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Abstract

The low germination rate and poor seed set contribute to the low rose breeding success. The study aimed to assess the
hybridization performance of miniature roses and the qualitative and quantitative traits of the progeny. In the study twelve
different commercial miniature pot rose varieties, an old garden rose species (Halfeti Rose, Rosa odorata Louis XIV),
and two different commercial cut rose cultivars of Rosaxhybrida species (First Red, Myrna) were used as plant material.
36 different hybrid combinations were created and 850 hybridizations were performed. The average number of seeds per
fruit was 9.48 and the average seed germination rate was 15.81%. Morphological characterization, including the number
of flowers, flower diameter, plant height, flower and leaf color, and scent, was performed on 236 F, genotypes. Although
miniature rose x cut rose had a pre-pollination barriers, no pre-pollination barrier was observed in miniature rose x Halfeti
rose combinations, and F; genotypes obtained from this combination showed some superior characteristics such as plant
height, number of flowers and characteristic scent compared to other combinations. In addition, the progenies exhibited
dwarf characteristics in terms of plant height and flower size, which were influenced by the maternal parent. Fragrant
genotypes were obtained, and a significant diversity in color was observed.
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1 Introduction

Roses are an important ornamental plant with a wide range
of uses. Although they are mostly used as cut flowers
and landscaping plants, according to Royal FloraHolland
(2020), they are the 2nd most sold flowers among indoor
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ornamental plants and worth about 14.5 million Euros and
approximately 15.7 million pieces of pot rose were sold
(AIPH/Union Fleurs 2021). A subset of rose families known
as miniatures are diminutive versions of standard roses, yet
share all of their traits. “Pot roses” are sold for indoor use
and are more adaptable than other rose varieties. Breeders
are driven to create new miniature rose cultivars and effec-
tively enhance existing ones by the growing demand from
consumers for potted miniature roses.

Developing new rose types requires a significant effort
and financial commitment. As such, there is a constant
demand for a scientifically rigorous investigation into
inheritance mechanisms to document properly rose breed-
ing and for genetically better breeding to resist conditions.
Better results are achieved by crossing closely related vari-
eties with similar ancestry, which is advantageous com-
mercially. However, compatibility obstacles may restrict
crossing success (Younis et al. 2014). The infertility and
sterility of the parents of the pollen donors are additional
issues. Breeders, therefore, aim to include fertile parents
in gene pools. The main selection factors in potted minia-
ture rose breeding include flower color, size, petal count,
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plant habit, scent, bloom count per stem, and flower lon-
gevity. Numerous rose varieties have been created using
traditional breeding techniques until today. Although minor
gene crossing occurred, these cultivars undoubtedly satisfy
the breeder’s requirements for desired features (Abdolmo-
hammadi et al. 2014; Dogan et al. 2022). Consequently,
there was reduced variance in cytology-occurred compat-
ibility between the potential cultivars. Furthermore, genetic
obstacles to hybridization can often complicate creating of
interspecific hybrids in roses (Meral 2023). In addition, pot-
ted miniature roses are known for their challenging sexual
reproduction, from pollination to seed set and germination,
and they lack a sufficient pollen source for pollinators (Datta
2018). Therefore, less focus has been placed on scientifi-
cally rigorous studies on the quantitative and qualitative
traits in their hybrids, even though some researchers have
reported that miniature roses produced mini roses when
crossed with climbers, floribunda, cut flowers, or bush roses
(Datta 2018).

Due to limited research on miniature roses, there is no
clear information on the propagation and hybridization
of miniature pot roses. This study aimed to ascertain the
hybridization performance of miniature roses, as well as the
qualitative and quantitative traits of their progeny.

2 Materials and methods

2.1 Material

The study was conducted in the rose breeding greenhouse
at the Department of Horticulture, Faculty of Agriculture,
Ankara University (Turkey), from May 2019 to October
2022 (39°57'40.2"N, 32°51' 51.7"E) (Google Maps 2021).
The ploidy levels of all the roses in the study were examined
at the Plant Genetics and Cytogenetics Laboratory, Tekirdag
Namik Kemal University, Faculty of Agriculture, Depart-
ment of Field Crops.

Rosa odorata Louis X1V, also known as ‘Halfeti Rose’ or
‘Black Rose’, is an old garden rose and was used as a pater-
nal parent. Additionally, two commercial cut rose cultivars
of Rosa x hybrida species (‘First Red’ and ‘Myrna’) were
also used as male parents. As female parents, 12 commer-
cial potted miniature rose varieties (‘Red Romance’, ‘Rosa
Sweet Star’, ‘Hot Jewel’, ‘Purple Jewel’, ‘Rosa Bling Love
Star’, ‘Sparkling Jewel’, ‘Rosa Lady Star’, ‘Icy Jewel’,
‘Rosa White Star’, ‘Rosa Shining Star’, ‘Orange Romance’,
‘Orange Jewel’) were selected. Commercial potted minia-
ture roses were selected from the most popular varieties in
the market and obtained from various companies.

Twenty or more plants of each genotype were grown
in individual pots (28 cm x 26 cm) using cocopeat and
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perlite. The temperature in the greenhouse was maintained
at 23+5 °C, and the relative humidity ranged from 60 to
70% during the growing period. Bright summertime light
was prevented from harming the plants by using a 55%
heat-shaded screen. A fertigation system, controlled by a
computer, was used to deliver fertilizer and water to the
plants via a drip irrigation system.

2.2 Method
2.2.1 Evaluation of ploidy levels, pollen germination test

Before hybridization, the ploidy levels of the plants were
determined. The PARTEC (CyFlow Space) flow cytometry
apparatus was used to measure the ploidy levels, and chro-
mosome counting was employed to confirm these levels.
The number of chromosomes was determined by count-
ing the mitotic chromosomes from preparations made with
root tip meristem tissues. First, the core DNA content of the
plants was determined. Then, the chromosome count of a
plant with distinct DNA content was recorded, and the DNA
content was correlated with the chromosome number to
determine the ploidy level. The investigation revealed that
each plant sample contained core DNA from three different
plants.

To examine pollen germination, anthers from the tight
flower buds of ten plants were extracted one day prior.
For dusting, the pollen was placed in a glass bottle and
incubated for 24 h at 24 °C and 60—65% humidity. Three
petri dishes were used for each replicate. The germination
medium consisted of 10 ppm boric acid and 20% sucrose
in 1% agar (Eti 1990) to measure the cultivars’ in vitro pol-
len germination. Four replicates were carried out for each
pollen parent. Pollen was applied to the medium using a
paintbrush. The material was incubated for 24 h at 24 °C
and 60—65% humidity before assessing the pollen germina-
tion. A pollen tube was considered germinated when it was
at least 1.5 times longer than its starting point (Leus, 2005;
Dogan et al. 2020).

