

INTERNATIONAL JOURNAL OF FRUIT SCIENCE . 557

germination is considered a practical and accurate form (Einhardt et al., 2006). In this sense, it is
necessary to prepare a culture medium containing organic and inorganic elements that reproduce
similarly the conditions offered by the feminine flower structure when receiving the pollen grain,
which is different for each species (Silva et al., 2017).

Pollen germination is influenced by several factors, such as species, season, composition and
concentration of medium, temperature and incubation time, flower development stage when collected
and collection method, and storage conditions (Sharafi, 2019, 2010; Sharafi et al., 2017). The search for
fruits of the genus Hylocereus has increased and in the literature there is little information about the
establishment of a culture medium for in vitro germination of pollen grains to provide information
about the species. Considering the foregoing, the aim of this study was to adjust the basic culture
medium for the verification of germination capacity of pollen grains for species from Hylocereus
genus.

Materials and Methods

The experiments were conducted at the Laboratory of Tissue Culture of the Federal University
of Lavras (UFLA), located in Lavras, MG, 21°14’06” S and 45°00'00” W, Brazil, with an average
altitude of 919 m. The municipality has rainy temperate (mesothermal) climate, characterized
as Cwb according to Koppen-Geiger classification. The annual average precipitation are
1,493.2 mm and temperature are 19.3°C, with 66% of the precipitation occurring from
November to February (Vilela and Ramalho, 1979). Pollen grains from Costa Rican pitahaya
(Hylocereus polyrhzius Weber) and white-fleshed pitahaya [Hylocereus undatus (Haw.) Britton
& Rose] were collected from healthy plants with four implantation years in the Fruit-growing
sector/UFLA.

Considering that the opening of flowers only occurs at dawn, flower buds that showed at the
ends white staining between the sepals and the petals were selected during the afternoon,
indicating that they would open at dawn of the next day. Thereafter, they were protected with
paper bags in order to prevent future losses and contaminations from other species. The flower
buds were collected in the following morning and taken to the laboratory for in vitro germina-
tion tests immediately.

Determination of the Culture Medium

The basic culture medium for in vitro pollen germination of both species was determined based on the
testing steps described below (Table 1). The concentration of components which provided the best
index of pollen grains germination in the previous step was used in the following steps. The pH of the
culture medium was adjusted by using solutions of sodium hydroxide (1 M) and hydrochloric
acid (1 M).

Table 1. Tested concentrations of the components at each step of the experiment to obtain the optimum basic
culture medium for the in vitro pollen germination of pitahaya species.

Tests
Steps 1 2 3 4

Agar Calcium nitrate Boric acid
(gL™ pH Sucrose (g L") (mgL™ (mgL™

6 5 0 0 0

8 6 25 200 200

10 7 50 400 400

75 600 600

100 800 800

125 1000 1000
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Evaluations

Number of Pollen Grains per Anther and per Flower

The number of pollen grains per anther and per flower was obtained by simple counting in order to
characterize the studied species. The number of anthers per flower was evaluated in 10 flowers from
different species. From these flowers, six anthers were randomly collected and each set of anthers was
stored in Eppendorf tubes uncovered at controlled temperature at 27°C for 24 hours in the dark to
promote dehiscence and thus the release of pollen grains, according to methodology established by
Ramos et al. (2008).

After 24 hours, 1,000 pL lactic acid solution was added inside the tubes. After 48 h, a 10 uL sample
from each Eppendorf was placed on a Neubauer reading slide for quantification of pollen grains with
the aid of an optical microscope in the 100x objective lens. This experiment was conducted with five
replicates, each replication consisting of four readings on the slide.

The amount of pollen grains per anther was obtained by multiplying the average number of pollen
grains from each sample by the volume of lactic acid in the solution (1,000 pL), then dividing this value
by the product between the volume of lactic acid of the sample (10 pL) and the number of anthers from
each tube. The number of pollen grains per flower was calculated by multiplying the average estimate
of pollen grains per anther by the average number of anthers per flower.

