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Abstract

The effects of external treatments with gibberellin, brassinosteroid and auxin on sexual determination and flower de-
velopment in pomegranate (Punica granatum L. cv. Cekirdeksiz) were investigated. Eigth treatments with three growth
regulators, viz., epibrassinolide at 0.01 and 0.1 ppm, homobrassinolide at 0.01 and 0.1 ppm, GA3 at 10 and 25 ppm, NAA
at 5 and 15 ppm and control (water spray) were sprayed at the time of initiation of new sprouts. Effects of the plant growth
regulators on the percent of the flowers types were not clear. Plants produced considerably more male flowers. Although
no statistical importance was detected, it was clear that all growth regulators decreased bisexual flowers and increased male
flowers. There were no significant effects of growth regulators on the formation of bisexual flowers at different positions
in the plants. The percentage of single bisexual flower was significantly higher than terminal or lateral bisexual flower
in a cluster in the control plants. Effects of the plant growth regulators on the size of the parts of the bisexual pistils
were, however, found important. The smallest ovaries were obtained from 0.1 ppm HBr, base to sepal notch was the only
characteristic which was not influenced by the treatments and stayed between 15 and 18 mm. Total pistil length of the
bisexual flowers was greatest with EBr applications and the shortest with the HBr treatments (about 27.5mm). Length of
the style and stigma was mostly shorter, but 0.1 ppm EBr boosted it up comparably more than the rest of the applications
including the control. Stigma, on the other hand, was widest in the control flowers, closely followed by all except 0.1 ppm
EBr application.
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Einfluss von Wachstumsregulatoren auf Geschlechtsauspragung und Bliitenentwicklung bei
Granatapfel

Schliisselworter Granatapfel (Punica granatum) - Bliite - Brassinosteroide - Gibberellinsidure - NAA

Introduction

In woody perennial fruit species, reproduction and crop
yield solely depend on flower development. Genetics, en-
vironment and hormones, in combination, regulate sexual
expression in flowers. Although plant species are believed
to be predisposed to having certain type of sex and not
change it throughout their lives, it is well documented that
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age, dry soil, high light intensity, etc., could cause sex dif-
ferentiation (see Freeman et al. 1980). In addition, exoge-
nous application of hormones can alter flower primordia to
have a sex conversion in plants, depending on their time of
application and concentration (Papadopoulou et al. 2005).
Gibberellins and cytokinins, hormones responsible for
inducing flowering, could masculinize or feminize flowers
(Khryanin 2002). Studies in mung bean (Arteca et al. 1983),
tomato (Vardhini and Rao 2002) and Arabidopsis (Woeste
et al. 1999) showed that ethylene and brassinosteroids also
play arole in sexual expression in certain species. Abubakar
et al. (2012) showed in pomegranate that homobrassinolide
decreased abscission and increased return bloom, without
reference to flower sexes. How much brassinosteroids are
involved in sexual differentiation in plants is not clear. Pa-
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padopoulou et al. (2005) realized a number of external treat-
ments with brassinolide in cucumber, melon and zucchini
and concluded that cucumber was more sensitive than zuc-
chini, by reducing the number of male flowers in the ini-
tial phase of development and promoting the initiation of
the first female flower in the main shoot. Manzano et al.
(2011) reported that cucumber plants were more sensitive
to ethylene than to brassinosteroids and concluded that even
though they may regulate the induction of female flower,
depending on genotype, the role of brassinosteroids was not
clear.

Pomegranates are andromonocious plants carrying both
male and hermaphrodite flowers in one plant. This fruit
species is known for its extended flowering period with
overlapping stages of flower development and differing ra-
tios of male to herpahroditic flowers from beginning to end
of bloom. Growth regulators have been used to increase
the flowering, to increase size of the flowers and to min-
imize the dropping of hermaphrodite flowers (Abubakar
et al. 2012; Anawal et al. 2015). However, their effects
on possibly changing ratio of flower sexes have been over-
looked and not discussed. In this study, a number of exter-
nal treatments with gibberellins, brassinosteroids and aux-
ins were performed on one of the commercially improtant
pomegranate cultivar in Turkey and their effects on on sex-
ual determination and flower development were discussed.