2.2.2 Hybridization

For hybridization, both the pollen and seed parents were
prepared. Anthers were gathered and kept in an incubator
at 22 °C and 60-65% humidity to prepare pollen for dust-
ing. The seed parents were emasculated (male organs were
removed) in the morning to prevent self-pollination (Chi-
monidou et al. 2007). When flower buds were between 50%
and 60% open, the petals were removed and paper bags were
placed over the flower buds. Then pollen was then sprayed
onto the stigma of the emasculated plants using a brush in
the morning (Spethmann and Feuerhahn 2003). Each cross
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was labeled and covered with paper bags for five days to
prevent contamination. The hybridization process was car-
ried out from June 1, 2019, to July 30, 2019.

The mature fruits, known as hips, were collected in
November 2019. Immediately after harvesting, fruit weights
(FW) were recorded. The seeds extracted from the fruits
were counted and the number of seeds per fruit (SPF) was
calculated. The weights of the seeds (SW) were measured
next. The F1 hybrid seeds were subjected to 100 days of
moist cold stratification at 4+1 °C to begin germination.
The seed germination rate (SG) was calculated. Seeds were
then planted in a 1:1 mixture of peat and cocopeat. Data
were recorded for fruit set, total seeds, number of seeds per
fruit, fruit weight, total seed weight, and germination rate
for each cross, starting from cross-pollination. Seedlings
were transferred to pots and grown for one year. In April
2021, progenies were budded to compare growth and mor-
phology. At least 20 dustings were performed for each com-
bination. A total of 850 hybrids were obtained, consisting of
36 combinations.

2.2.3 Qualitative and quantitative traits

Full-bloom stages were noted when the flowers had fully
opened, and flower diameters were measured using a digi-
tal caliper while the flowers were actively growing (Kilig
2020). Plant height, measured in centimeters (cm), was
recorded as the distance from the root to the tip of the termi-
nal bud (Dogan, 2022). The number of petals was counted
for at least two flowers of each genotype when the stigma
and anthers were visible in the F, progeny flowers (Kon-
ning-Boucoiran et al., 2012). Only the petals of the flowers
were considered in the evaluation.

A sensory evaluation method was used to assess the scent
of F, progenies. The authors carried out the classification

Table 1 The nuclear DNA contents and ploidy contents of miniature
pot rose cultivars

Cultivars Sample Stan- Amount DNA Ploidy
peak  dard of DNA (pg/2 C) level
peak

Red Romance 125.42 247.07 3.65 1.95 2n=4x
Rosa Sweet Star 127.10 192.26 3.65 241 2n=4x
Hot Jewel 112.07 258.64 3.65 1.87 2n=4x
Purple Jewel 11431 177.63 3.65 2.35 2n=4x
Rosa Bling Love 10533 173.34 3.65 2.22 2n=4x
Star

Sparkling Jewel 11442 211.12 3.65 1.98 2n=4x
Rosa Lady Star 148.53 215.84 3.65 2.51 2n=4x
Icy Jewel 127.29 192.63 3.65 2.41 2n=4x
Rosa White Star 138.43 211.15 3.65 2.39 2n=4x
Rosa Shining Star ~ 124.01 190.89 3.65 2.37 2n=4x
Orange Romance 132.30 198.37 3.65 2.43 2n=4x
Orange Jewel 12790 194.34 3.65 2.40 2n=4x

based on their observations and expertise. A simpler method
was used to evaluate the intensity of the aroma. The intensity
of the scent was measured in the morning, when the flowers
were in full bloom, in a separate, well-ventilated room. The
following rating system was used to evaluate the scent of
flowers: 1=no scent, 2=slight or mild scent, and 3 =strong
scent (Brattoli et al. 2011). Flower color was evaluated and
reported as a percentage of progeny.

Foliage color was also rated using the following system:
I =matte green, 2=glossy light green, and 3=glossy dark
green (Kilig 2020). The period between the blooming of the
flowers and the loss of their aesthetic appeal, when the pet-
als begin to fade and fall, is known as floral persistence. The
total number of blooms on each progeny stem was counted,
from the first bloom to just before pruning. The period from
planting the hybrid individuals until flowering was referred
to as ‘the duration of blooming’ (Dogan, 2022).

The morphological characteristics of one-year-old F,;
plants resulting from hybridization were examined over
three flowering periods (May-October 2021). Observations
continued on all flowers of each genotype throughout the
flowering period.

2.3 Statistical analysis

Three replications and a fully random design were used
for the crossbreeding and pollen quality studies (Wasonga
et al. 2020). At least twenty crossings were made in each
replication of the crossbreeding. For the pollen germina-
tion test, two randomly selected slices from each petri dish
were counted in four different places. An average of 250
pollen grains were counted per region using both methods.
IBM SPSS Statistics version 20.0 was used for the statistical
analysis. The angularly transformed data was subjected to
an analysis of variance. Duncan’s test determined the mean
differences (P<0.05).

3 Results
3.1 Ploidy levels and pollen germination rates

The nuclear DNA content of miniature roses, determined by
the flow cytometry method, varied between 1.87 pg/2 C and
2.51 pg/2 C. The ploidy levels of all miniature rose varieties
used in the study were determined to be tetraploid (2n=4x)
(Table 1). In previous studies, the 2 C DNA contents of Hal-
feti Rose (Rosa odorata Louis XIV) (2.44 pg/2 C), ‘First
Red’ (2.36 pg/2 C), and ‘Myrna’ (2.47 pg/2 C) were deter-
mined using the same method, and their ploidy levels were
reported to be tetraploid (2n=4x) (Dogan et al. 2020; Kazaz
et al. 2020).
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Pollen from ‘Halfeti Rose’, ‘First Red’, and ‘Myrna’
was collected in bulk from at least 20 flowers (each flower
from a different plant of the same genotype) by gathering
the anthers. Pollen germination rates among the genotypes
showed statistically significant differences. ‘Halfeti Rose’
exhibited the highest pollen germination rate of 40.88%,
followed by ‘First Red’” with 13.79% and ‘Myrna’ with
12.88% (Table 2).