Germination Rate

According to methodology described by Chagas et al. (2010) and Figueiredo et al. (2013), pollen grains
were uniformly distributed with brush on Petri dishes containing 20 mL of medium for each step, and
were incubated at 27°C. After 24 hours of incubation, the germination rate of the pollen grains was
evaluated by using an optical microscope with 10x objective lens. The pollen grains which length of the
pollen tube exceeded twice its diameter were considered as germinated (Figueiredo et al., 2013).

During the definition of the suitable basic medium in the step of determining the concentration of
boric acid for the pollen grains germination, the length of the pollen tube was also evaluated through
measurements made by Motic Image Plus 3.0 software.

All steps were performed as a factorial experiment in a completely randomized design with four
replicates, and each replicate was accomplished to four fields of view observed by using an optical
microscope.

The obtained data were submitted to analysis of variance and the averages were compared by the
Tukey test at 5% probability and the quantitative data were submitted to regression. The analyses were
conducted by the SISVAR statistical software (Ferreira, 2011).

Results and Discussion
Number of Pollen Grains per Anther and per Flower

The following values were observed in the Costa Rican pitahaya (Hylocereus polyrhzius): average of
993 anthers per flower, 180.67 pollen grains per anther and 180,847.3 pollen grains per flower, in
contrast, in white-fleshed pitahaya (Hylocereus undatus) the found average values were 873.3 anthers
per flower, 322.2 pollen grains per anther and 281,380.6 pollen grains per flower (Table 2). It is verified
that the species H. undatus despite having a smaller number of anthers, has a greater number of pollen
grains per flower. Similar data were presented by Albuquerque Junior et al. (2010) in a study that

Table 2. Number of anthers per flower, number of pollen grains per anther and per flower of different species from genus
Hylocereus. Means from ten flowers followed by standard error.

Species Anthers per flower Pollen grains per anther Pollen grains per flower

Hylocereus polyrhizus 993.0 (+87.4) 180.7 (+24.6) 180,847.3 (+15,703)
Hylocereus undatus 873.3 (+67.8) 322.2 (£92.1) 281,380.6 (+26,348)
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evaluated the number of anthers per flower, the number of pollen grains per anther and the pollen
germination capacity of different cultivars of apple trees. In this work, it is highlighted that despite the
high average value of anthers, it cannot be stated that it indicates a greater amount of pollen grains per
flower, since the number of anthers per flower of a cultivar can vary annually due to the environmental
conditions. The large amount of pollen grains per flower can be considered an advantage in pitaya
orchards, since the supply of pollen grains facilitates pollination to obtain in fruiting.

Germination Rate

For H. polyrhzius there was no significant interaction between pH and agar, however, pH values
differed significantly at 5% level by the Tukey test. It was observed that when the pH was adjusted to 5,
a higher pollen germination rate (32.24%) occurred, and with pH elevation to 6 and 7, the recorded
values were 23.92% and 16.05% (Figure 1). However, in the present study there was no significant
difference among the agar concentrations, so the concentration of 6 g L™ was used for the continuity
of study, since this showed a higher germination rate (25.42%). For H. undatus, there was a significant
interaction between the pH and agar factors, where the maximum germination was obtained in
a medium containing 6 g L' of agar and with adjustment of pH 6, reaching 48.45% of germination.
In the other pH levels (5 and 7), the germination rate was lower, with values of 37.55% and 25.97%,
respectively (Figure 2). This relation was also investigated by Ramos et al. (2008), which studied the
germination rate of pollen grains of Citrus sinensis L. Osbeck and Nogueira et al. (2016) with in vitro
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Figure 1. In vitro germination rate of pollen grains of Hylocereus polyrhzius Weber. subjected to different pH in the culture medium.
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Figure 2. In vitro germination rate of pollen grains of Hylocereus undatus (Haw.) Britton & Rose subjected to different pH and agar
concentrations in the culture medium.
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pollen germination of different pear cultivars. Both researches stated that there is an increase in the
germination rate of pollen grains with increasing pH in the culture medium. However, studies with
in vitro pollen germination of cultivars of Ricinus communis L. performed by Cuchiara et al. (2015)
showed a pollen germination inhibition at higher pH values.