Material and Method
Plant Material

Pomegranate (Punica granatum L.) cultivar ‘Cekirdeksiz’
(Seedless) was selected as the plant material. This cultivar
is early ripening (September) and one of the many cultivars
bred through selection by Alata Horticulture Research In-
stitute, Mersin, Turkey from Antalya region in the Mediter-
ranean region. Its rind is green yellow (ground) and little
red (atop) with pink arils. It has sweet taste (Yilmaz 2007).
The orchard site was located at the Horticulture Experimen-
tal Farm, Canakkale Onsekiz Mart University, Canakkale,
Turkey, Sm above sea level. A total of 27 trees were selected
for the research. Samples were collected from 13-year-old
trees, planted at distance of Smx 3 m. Selected trees were
cultivated the same, such as pruning, fertilization, irrigation
and disease control.

Treatments
Types and concentrations of the plant growth regulators
used were as follows: naphthalene acetic acid (NAA) with

concentrations of 5 and 15mgL-!; gibberellic acid (GA;)
with concentrations of 10 and 25mgL-!; homobrassino-
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lide (HBr) with concentrations of 0.01 and 0.ImgL;
and epibrassinolide (EBr) with concentrations of 0.01 and
0.1mgL-'. Four plant growth regulators were applied at
bud break (May 21, 2015) with a handgun sprayer until
runoff. Applications were realized on windless days using
an average of 1.2+0.27L of solution per tree. Pure water
was sprayed on the control trees. In order to attain high
wetting, 0.1% Tween 20 was added to the solutions before

spraying.
Measurements

All flowers of both types (functional male and hermaphro-
dite) at the open petal stage were collected from uniform
branches about the same length and diameter from trees
and brought to the laboratory for measurements. Bisexual
(Fig. 1a, b) and functional male (Fig. lc, d) flowers were
separated based on the size of the pistil. It is shortened in the
male flowers. The number of bisexual and functional male
flowers per application was determined. Sex determination
in each plant was determined as the percentage of bisexual
flowers per plant in all applications.

Bisexual flowers were categorized into three differ-
ent positions. Bisexual flowers were numbered as single
flower (Fig. 2a), terminal flower (Fig. 2b) on a cluster
and lateral flower (Fig. 2c) on a cluster and flower parts
measured. Flower characteristics measured were 1) ovary
width, 2) base to sepal notch length, 3) total pistil length,
4) stigma+ style length and 5) stigma diameter (Fig. 2d).

Statistical Analysis

The experiment was carried out in a complete random-
ized design with three replications containing one tree per
replicate per treatment. The statistical analysis was per-
formed using statistical analysis software MINITAB soft-
ware (Minitab Inc., ver.16), and the significant means were
compared using Tukey’s test.

Results and Discussion

Flowering of the pomegranate cultivar, ‘Cekirdeksiz’ oc-
curred about 40 days after bud break on newly devel-
oped branches of the same year, mostly on spurs or
short branches. Flowers of the ‘Cekirdeksiz’ cultivar
were grouped into two types of flowers on the same
tree; hermaphrodite (bisexual) and functional male flowers.
Literature classified flowers depending on the length of
the pistil in the flower. Wetzstein et al. (2011) expressed
two types of flowers on the same tree: hermaphroditic
bisexual flowers and functionally male flowers in the
pomegranate. In contrast, Chaudhari and Desai (1993)
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Fig.1 Pomegranate flowers. a Hermaphrodite flower, b Hermaphrodite flower showing anthers with red filaments and well developed pistil,
¢ Functional male flower, d Functional male flower showing anthers with red filaments inserted on the inner surface of the calyx tube and well

developed stamens but an underdeveloped pistil (arrows)

Fig.2 Pomegranate flowers. a Single near sessile flower, b Terminal flower. Flower cluster with a central flower subtended by closed buds,
¢ Lateral flower. Flower cluster with a lateral flower subtended by closed buds, d Longitudinal section of a bisexual flower showing measurements
of ovary width, base to sepal notch length, total pistil length, stigma+ style length and stigma diameter

classified pomegranate flowers into three types: male,
hermaphroditic, and intermediate.