3.2 Comparison of several fertility parameters in
cross-combination

Statistically significant differences were observed among
all parameter values, including fruit set, fruit weight, num-
ber of seeds per fruit, and seed germination in all hybrid
combinations. However, no statistical difference was found
between the hybrid combinations in terms of seed weight
(»<0.05). The Rosa White Star x First Red combination had
the highest percentage of fruit set (87.50%). However, in
two different hybrid combinations with Myrna as the father,
no fruit set was observed (Rosa Sweet Star x Myrna and
Orange Jewel x Myrna). The maximum number of seeds per
fruit was recorded in crosses of Orange Romance x Halfeti
Rose (23.40 seeds), followed by Sparkling Jewel x Halfeti
Rose (21.0 seeds) (Table 3). A minimum number of seeds
per fruit (2.75 seeds) was obtained from Rosa Sweet Star
x First Red, excluding those that did not show fruit forma-
tion. As a seed parent, Rosa Lady Star showed the lowest
fruit weight (0.53 g) and seed weight (0.07 g) when crossed
with Myrna. The maximum percentage of seed germination
(65.79%) was achieved in the combination of Rosa Lady
Star x Halfeti Rose. However, no germination was observed
in the seeds of the following hybrid combinations: Purple
Jewel x Myrna, Sparkling Jewel x First Red, Sparkling
Jewel x Myrna, Rosa Lady Star x Myrna, and Icy Jewel x
Myrna (Table 3).

The features investigated were grouped into two major
categories using heat map analysis based on the fertility
indices of various cross combinations. Fruit set rate was
included in the first major group, while fruit weight, total
seed weight, seeds per fruit, and seed germination rate were
included in the second major group. Additionally, the cross
combinations were hierarchically grouped into two major
categories. The first main group was located at the top of the
map, comprising 7 different combinations (SJ x FR, OR x
M, RLR x H, OR x FR, SJ x H, IJ x H, SJ x M). These were

Table 2 In vitro pollen germination rates of pollen parents

primarily combinations with Sparkling Jewel (SJ) as the
seed parent, where positive trends were represented by blue
hues, and negative trends by yellow hues. Compared to all
other cross combinations, these were grouped into a single
cluster that showed higher values for fruit set rate (FS) and
the average number of seeds per fruit (SPF). The second
main group included 29 cross-combinations, which were
divided into two subclusters. The first subcluster showed
comparatively higher values for seed germination rates (SG)
and fruit set rate (FS), clustering into a single subset. Eight
cross-combinations (RR x H, RLR x FR, RSw x M, RSh x
H, RSh x M, PJ x M, HJ x M, RR x M) were included in
this subset. It was determined that in this subset, combina-
tions where the male parent was Myrna were predominantly
included. The second subcluster showed comparatively
higher values for fruit set rate (FS), clustering into a single
subset, with other hybrid combinations grouped under this
subset (Fig. 1).

A correlation analysis was conducted to predict the
degree of association between the parameters. Fruit weight
and number of seeds per fruit showed the highest positive
correlation (r=0.695**). Although a significant correlation
(r=0.487**) was found between fruit set and fruit weight,
a negative correlation (» = -0.100) was found between the
number of seeds per fruit and seed germination (Table 4).

3.3 Qualitative and quantitative characteristics of
F, plants

Significant differences (p <0.05) were observed between the
parent genotypes and F1 hybrid progenies in plant height.
The tallest heights were recorded for First Red (130 cm) and
Myrna (127 cm) among the parents (Table 5). The tallest
progenies were recorded for Rosa Sweet Star x First Red
(33.04 cm) and Rosa Shining Star x First Red (28.53 cm)
(Table 6). While significant statistical differences (p<0.05)
were observed among the parents regarding flower diam-
eter, no such differences were found between the F1 prog-
enies (Tables 5 and 6). First Red (10.76 cm) had the largest
flower diameter among the parents, while Sparkling Jewel x
Halfeti Rose (5.69 cm) exhibited the largest average diam-
eter among the F1 genotypes. The petal numbers of the par-
ents ranged from 30 (Orange Romance, Orange Jewel) to
115 (Purple Jewel), while the petal numbers of the F1 geno-
types ranged from 19.02 (Orange Jewel x First Red) to 70
(Red Romance x Myrna). No statistical differences in leaf

Pollen parents

Pollen germination rate (%)

Myrna
First Red
Halfeti Rose (Rosa odorota Louis XIV)

12.88b
13.79b
40.88 a

The letters indicate the differences between the means (P<0.05)
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Table 3 Comparison of several fertility parameters in Rosa hybrid combination

Hybrid combination FS FW SW SPF SG
X4 (%) (8) (8) (seed) (%)
Purple Jewel (PJ) Halfeti Rose (H) 84.71 a 2.90 a-c 0.29 a 13.28 ef 19.67 fg
First Red (FR) 15.00 no 1.54 c-g 0.13a 5.67 m-o 23.53 ¢
Myrna (M) 18.18 k-n 2.08 b-f 0.18a 7.75 j-m 0.00 k
Sparkling Jewel Halfeti Rose (H) 9.09r 3.64a 0.66 a 21.00 ab 19.05 fg
(1) First Red (FR) 455s 1.10 f-h 0.04 a 3.000 0.00 k
Myrna (M) 476s 2.17 b-f 0.15a 5.00 m-o 0.00 k
Hot Jewel Halfeti Rose (H) 4333 g 1.97 b-f 0.24 a 10.08 g-j 22.14 ef
(HT) First Red (FR) 15.79 m-o 1.41d-g 0.13a 533 m-o 21.88 ef
Myrna (M) 20.83 k 223 b-f 032a 11.80 f-h 1739 ¢
Rosa Sweet Star Halfeti Rose (H) 25.81j 1.81 b-g 0.19a 5.13 m-o 12.20h
(RSw) First Red (FR) 20.00 kl 1.96 b-f 0.17 a 2.75 op 18.18 g
Myrna (M) 0.00t 0.00 h 0.00 a 0.00 p 0.00 k
Rosa Shining Star (RSh) Halfeti Rose (H) 80.56 b 1.84 b-g 0.19a 6.83 k-n 43.94 b
First Red (FR) 31.031 1.00 f-h 0.12a 4.22 no 36.84 ¢
Myrna (M) 33.33 hi 2.11 b-f 023 a 7.00 j-n 30.61d
Red Romance Halfeti Rose (H) 50.00 £ 1.90 b-f 0.14a 4.46 no 31.03d
(RR) First Red (FR) 17.39 k-n 2.22 b-f 022a 5.75 m-o 21.70 ef
Myrna (M) 12.50 op 2.11 b-f 0.19a 6.60 I-n 3947¢
Orange Romance Halfeti Rose (H) 16.67 I-n 3.06 ab 0.70 a 2340 a 5.871j
(OR) First Red (FR) 15.00 no 2.03 b-f 0.39a 19.00 be 13.29h
Myrna (M) 25.00j 1.36 d-g 021 a 12.40 fg 7911
Rosa White Star Halfeti Rose (H) 69.57 ¢ 2.82 a-c 0.72 a 19.38 be 1.61k
(RWS) First Red (FR) 87.50 a 2.80 a-c 0.54a 15.62 de 5.79 ij
Myrna (M) 63.33d 2.10 b-f 030a 6.74 k-n 13.28 h
Rosa Bling Love Star Halfeti Rose (H) 65.00d 2.85a-c 049 a 16.85 cd 0.46 k
(RBL) First Red (FR) 61.90d 2.53 a-e 022a 9.77 gk 8.66 i
Myrna (M) 5495¢ 2.71 a-d 0.16 a 11.04 f-h 2435¢
Rosa Lady Star Halfeti Rose (H) 2593 1.26 e-g 0.18 a 10.86 f-i 65.79 a
(RLR) First Red (FR) 19.05 k-m 2.01 b-f 0.25a 13.25 ef 1698 g
Myrna (M) 5.00's 0.53 gh 0.07 a 7.00 j-n 0.00 k
Icy Jewel Halfeti Rose (H) 15.00 no 2.25b-f 030a 7.33jn 455]
() First Red (FR) 20.00 k1 2.11 b-f 034a 9.00 h-1 16.67 g
Myrna (M) 10.00 pr 1.67 c-g 034 a 8.00 i-m 0.00 k
Orange Jewel Halfeti Rose (H) 35.00 h 1.80 b-g 0.24 a 13.86 ef 7.221j
(Y] First Red (FR) 20.00 k1 1.28 e-g 0.23a 1225 fg 6.12 ij
Myrna (M) 0.00 t 0.00 h 0.00 a 0.00 p 0.00 k