The pH is an important factor in determining the basic medium for the in vitro germination of
pollen grains, since it may influence the availability of nutrients and plant growth regulators, besides
interfering in the degree of agar solidification (Pasqual et al., 2002). According to Pio et al. (2006),
which aimed established the culture medium for pollen germination of C. sinensis, the pH has utmost
importance in the physiological processes involved in the pollen grains germination, also influencing
the chances of fertilization and hence fruiting and production. The agar, together with pH, acts as
a solidifying agent of the medium, besides influencing the osmotic equilibrium and the absorption of
nutrients. Each fruit shows different results in its need for agar concentration in the medium for the
maximization of germination.

There was a trend of linear increase in the germination rate of pollen grains inasmuch as the
sucrose concentration for both species was increased, registering the highest value when using 100 g
L', and the lowest in the absence of sucrose for both species, being (46.6%) and (60.83%) the
highest averages and (8.63%) and (6.92%) the lowest for H. polyrhzius and H. undatus, respectively
(Figure 3a,b).

Similar results were observed by Chagas et al. (2010) with pear tree rootstocks, Figueiredo et al.
(2013) with blackberry (Rubus spp.) and Nogueira et al. (2016) with pear cultivars, which higher
germination rates of pollen grain were achieved with higher sucrose concentrations added to the
medium. However, some species may require even larger sucrose amounts to achieve maximum
in vitro germination. This is the case of Ateyyeh (2005), who obtained better results in pollen
germination of Citrus maximus and Citrus paradisi using 200 g L™" sucrose. On the other hand, in
other species, such as the apple tree, the required sucrose concentration may be lower (Dantas et al.,
2005). This fact can be justified because the sucrose aimed to supply energy in the biosynthetic
processes involved in cell growth, differentiation and morphogenesis. Thus, high germination rates
achieved with the addition of sugar concentration may be a consequence of the higher energy supply
in the form of carbohydrate, favoring the growth of the pollen tube (Chagas et al., 2010; Figueiredo
et al., 2013).

With the adjustment of the quadratic equation, the maximum germination was obtained in the
concentration of 518 mg L™! of calcium nitrate (68.87%), an increase of 29% in relation to the absence
of this component for the H. polyrhzius species (Figure 4a) whereas the increment for H. undatus was
36% with the concentration of 616 mg L™', obtaining an average of 54.36% (Figure 4b). At higher
concentrations, the rates gradually decreased regardless of the species. These results corroborate those
by Silva et al. (2017), Santos et al. (2011) and Gongalves et al. (2008), which studied the pollen grains
germination from different species of physalis, ornamental banana tree (Musa Valentina H. Wendl. &
Drude) and pear (Pyrus communis L.) cv. Packham’s 01, respectively, and differ from those found by
Pio et al. (2004) for the citrus pollen germination, which obtained a higher rate with 800 mg L™" of
calcium nitrate. According to Silva et al. (2017), the response to calcium will depend on the ability of
the species or taxon to support this element.

The maximum germination with the increase of different boric acid doses was obtained with
636 mg L', reaching 86.97%, with a gradual decrease in the upper doses (Figure 5a), showing an
increase of approximately 87% in the germination rate of the H. polyrhizus. For H. undatus, the highest
average obtained was (99.87%), adjusted for 619 mg L™" boric acid, which represents an increase of
more than 100% in relation to the absence of this substance (Figure 5b). Metz et al. (2000) worked with
these two pitahaya species and found similar results for H. polyrhizus with an average germination of
82.8%, however, their results were divergent to the present study for the H. undatus species, which
reached an average of 79.2%. Boric acid had the same effect for pollen grains germination of pear
(Nogueira et al., 2016). In addition, increased in vitro pollen germination was observed in other fruit
species, as blackberry (Figueiredo et al., 2013) and rootstock of the pear (Chagas et al., 2010).