Effects of the plant growth regulators on the percent of
the flowers types were not clear (Table 1). Plants produced
considerably more male flowers. Although no statistical im-
portance was detected, it was clear that all growth regula-
tors decreased bisexual flowers and increased male flower
formation. Respective evidence is supportive in terms of
gibberellic acid effect. Chaudhari and Desai (1993) reported
increased and decreased number of male and hermaphrodite
flowers, respectively, in pomegranate after GAjz application.
Ahire et al. (1993) applied hormones 75 days after start
of bloom and found that GA; induced more male flowers
and less hermaphrodite flowers. However, Goswami et al.
(2013) reported that 50 ppm NAA was found effective on
increasing hermaphrodite flowers. The difference with the
study at hand might have been due to genotype and/or con-
centration. Anawal et al. (2015) stated that budbreak appli-
cation of NAA and GAj; did not result in the production of
more flowers in pomegranate.

Flowers appeared single, terminal or lateral on a cluster
(Table 1). Bisexual flowers were near sessile and born either

singly or in clusters of commonly one terminal flower sub-
tended three or four lateral flowers. There were no signifi-
cant effects of growth regulators on the formation of bisex-
ual flowers at different positions in the plants. The percent-
age of single bisexual flower was significantly higher than
terminal or lateral bisexual flower in a cluster in the control
plants. However, the ratios change in the declining direc-
tion when plants were exposed to the hormones. The second
highest ratios were obtained from lower GAs, and higher
concentrations of HBr and EBr applications. Control plants
had the lowest amount of terminal bisexual flowers, as did
the rest of the applications except for 25ppm GAj; treat-
ment (55.5%). Lateral hermaphrodite flowers were mostly
found in the plants exposed to higher NAA and lower HBr
and EBr concentrations. The percentage of male flowers in
pomegranate can be significant and more than 60 to 70%
depending on variety (Engin and Gokbayrak 2017) and sea-
son (Chaudhari and Desai 1993; Mars 2000).

Effects of the plant growth regulators on the size of the
parts of the bisexual pistils were on the other hand found
important (Table 2). Only application that resulted in the
smallest ovaries was 0.1 ppm HBr, and the others resulted
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Table 1 Effects of plant growth regulators on the ratio (%) of bisexual and functional male flowers and the sex determination of bisexual flowers
at different positions in ‘Cekirdeksiz’ pomegranate cultivars
Treatments Sexes of flowers (%) Bisexual flowers at different positions (%)
mgL! Bisexual Functional male Single Terminal Lateral

Mean Range Mean Range Mean Range Mean Range Mean Range
NAAS 16.4 4.88-27.9 83.5 77.1-90.0 373 20.8-53.7 22.3b* 20.8-23.8 40.2 9.49-71.1
NAA 15 10.6 5.42-15.7 89.4 81.7-97.1 30.1 4.72-55.2 20.3b 19.5-21.1 49.5 3.25-95.9
GA3 10 7.62 5.11-10.1 923 88.0-96.7 57.6 38.4-76.9 15.3b 7.69-23.0 26.9 13.8-39.9
GA3 25 11.1 3.91-18.3 88.8 87.6-90.1 333 11.1-55.5 55.5a 21.2-89.9 11.1 9.71-12.4
HBr 0.01 13.8 7.17-20.5 86.1 76.7-95.5 41.5 3.96-79.2 11.8b 3.44-20.3 48.5 7.97-89.0
HBr 0.1 9.09 2.17-16.0 90.9 82.7-99.1 56.0 24.5-87.5 12.8b 4.54-21.1 30.3 10.1-50.5
EBr 0.01 14.4 6.86-22.0 85.5 73.3-97.8 36.6 17.7-55.5 17.7b 8.88-26.6 45.5 11.1-80.0
EBr 0.1 15.8 4.11-27.6 84.1 70.0-98.2 58.7 28.5-88.9 6.34b 1.58-11.1 34.9 7.73-62.1
Control 229 9.21-36.6 71.0 59.7-94.4 75.0 60.9-89.1 4.16b 3.30-5.03 20.8 5.16-36.5

