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Roses date back about 5,000 years in civilization, 
as shown in the history of cultivation. A wide variety 
of roses are grown for cut flowers, pot flowers, gar-
den or landscape plants, perfumery, food, and medical 
purposes [Lawrence 1997, Liu et al. 2015, Dogan et 
al. 2020]. Rose breeding primarily involves cut flo-
wers, as approximately 10 billion cut rose stems are 
sold annually worldwide [AIPH and Union Fleurs 
2018]. However, sales of potted roses and garden or 
landscape roses are approximately 300 million per 

year. Cut roses are still the leader in rose production. 
Roses are known as the first non-edible species used in 
plant breeding with crossbreeding [Gudin 2001]. The 
hybrid tea rose genotype ‘1985’ was selected as the 
seed parent, and genotype ‘1848’ was selected as the 
pollen donor [Pipino et al. 2011]. Therefore, hybrid-
ization is the most widely used breeding method in cut 
flowers to obtain a new rose variety these days. The 
ability to produce new rose varieties is mandatory for 
growers to maintain and develop their market share. 
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ABSTRACT 

Rose breeding companies have developed new rose varieties in response to increasing demands for color, 
fragrance and shapes. Hybridization is one of the most important methods of creating new rose variations. 
Breeders focus on fertility, reproduction, and a high number of seeds per fruit. In the present study, four Rosa 
genotypes (‘Jumilia’, ‘Black Magic’, ‘Tineke’, ‘Black Baccara’) were crossed to assess genetic compatibility, 
seed formation potential and germination rate. The results showed that all genotypes were tetraploid, and 
pollen germination varied from 11.36% to 23.41%. The highest crossability rate (94.44%) was found in the 
‘Black Baccara’ × ‘Jumilia’ combination, followed by ‘Black Magic’ × ‘Jumilia’ (60%). The highest seed yields 
were obtained in ‘Jumilia’ × ‘Tineke’ (60.50). ‘Tineke’ × ‘Jumilia’ (43.74) showed the second highest number 
of seeds per fruit, whereas limited success was determined in cross ‘Jumilia’ × ‘Black Magic (2.25). The 
maximum germination percentage was found in ‘Jumilia’ when crossed with ‘Tineke’. Significant variations 
were recorded for the weight of hips and weight of fruit. The PCA-biplot results indicated a positive correlation 
between crossability rate and seed production efficiency. Overall, the choice of parents was crucial for the 
crossability indices, which are the average crossability rate and seed production efficiency. 
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The taxonomic variation in the Rosa species offers an 
opportunity for success in the transition [De Vries and 
Dubois 1996]. As with all ornamental plants, aesthetic 
value is at the center of attention in cut rose cultiva-
tion. The breeders desire several further characteri-
stics, such as yield, flower colors, stem quality, tough 
petals, double flowers, flower opening shape, the size 
of the flowers, vase life, fragrance and durability. The 
most fertile progenitors, such as seed or/and pollen 
donors, are preferred in gene pools because roses are 
known for their difficult sexual reproduction, from 
pollination to seed set. Problems with germination and 
genetic barriers are obstacles to frequently gaining 
interspecific hybrids [Perez and Moore 1985, Gudin 
1992, Abdolmohammadi et al. 2014, Dogan et al. 
2020]. Rose breeders demand to increase the efficien-
cy of breeding programs by producing more offspring, 
where hybrid genotypes producing high seed yield can 
be evaluated based on different characteristics. F1 hy-
brids are selected for commercialization by breeders, 
and the decision regarding which parent will serve as 
the male or female line influences the distribution of 
progeny phenotypes in plants [Oh et al. 2005, Nadeem 
et al. 2014]. Estimating how male or female phenoty-
pes will manifest in the progeny is difficult. For this 
reason, reciprocal hybridization provides information 
about the heritability of phenotypes. 