FS; Fruit set. FW; Weight of Fruit, SW; weight of total seed, SPF; seed per fruit, SG; germination of seed.The letters indicate the differences

between the means (P<0.05)

color were observed between the parents and progeny. The
progenies of the Orange Romance x Halfeti Rose combina-
tion had the highest scent score, despite Halfeti Rose being
the only parent with the highest score. The number of flow-
ers per plant ranged from 1.10 (Rosa Sweet Star x Myrna) to
9 (Icy Jewel x Halfeti Rose) among the F1 genotypes. The
progeny of Rosa Sweet Star x Myrna (41.63 days) exhibited
the longest flower period, followed by progenies of Orange
Jewel x Halfeti Rose (24.50 days) (Table 6).

The phenotypic relationship between parents and proge-
nies was determined by plotting the average values of the F,
genotypes from 36 combinations against the parental traits
on a hierarchical clustering heatmap. Two major categories

were established based on the five traits examined. Pollen
parents differed from both seed parents and F, progenies in
terms of petal number, plant height, flower diameter, leaf
color, and scent. Furthermore, cross combinations were
grouped hierarchically into two main categories. The first
group consisted of pollen parents (H, FR, M), while the sec-
ond group included all seed parents and progenies. Among
the parameters, the hierarchical clustering divided them
into two key groups. Petal number and plant height were
included in the first group, while flower diameter, leaf color,
and scent were placed in the second group. The offspring
were observed to be closer to the parents in both plant height
and petal number (Fig. 2).
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Fig. 1 The heat map with hierar-

chical clustering of some fertility
parameters analyzed for each 36
cross-combinations. FS; Fruit set,
FW; Weight of Fruit, SW; weight
of total seed, SPF; seed per fruit,
SG; germination of seed. The
color coded scale indicates an
increase from blue to yellow. RR;
Red Romance, RSw: Rosa Sweet
Star, HJ; Hot Jewel, PJ: Purple
Jewel, RBL; Rosa Bling Love
Star, SJ; Sparkling Jewel, RLR:
Rosa Lady Star, 1J; Icy Jewel,
RWS; Rosa White Star, RSh;
Rosa Shining Star, OR; Orange
Romance, OJ; Orange Jewel, H;
Halfeti Rose, FR; First Red, M,
Myrna

3
Table 4 Correlation of some fertility parameters
FW FS SW SPF SG

FW 1.000 0.487" 0.336" 0.695" 0.041
FS 1.000 0.242 0.315 0.174
SW 1.000 0.233 0.060
SPF 1.000 -0.100
SG 1.000

*, Significant (P<0.05); **, highly significant (P<0.01). FS; Fruit set,
FW; Weight of Fruit, SW; weight of total seed, SPF; seed per fruit,
SG; germination of seed

The F, progenies were classified by petal color as pink,
red, orange, white, and yellow based on percentage. Flow-
ers with red and cherry red colors were classified in the
red category, while flowers with light and dark pink col-
ors were classified in the pink category. The F, progenies
from parents with different petal colors had 50.42% pink,
40.68% red, 4.24% orange, 2.12% bicolor, 1.69% white,
and 0.85% yellow petals. In the F, plants where both par-
ents had red-colored petals, it was determined that the red
and pink color group was dominant. Although the petal col-
ors of the F, plants varied within combinations of dark pink
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and red-colored parents, a high percentage of pink and red
flowers were obtained. While most of the F, plants obtained
from crossings with light pink and red-colored parents were
in the red and pink color group, 33.33% of the genotypes
had bicolor petals from the Sparkling Jewel x Halfeti Rose
combination. The petal colors of the F, plants obtained by
crossing orange and red-colored parents were predomi-
nantly in the red and pink group. In the Orange Romance
x Myrna combination, 20% of the genotypes had orange
petals and 20% had bicolor petals. The majority of the F,
plants obtained from white and red-colored parents were in
the pink color group. In combinations where Rosa White
Star was used as the seed parent, wide color variations were
observed, with genotypes having 24.1% red, 58.3% pink,
11.11% white, 2.77% yellow, and 6.94% orange-colored
petals (Table 7). In all combinations involving Rosa Shin-
ing Star (yellow petal), pink and red colors were dominant,
followed by orange, yellow, and bicolor.

The F, progenies were classified by petal color as pink,
red, orange, white, and yellow based on percentage. Flow-
ers with red and cherry red colors were classified in the red
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Table 5 Morphological traits and flower characteristics of parents

Genotype PH FD PN LC S PC
(cm) (cm)
First Red 130.00 a 10.76 a 35.00 g 3.00a 1.00 ¢ Red
Myrna 127.00 b 10.02 a 4250 f 3.00a 1.00 b Red
Halfeti Rose 105.00 ¢ 8.15b 27.501 3.00a 3.00a Black
Red Romance 25.50 de 7.13 be 35.00 g 2.00 a 1.00 b Red
Rosa Sweet Star 26.00 de 7.18 be 50.00d 3.00a 1.00b Pink
Hot Jewel 25.00 e 6.33 be 3500 g 3.00a 1.00b Red
Purple Jewel 26.50 de 6.29 be 115.00 a 3.00a 1.00 b Pink
Rosa Bling Love Star 27.50 de 6.05c 45.00 e 3.00a 1.00 b Pink
Sparkling Jewel 27.00 de 6.29 be 25.00j 3.00a 1.00 b Pink
Rosa Lady Rose 25.00 ¢ 592¢ 70.00 ¢ 3.00a 1.00 b Pink
Icy Jewel 25.43 de 575¢ 85.00b 3.00a 1.00b White
Rosa White Star 25.10e 6.50 be 35.00 g 3.00a 1.00 b White
Rosa Shining Star 26.70 de 6.70 be 3500 g 3.00a 1.00b Yellow
Orange Romance 25.00 e 7.50 be 30.00 h 3.00a 2.00b Orange
Orange Jewel 25.00 e 6.51 be 30.00 h 2.00 a 1.00 b Orange