“Means within the column with different letters are significantly different at p < 0.05

Table2 Size measurements of parts in bisexual flowers in the pomegranate cultivar ‘Cekirdeksiz’ when treated with plant growth regulators

Treatments ~ Measurement (mm)
mgL! Ovary width Base to sepal notch Total pistil length Stigma + style length Stigma diameter
Mean Range Mean Range Mean Range Mean Range Mean Range

NAAS 29.3a 21.5-36.5 154a 11.8-19.1 30.4b 24.3-38.8 12.0e 10.9-13.1 1.01ab 0.68-1.37
NAA 15 30.5a% 22.6-41.5 17.7a 10.1-244  29.8 ab 23.1-41.7 13.5de 11.0-18.1 0.97 ab 0.42-1.77
GA3 10 27.6a 24.3-345 17.8a 10.1-24.5 32.8b 23.5-39.2 15.1¢ 6.46-229  0.95ab 0.36-1.73
GA325 27.7a 244-346 169a 8.41-31.9 31.8b 16.8-45.5 15.0¢c 6.67-23.1 0.96ab 0.22-1.77
HBr 0.01 27.7a 224-409 159a 11.3-31.9  27.4c 21.8-39.9 14.5¢cd 11.4-16.6  0.97ab 0.61-1.40
HBr 0.1 21.4b 14.6-31.1 15.2a 8.47-25.5 28.1c 16.8-38.7 11.9¢ 6.67-16.7 1.07 ab 0.80-1.31
EBr 0.01 30.9a 254-374 17.8a 11.1-27.8  36.9a 29.7-45.5 17.1b 12.1-209  0.93b 0.37-1.62
EBr 0.1 30.8a 20.8-39.2 179a 12.1-254  36.7a 25.9-44.3 19.8a 15.7-23.1 0.70¢ 0.22-1.28
Control 27.6a 24.3-345 169a 13.4-24.1 32.8b 23.4-39.3 15.3¢ 11.7-18.5 1.18a 0.93-1.74

Means within the column followed by different letters are significantly different at p < 0.05

in similar sizes. Base to sepal notch was the only character-
istic which was not influenced by the treatments and stayed
between 15 and 18 mm. Total pistil length of the bisexual
flowers was greatest with EBr applications (approx. 37 mm)
and the shortest with the HBr treatments (about 27.5 mm).
Length of the style and stigma was mostly shorter, but
0.1 ppm EBr boosted it up comparably more than the rest of
the applications including the control. Stigma, on the other
hand, was widest in the control flowers, closely followed by
all except 0.1 ppm EBr application. These results showed
that size of the pistil was affected by the hormones, how-
ever the type of the hormone had varying influences. Epi-
brassinolide was the main hormone that elongates the pistil,
while it narrows down the surface of the stigma, depending
on the concentration. Literature lack information regarding
the individual effects of the hormones on components of
the pistil in the bisexual flowers, rendering the results hard
to be discussed. The closest study was by Anawal et al.
(2015) who found that 100ppm NAA resulted in longest
and widest flowers in pomegranate.
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In pomegranates sex expression may be controlled by
hormonal factors. In our research, all exogenous treat-
ments of different plant growth regulators increased the
production of functional male flowers and decreased that of
hermaphrodite flowers, compared to the untreated plants.
Influence of the hormones were more evident with de-
velopment of the pistils in bisexual flowers. The long-
styled flowers with larger ovary usually developed with
epibrassinolide application, whereas the short-styled bi-
sexual flowers with narrow ovaries developed on higher
homobrassinolide concentration. The role of two type of
brassinosteroids in the control of sex determination of
pomegranate still stays undetermined and warrant more
investigation in order to help growers and breeders to shift
flowering process towards the way desired.

Conflict of interest H. Engin and Z. Gokbayrak declare that they have
no competing interests.
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