INTERNATIONAL JOURNAL OF FRUIT SCIENCE 561

‘wnipaw
24N1|N2 3Y1 Ul SUOIIRIIUSIUOD ISOIINS JUISYIP 01 PAIUWQNS () 950Y 73 UONILG ("MBH) SNIDPUN SNJa0JAH PUe (B) “IaqaM Snizy.Ajod snaiadojAH Jo suielb usjjod Jo a1es uoneulwsab oA uf g 2anbig
(;-13) asoong (,-18) asoong
4! 001 SL 0s 94 0 St 001 SL 0S 54 0
L " 1 1 1 1 1 1 1 1 O L L L L L L L L L L O
01 . o1
a TW60=cd X06T0+LLOI=A
0C @ [ m
g r oz g
0g & LB
5 [ ¢
or & 0¢ &.
S -
0s 2 U
S6'0=2d X68SY'0+LSLI9=A 09 F oS
0L [

<
=}
)



562 M. C. P. FAGUNDES ET AL.

80 1 A 64
} 60
S } 856
5 ’ } 5=
g 60 - g 18
g g A
8 50 4 O 44 Y =40.12 + 0.04617845x - 0.00003746x2 R>=0.45
[ ] Y =53.38+ 0.058x - 0.000056x> R2=045 40 { }
40 T T T T T T T T ) 36 + T T T T T T T T T ]
0 200 400 600 800 1000 0 200 400 600 800 1000
Calcium nitrate (mg L) Calcium nitrate (mg L")

Figure 4. In vitro germination rate of pollen grains of Hylocereus polyrhzius Weber. (a) and Hylocereus undatus (Haw.) Britton & Rose
(b) subjected to different concentrations of calcium nitrate in the culture medium.
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Figure 5. In vitro germination rate of pollen grains of Hylocereus polyrhzius Weber. (a) and Hylocereus undatus (Haw.) Britton & Rose
(b) submitted to different boric acid concentrations in the culture medium.

A possible explanation for such an accentuated increase in germination may be the fact that boric
acid forms an ionizable complex with sugar (sugar borate), which reacts with the plasma membrane,
promoting greater growth of the pollen tube and thus possibly increasing the germination index
(Dantas et al., 2005). Besides, boron has an effect in the reproductive phases of plants (Alva et al.,
2015), participates in the germination process and formation of the pollen tube wall (Tanaka and
Fujiwara, 2008) and reduces the possibility of the pollen splitting (Franzon and Raseira, 2006).

Regarding the size of the pollen tube, the greatest pollen tube length (0.85 mm) was reached using
500 mg L' boric acid for the species H. polyrhizus (Figure 6a) whereas a length of 1.70 mm with
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Figure 6. Pollen tube length of pollen grains of Hylocereus polyrhzius Weber. (a) and Hylocereus undatus (Haw.) Britton & Rose (b)
submitted to different boric acid concentrations in the culture medium.
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a concentration of 875 mg L™' was observed for H. undatus (Figure 6b). Both species obtained an
increase in the length of the pollinic tube, reaching an increase of four times and 13 times greater than
in the absence of boric acid, for the Costa Rican pitahaya and white-fleshed pitahaya, respectively.
Such a discrepant variation among species can be justified because each species has different needs in
relation to boric acid. However, since both species have increased may be attributed to the fact that
boron stimulates the growth of pollen tube and decreases the likelihood of its disruption (Franzon and
Raseira, 2006). An investigation about the effect of boron in pollen grain germination and tube growth
in Malus domestica L., revealed that this compound has an essential performance in those process
(Sharafi and Raina, 2020).

Conclusions

This study was able to established the basic medium for germination of pollen grains of Costa Rican
pitahaya (Hylocereus polyrhzius Weber.) and white-fleshed pitahaya [Hylocereus undatus (Haw.)
Britton & Rose]. The explored factors (pH value and compounds) to compose the culture medium
were essential to ensure the efficiency of pollen grains germination of each species. The presence of
boric acid must be highlighted since this compound was fundamental to allowed the increase of pollen
tube length, and possibly favored the pollen grains germination. The pollen grains viability and
germination varied according to species and were influenced by composition of culture medium.
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