PH; Height of plant, PN; the number of petals per flower, FD; Flower diameter,, LC; leaf colour, S; Scent, PC: petal color.The letters indicate

the differences between the means (P<0.05)

category, while flowers with light and dark pink colors were
classified in the pink category. The F, progenies from par-
ents with different petal colors had 50.42% pink, 40.68%
red, 4.24% orange, 2.12% bicolor, 1.69% white, and 0.85%
yellow petals. In the F1 plants, when both parents had red-
colored petals, it was determined that the red and pink color
group was dominant. Although the petal colors of the F,
plants obtained by crossing dark pink and red-colored par-
ents varied within the combinations, a high percentage of
pink and red flowers were obtained. While most of the F,
plants obtained from crosses with light pink and red-colored
petals were in the red and pink color group, 33.33% of the
genotypes with bicolor petals were obtained from the Spar-
kling Jewel x Halfeti Rose combination. The petal colors of
the F, plants obtained by crossing orange and red-colored
parents were predominantly in the red and pink group. In
the Orange Romance x Myrna combination, 20% of the
genotypes had orange petals and 20% had bicolor petals.
The majority of the F, plants obtained from white and red-
colored parents were in the pink color group. In combina-
tions where Rosa White Star was used as the seed parent,
wide color variations were observed, with genotypes having
24.1% red, 58.3% pink, 11.11% white, 2.77% yellow, and
6.94% orange-colored petals (Table 7).

4 Discussion

Breeding success is enhanced when hybrid combinations
are made based on matching ploidy levels. Recent research
on the ploidy levels of roses has led to the discovery of
nuclear DNA contents in various rose species and variet-
ies. In the study, the ploidy levels of miniature roses, with

nuclear DNA contents ranging from 1.87 pg/2 C to 2.43
pg/2 C, were determined to be tetraploid. These findings
consistently correlate with data indicating that tetraploid
roses exhibit varying 2 C/DNA contents, ranging from 1.85
pg/2 Cto 2.71 pg/2 C (Yokoya et al. 2000). Reports indicate
that garden roses are either diploid or tetraploid, with com-
mercial miniature and cut roses typically being tetraploid
(Datta 2018). Tetraploid (2n=4x) roses are known for their
high productivity and are more commonly used in breed-
ing programs (Zlesak 2006). However, in our study, differ-
ences in fruit and seed formation were observed between
hybrid combinations.The reason for this variation is that
cross incompatibility can occur in plants with the same
ploidy levels (e.g. tetraploid) but different DNA contents.
This may be because genetic and physiological mechanisms
are affected by differences in DNA content (Morey 1959;
Rajapakse et al. 2001; Kazaz et al. 2020; Dogan et al. 2022).

In order to ensure success in hybrid breeding, the geno-
types used as parents must be fertile. It is especially impor-
tant that the pollen from the male parent (pollinator) is viable
and capable of germinating. Pipino et al. (2011) estimated
that the pollen germination rates of various hybrid tea roses
ranged from 0 to 46.5%, while Dogan et al. (2020) reported
arange from 24.61 to 45.24%. Pipino et al. (2011), Nadeem
et al. (2013), Erbas et al. (2015), and Jeong and Park (2022)
determined the pollen germination rates of roses, which
ranged from 6.0 to 46.50%, 24.20-57.0%, and 24.2-35.8%,
respectively. These studies show similar findings to the cur-
rent research. In rose hybridization studies, fruit set, number
of seeds per fruit, fruit and seed weights, and seed germina-
tion rates vary according to species and varieties. Generally,
pollen parents with higher germination rates produced more
fruit and seeds in cross combinations with the same seed

@ Springer



Horticulture, Environment, and Biotechnology

(S0'0>d) SuBoW oY) USIM]IAq SOOUSISPIP 3 AJLIIPUT SI9YIA] oy I, “Sur
-woo0[q Jomof jo uonenp {Jq ‘yued 1od s1omop Jo roqunN N ‘IS ‘S “TNOJ00 JBI[ ¢ ‘SIOMO[J JO Joquunu N “ToJowerp 1amoj (. ‘1omop 1od syejad jo roquuinu oy (N ‘wueld jo 1ySoy ‘Hd

U3 20'6C P 0T 3001 BTST uzoel L8'S—6TY BOI'S 05°12-0°S1 0 LT8I P ISIL X [oM3[ oFUBIQ
1osve Po0sC 3001 BL9C uLroc 0°6-LSY B3LY 0°€C-SE81 u-8 89°0T 050y 1RJ[EH X [oMd[ d5UBIQ
BOO' IV Po00°¢ 3001 B00¢ A4 00°0¢ 66V—LT¢ BG6'E 08'8C-05°CI 0-120°0¢ P ISIL X [omaf Ao

Y-2000¢ 006 3001 B00'€ 3200°8¢ 0LY BOLY 08°CC [-p 08-cC 050y Noj[eH X [amar Ao

U-2 L9°6C Po €8T J 001 BLST P LYY 9Y9-9LC BIEY Sy 0c—<s0°¢cl O-W CI'LT P ISIL X 1e)§ Aper] esoy

U-p8OIE PI89°C PSI'I BIST 3-8 6%°0¢€ 0€°L=SS°C BEEY 0¥°0€-0°01 O-1GL°LI 9s0y Boj[eH X Ie)§ ApeT esoy
B09°6¢ P 00T 3001 BEEC 905729 STLYLE BT6Y 0575691 0-l6g6l RUIA X Te]S 9A0T Sul[g esoy

Jqeree povle 3001 BE9C U2 L0¥E €C9-CS°¢ Bg6'Y 0V'6C—0I'LI AP yICC Py ISILIXIEIS 9A0 BUI LSOy

Y-2000¢ 9009 3001 B00'€ 20081 6¢°S B6ES 0¢cC [ 00°¢CC 050y 11oJ[eH X JIel§ 9A0T Sullg esoy
LRS84 POIL'I 3001 BEIT Wy 6T €09-¥8°C BOIY 06'81-01CI 0 /8¢l RUIKJA] X IBIS QNN BSOY

2qTyse PITY'e J00°1 B 88T "4 6L°6C 9T L—€ST B9T'S 0°0€-05°¢l U-291v¢ Py IsI] X TelS AUYA BSOY
5-q08°C¢ P208°C 280°1 B09C I-T €4°8¢C 16°9-LS¢ BT6°S 8V vE-0€°Cl J-90¥°6C 9S0Y NRJ[BH X I€)S AYM BSOY
3-90T¢e POTL 3001 BLSTC 2091 069-€0v B6CS 0°0€-0°ClL ou 891 BIIA X 20UBWIOY dFUeI)
q009¢ P O8I 3001 BOV'C J20¢°LE 86°6—C8C BOL'E 09°%€-0°0¢ 9q LL'LT POY 1811 X 20UBWOY dFULIQ
3-q.05°c¢ P00°C BOST B00'€ -3 00'1¢ S98-1¥'¢C BOES 06°'LT-01'81 -p ¢0¢cC 050y 1oJ[eH X douBWIOY dFULI)

P-4 00°s€¢ P200°¢ J00°I B06C ®000L LOY-19C BLOE 0€'8C—€8v1 -0 ¢L¢T BUIKJA X 90UBLIOY POY

J-90T°¢e POY'I 3001 ®09°C -8 07°CE YSs—vLC BRSY 08'6C081C P-4 T¥'9T PoY ISI1] X 9oUBWOY Py

U-2081¢ P200°¢ 3001 BRST UF oree SI'9-9TYy BCI'S LTSE05°S1 8-96LC 9S0Y NRJ[EH X SJUBWOY poy

U3 00°6C P8LI 3001 BgSC w-(8/°LT 65°6-96'C B99y 0°6C0I¢l 0-Y98°L1 BUIA X TE}S SUTUIYS eSOy

9-q 05°¢E P O8I 3001 B8C A4 oroc 069-L0°€ BGO¢ OV ye-0€'1¢ q€6°8¢ pay 111 X Iej§ Sururys esoy

U2 $¥°0¢ P 11T avy'l BOV'C AY €€°0¢ 68'8-¥SC BOES 06°0€-0°11 W3 LE1T 050y 1oJ[eH X Il Sululyg esoy

U-q66°1¢ P 00T J 001 00t Ww66'€C 0Ty—tv'e BI8¢ €0°9¢-50°0¢ ey0Ee Py ISI] X TB1S JOOMS BSOY

U-205°1¢ 9058y 3001 B00¢C 3-8 05°0¢ ersveTy B69Y 0¥'9c-06'vC 3-969°6C 9SOY BRJ[BH X Ie)§ JooM§ BSOY

U-2L9°6C PoL9C J 00T BILC [T €€°8¢C 69v—69°¢ B60Y 0V ¥C-0°¢l -4 +0°0¢ BUIJN X [OMO[ JOH

U-pO0I¢ pPo0ST 3001 B0O0¢ [W0s9¢ 8V v-1ey BOVY 0°LTOI'LT [ 60°CC Py IsIq X [9omaf J0H

U3 orec P2 6CE 3001 BOIC U3 8T¢Ee 6C9-80°¢ BIvY 0€°0€-06'6 o-l¢r61 9SOY NJ[BH X [9Mdf JOH

U3 00°6C PI€€C YT ®09°C W 9¢°9¢ SYoO-vI'¢ B69°C 08°se-0v1 9-q 0T'9¢ 0s0Y 1oJ[eH X [omaf Surpreds

U-3 69°8C P 00T J 001 B 00°¢ ys 9L°Ce O 19C BT 0T61-€5°01 016¢I PoY 1811 X [omay ofdmg
Y 60°8¢ P20ST 980°1 ®L9C 3-09Lp¢ 0L9-¢¥'1 BI10Y 86 TELY01 o-[G161 050 1of[eH X [omaf ofdmng

(Aep) (wo) (wo) () (uo)
dd AN S 1 Nd {4 jo o3uey ad Hd Jo o3uey Hd SUOTJEUIQUIOD PLIGAH

syueld pugAy ! g Jo sonsusloereys omop pue jue[d owog 9 a|qel

pringer

As



Horticulture, Environment, and Biotechnology

1
b Group ' Gy
e FD

RWS

RShxFR

RR >

RxIR

RRXIR

RS&h

TIISTT L

Lixhd

ORxM

Hlxhd

RSwxFR

1k

RWSxM

ar

OR

RWSxTR

RSl

SIxFR

Ok

OIxFR

8J

R8wxh

RBL

RWSxH

TIxTR

RELxM

RSIIT

RLRxFR

HIxFR

PIxFR

HSw

PIxM

RAELSFR

RLRxM

—

T

-
b

wj

Id

Fig.2 The heat map with hierarchical clustering of the parameters ana-
lyzed for each progeny of cross-combinations. PH; Height of plant,
PN; the number of petals per flower, FD; Flower diameter, LC; leaf
color, S; Scent, The color-coded scale indicates an increase from blue
to yellow. RR; Red Romance, RSw: Rosa Sweet Star, HJ; Hot Jewel,

parent, while those with lower germination rates resulted in
fewer seeds per fruit and a lower fruit set. In our study, the
fertility of pollen parents varied from low to high, likely due
to a combination of genetic factors, mitotic abnormalities
(including lethal genes and their harmful effects), gamete
incompatibility, and interspecific factors of the parent cul-
tivars (Ogilvie et al. 1991). Overall, 30.3% of all possible
crosses showed a satisfactory success rate, consistent with

= w
o

PJ: Purple Jewel, RBL; Rosa Bling Love Star, SJ; Sparkling Jewel,
RLR: Rosa Lady Star, 1J; Icy Jewel, RWS; Rosa White Star, RSh; Rosa
Shining Star, OR; Orange Romance, OJ; Orange Jewel, H; Halfeti
Rose, FR; First Red, M, Myrna

Meral (2023) and Sener et al. (2023), who reported that
15.81% of the resulting seeds germinated and that 39.58%
and 37.92% of all miniature crosses developed into mature
hips. Miniature roses generally exhibit low fruit set, seed
germination rates, and seeds per fruit. It is recommended to
cross miniatures with climbers, floribundas, and shrub roses
to use them as pollen parents (Datta 2018). In this study,
Halfeti Rose, an old garden rose, was observed to have a
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Table 7 Exploitation of the petal color in the F1 progenies

Hybrid Combination Red Pink White Yellow Orange Bicolor
Purple Jewel x Halfeti Rose 45.45 50.00 - - 4.55 -
Purple Jewel x First Red 33.33 66.67 - - - -
Sparkling Jewel x Halfeti Rose 33.33 33.33 - - - 33.33
Hot Jewel x Halfeti Rose 57.14 33.33 - - - 9.52
Hot Jewel x First Red 100.00 - - - - -
Hot Jewel x Myrna 100.00 - - - - -
Rosa Sweet Star x Halfeti Rose 50.00 50.00 - - - -
Rosa Sweet Star x First Red 100.00 - - - - -
Rosa Shining Star x Halfeti Rose 5.41 91.89 - - - 2.70
Rosa Shining Star x First Red 30.00 20.00 - - 50.00 -
Rosa Shining Star x Myrna 55.56 22.22 - 11.11 11.11 -
Red Romance x Halfeti Rose 80.00 20.00 - - - -
Red Romance x First Red 100.00 - - - - -
Red Romance x Myrna 33.33 66.67 - - - -
Orange Romance x Halfeti Rose 20.00 80.00 - - - -
Orange Romance x First Red 75.00 25.00 - - - -
Orange Romance x Myrna 40.00 20.00 - - 20.00 20.00
Rosa White Star x Halfeti Rose - 100.00 - - - -
Rosa White Star x First Red 50.00 25.00 8.33 8.33 8.33 -
Rosa White Star x Myrna 12.50 50.00 25.00 - 12.50 -
Rosa Bling Love Star x Halfeti Rose - 100.00 - - - -
Rosa Bling Love StarxFirst Red 57.14 42.86 - - - -
Rosa Bling Love Star x Myrna 60.00 40.00 - - - -
Rosa Lady Star x Halfeti Rose 33.33 64.10 2.56 - - -
Rosa Lady Star x First Red 66.67 33.33 - - - -
Icy Jewel x Halfeti Rose - 100.00 - - - -
Icy Jewel x First Red 33.33 66.67 - - - -
Orange Jewel x Halfeti Rose 100.00 - - - - -
Orange Jewel x First Red 50.00 50.00 - - - -
*Total 40.68 50.42 1.69 0.85 4.24 2.12

* Color average of all progenies

higher pollen germination rate than the other two cut rose
varieties. Therefore, it is believed that combinations hybrid-
ized with ‘Halfeti Rose’ exhibit higher fruit set, a greater
number of seeds per fruit, and higher seed germination. In
two combinations where Myrna was the paternal parent, no
fruit set was observed, and in five combinations, no seed
germination occurred. It is believed that the lack of success
in Myrna results was due to incompatibility. Some studies
have also reported that cross-incompatibility can lead to
low hip-set percentages in most tetraploid roses (Kazaz et
al. 2020; Dogan et al. 2022). Cross-incompatibility in plants
typically arises from the interaction of genetic, physiologi-
cal, and environmental factors (Morey 1959; Rajapakse et
al. 2001; Kazaz et al. 2020). In our study, all plants were
grown under the same controlled conditions. Additionally,
while the ploidy levels of the individuals were identical, dif-
ferences in DNA content were observed. This indicates the
presence of genetic variation among individuals, which may
contribute to incompatibility during the hybridization pro-
cess. Differences in DNA content are often associated with

@ Springer

changes in chromosome number or structure (e.g., aneu-
ploidy or chromosomal rearrangements). Such genetic vari-
ations can lead to cellular imbalances, adversely affecting
the fertilization process and embryo development (Morey
1959; Rajapakse et al. 2001; Kazaz et al. 2020; Dogan et
al. 2022).

While gametes from both parents may combine, not
every hybrid results in viable embryos or successful seed set
(Fagerlind 1954). Rose seeds may contain growth inhibitors
that prevent germination. Among these inhibitors are the
physiological barriers found in the pericarp of the embryo
and testa, which contain abscisic acid (Bo et al. 1993; Zhou
et al., 2009). When compared to studies using old garden or
cut roses (Pipino et al. 2011; Nadeem et al. 2013; Erbas et
al., 2015; Jeong and Park 2022l1i¢, 2023), it was found that
miniature roses showed lower fertility in terms of seed for-
mation rate, number of seeds per fruit, and germination rate.
This may be due to the dwarfness factor, which causes infer-
tility in female plants (Datta 2018). It has also been reported
that in miniature rose X miniature rose combinations, the
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number of seeds per fruit, as well as the fertilization and
fruit set rate, is very low (Datta 2018). In our preliminary
studies in 2018, potted miniature rose X potted miniature
rose combinations were created, but no fruit or seeds were
obtained. On the other hand, miniature roses are known to
be good pollen donors, and the dwarfing gene is dominant.
When crossed with climbing, floribunda, or shrub roses,
a high number of seeds per fruit can be obtained (Datta
2018). Furthermore, research has shown that an increase in
the quantity of pollen transferred to the pistil is accompa-
nied by a higher rate of fruit set and seed number (Falque
et al. 1995). It is also believed that fewer fruits will set
and fewer seeds will be collected per fruit, as commercial
miniature roses have smaller stigmas due to their smaller
flower structures. Additionally, this theory is supported by
research (Pipino et al., 2010; Lakhotia et al. 2012). In our
study, no linear relationship was observed between seed
germination rate and fruit set rate, nor between seed ger-
mination rate and number of seeds per fruit. For example,
fruit set rates obtained in the combinations Purple Jewel x
First Red, Sparkling Jewel x Halfeti, Hot Jewel x First Red,
Rosa Shining Star x First Red, Red Romance x First Red,
and Rosa Lady Star x Halfeti Rose were lower than the seed
germination rates in the same combinations. The inconsis-
tent relationship between these parameters may be due to
abnormal meiotic divisions, poor zygote and embryo forma-
tion, dormancy, incompatibility in hybrid combinations, or
the accumulation of deleterious alleles. Additionally, rose
seeds exhibit physical dormancy, and there is a positive cor-
relation between abscisic acid (ABA) concentration in the
pericarp and physiological dormancy (Bo et al. 1995).

It was determined that plants from combinations where
commercial miniature roses were used as seed parents, and
Halfeti Rose, First Red, and Myrna were used as male, plant
height parents were short. The dominant effect of the mini
gene may explain why the majority of F, plants remained
below 11 cm and 35 cm, despite the paternal parents in both
combinations having tall statures. In the offspring individu-
als, no plants exhibiting characteristics similar to the pater-
nal parent were identified in terms of plant height, and the
offspring predominantly displayed the characteristics of
the maternal parent. In terms of flower diameter, individu-
als resembling the paternal parent were observed in only
two combinations: Rosa Shining Star x Halfeti (2 out of 17
plants) and Orange Romance x Halfeti (1 out of § plants).
In the other combinations, the offspring displayed character-
istics similar to the maternal parent regarding flower diam-
eter. Although individuals resembling the paternal parent
were identified in terms of scent, leaf color, and petal color,
the maternal parent’s dominance was more pronounced in
these traits.In our study, all F1 progenies exhibited a dwarf
growth habit, suggesting that dwarfism may be controlled

by a dominant gene. According to the literature, the dwarf
growth trait in miniature roses is associated with a domi-
nant D allele (Dubois and De Vries 1987). In this context,
the miniature roses used as female parents in our study are
likely to possess triplex (DDDd) or tetraplex (DDDD) geno-
types at the dwarfism locus. Such genotypes would result
in all F1 individuals expressing the dwarf phenotype due
to the dominance of the D allele. However, the wide varia-
tion observed in plant height among F1 individuals (ranging
from 11 cm to 35 cm) indicates that this trait may not be
solely governed by a single major gene but also influenced
by additive genetic effects. Byrne (2009) reported that plant
height is a polygenic trait and is inherited through additive
gene action. Similarly, in our study, despite the tall stature of
the male parents, the progenies remained short, indicating
the prevailing influence of the maternal miniature rose par-
ent. Since all plants were grown under uniform environmen-
tal conditions, the observed variation is more likely due to
genetic rather than environmental factors. This supports the
idea that, in addition to the dominant D gene, small-effect
polygenic loci also contribute to plant height. Furthermore,
it is possible that the dominant dwarf gene may have pleio-
tropic effects on other morphological traits, such as flower
diameter. These findings indicate that the dwarfism trait is
governed by a complex inheritance mechanism, involving
both a dominant major gene (D) and polygenic quantitative
effects, reflecting a combination of qualitative and quan-
titative inheritance patterns. The flower diameters of the
genotypes used as parents in this study (Table 5) vary sig-
nificantly. In this case, hybrid individuals are expected to be
affected by the flower diameters of their parents. According
to reports, flower diameter and petal size show a strong cor-
relation and are greatly influenced by the parents (Dugo et
al. 2005; Jones 2013). It was determined that some F, plants
had smaller flower diameters than their parents, which may
be due to the quantitative inheritance of flower diameter.
Skewed variation toward one parent in polygenic traits is
caused by genetic factors such as dominance, additive gene
effects, and genetic linkage, as well as environmental influ-
ences (Falconer et al., 1996, Hartland Clark 2007, Griffiths
etal., 2015, Lynch and Walsh 1998). However, in this study,
since all plants were grown under the same controlled con-
ditions, environmental influences were minimized. There-
fore, the observed variation, particularly in quantitative
traits such as dwarf bush habit and flower diameter, can be
attributed primarily to genetic factors. In such traits, domi-
nance, additive gene effects, or genetic linkage may cause
the phenotypic distribution to be strongly skewed toward
one parent. When environmental factors are eliminated,
these genetic mechanisms become more pronounced, and
the phenotypic skewing can be observed more strongly.
Additionally, the dominant mini gene in miniature roses
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may reduce the flower diameter through pleiotropism. Meral
(2023) also reported that flower diameter showed positive
heterosis in some combinations and negative heterosis in
others. Flowering periods were observed to last between
three and six weeks in our study across all combinations.
Hybrid roses typically reach full bloom in four to five
weeks, and the average flowering time for miniature roses,
floribundas, grandifloras, and many shrub roses is shorter
under favorable conditions (Anderson and Byrne 2007).
The quantitative characteristic of the duration of bloom-
ing may explain the variations observed in flowering times
across combinations in our study. Compared to the other
combinations, genotypes derived from combinations where
‘Halfeti Rose’ was used as the paternal parent had more
blooms per plant. Rosa odorata Louis XIV, known as ‘Hal-
feti Rose’, is one of the old garden roses and exhibits a high
number of branching characteristics. This increase in the
number of flowers per plant can be explained by the positive
effect of branching on flower formation. Simply put, a plant
with more branches will yield more blooms. Kawamura et
al. (2011) found a high correlation between branching and
the number of flowers (rg=0.88, P<0.001). The number
of petals of the genotypes used as parents ranged from 25
to 115 and were classified as double flowers according to
UPOV criteria. Given that double flowers are dominant, it
is expected that all F, plants will be double-flowered. Stud-
ies on the inheritance of petal number in rose species and
cultivars indicate that double flowering is controlled by
a single dominant gene (Gudin 2000). The inheritance of
petal color in F, plants from crosses with different petal col-
ors showed significant variation based on the parent’s geno-
type, making it difficult to analyze using simple Mendelian
ratios. This trait is complex, inherited both qualitatively
and quantitatively, and can involve incomplete dominance,
co-dominance, dominance, epistasis, additive effects, and
polygenic inheritance. The distribution of flower petal col-
ors in F, plants showed that the order of dominance was
pink>red>orange>bicolor>white>yellow, depending on
the intensity of anthocyanins like cyanidin and pelargoni-
din. Dark colors exhibited higher anthocyanidin accumula-
tion, while red roses had higher levels of pelargonidin and
cyanidin (Debener 2003). Studies suggest that pink color
may follow monogenic or oligogenic inheritance. While the
inheritance of bicolor is unclear, Lammerts (1945) proposed
that it could be caused by a recessive gene. Pink is domi-
nant over other colors, with dark yellow being recessive to
light yellow, white, and cream (Lammerts 1945). Research
has shown that obtaining scented progeny is difficult and
the scent trait from the parents did not always appear in the
progeny as expected, in terms of intensity or compound
composition. Similar findings were observed in this study,
where the proportion of scented progeny was much lower
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than predicted. These results suggest that polygenic genes
may control fragrance and that the genes responsible for its
inheritance may be recessive, implying that recessive alleles
are more common than dominant ones.

5 Conclusion

Breeding studies are challenging, costly, and time-con-
suming. For potted miniature roses, the development of
a commercial variety takes four to five years. Labor and
expenses will be wasted, and five years lost if appropriate
hybrid combinations are not selected. Therefore, choosing
the right hybrid combinations is crucial, as it depends on
the traits and fertility of the parents. In the miniature rose x
Halfeti Rose hybrid combination, numerous genotypes were
observed, with high fruit set, seed quantity per fruit, and
germination rate. However, these hybrid plants produced
genotypes with small flower diameters and a high num-
ber of flowers per plant. In the miniature rose x cut rose
(First Red and Myrna) combinations, good fruit set, seed
quantity, and low germination rates were observed, but few
genotypes with large flower diameters were developed. In
recent years, the demand for scented roses in potted minia-
ture roses, like in many other flower species, has increased.
However, transferring the scent trait to hybrid individuals is
challenging. Fragrant plants were obtained in combinations
where Halfeti Rose was used as the paternal parent. In future
studies, it is essential to evaluate the hybridization of Halfeti
Rose not only as a paternal parent but also as a maternal
parent with miniature roses, and to investigate the detailed
transmission of fragrance along with other phenotypic traits.
This approach is particularly significant in uncovering the
dominance of maternal effects and the influence of min-
iature roses over other rose types. Although the ability of
Halfeti Rose to transfer traits as a paternal parent has been
found to be limited, it may demonstrate higher success rates
when hybridized with rose types other than miniature roses.
With its advantages, such as high fruit set and seed germina-
tion rates, Halfeti Rose shows promise as a valuable parent
in breeding programs. Additionally, miniature roses exhibit
significant potential as effective seed parents for producing
dwarf progenies when crossed with other rose groups.
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