The present study was designed to select hybrids 
that show relatively good performance, offer a good 
seed set and gain more insight into the inheritance of 
traits. Therefore, the purpose of this study was to de-
termine the crossability indices in cut rose breeding 
between popular hybrid rose varieties.

MATERIAL AND METHODS

Plant material
The plant materials used for this study consisted 

of four hybrid tea roses ‘Jumilia’, ‘Black Magic’, 
‘Tineke’, and ‘Black Baccara’ (Table 1). The stu-
dy was conducted in the research area of the rose 
breeding greenhouse, Department of Horticulture, 
Faculty of Agriculture, Ankara University, Ankara, 
Türkiye (39°57'40.2'' N 32°51'51.7'' E), from 1 May 
2021 to March 2022.

Ploidy levels of plant materials
The ploidy levels of all cultivars under study were 

determined using flow cytometry and confirmed thro-

ugh chromosome counting. Initially, the core DNA 
contents of the plants were analyzed, followed by 
chromosome counting in one of the plants exhibiting  
a distinct DNA content. The ploidy level was then cor-
related with the DNA content and chromosome num-
ber [Tuna 2016].

Pollen viability and germination
Anthers of pollen donors were collected after the 

removal of petals in one-third to one-half open sta-
ges and stored in glass Petri dishes in an incubator at 
temperatures above 24 °C and with humidity equal 
to 60%. The pollen viability was measured using the 
IKI (Iodine + Potassium Iodide) test described by Eti 
[1991]. The IKI solution was prepared by dissolving 
1 g potassium iodide and 0.5 g iodine in 100 mL water 
for dyeing. A drop of the solution was placed on mi-
croscope slides, and pollen grains were then sprinkled 
on the stain with a brush [Abejide et al. 2013]. The 
viability of the pollen was examined under a light mi-
croscope (×100) after 5 minutes of incubation. Pollen 
grains were classified as viable or non-viable based on 
pollen color. Brown or black grains were viable, light 
red or orange ones were semi-viable and yellow ones 
were recorded as non-viable. A medium containing 
20% sucrose and 10 ppm boric acid with 1% agar was 
prepared for the germination of fresh pollen in Petri 
dishes, and the pollen was splashed uniformly on the 
medium with a brush. After an eight-hour incubation 
period (24 °C and 60–65% humidity), pollen germina-
tion was counted when a pollen tube reached a length 
of at least 1.5 times the pollen diameter under the light 
microscope (×100) [Leus 2005, Nadeem et al. 2013, 
Kazaz et al. 2020]. The counting was conducted in 
four replicates in five randomized fields, and approxi-
mately 200 pollens were counted in each area. 

Hybridization
Pollination was carried out by applying pollen onto 

the pistil of the female parents in the early morning by 
brush. Pollens were collected the day before and left 
for 24 h (24 °C and 60–65% humidity) for dusting in a 
dry place, and female parents were prepared by ema-
sculation to prevent self-pollination [Roberts 2003]. 
The following day, pollinations were properly perfor-
med and labelled because it is believed that a 24-hour 
period is needed to induce the production of exuda-
tes in the stigmas necessary for pollen germination 
[Jacob and Ferrero 2003]. Reciprocal hybridizations 
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were performed from 1 May to 15 June 2021. At le-
ast 30 hybridizations were obtained for each of the six 
combinations. The fruit set started after eight weeks of 
pollination, and mature fruits were harvested from the 
end of October until the beginning of December. An 
electric balance was used to measure the fresh weight 
of the fruit. Afterwards, seeds were extracted from 
the fruits, and the number of seeds per fruit, the total 
number of seeds and the weight of seeds were coun-
ted. Seeds were kept in bags and stored at a moderate 
moisture level at 4 °C for about 12 weeks in the peat. 
Following this, seeds were sown in mixed ingredients 
(cocopeat and peat 1:1), and germinated seeds were 
counted and recorded. 

Moreover, the data on the number of flowers cros-
sed, fruit set and seed set were used to calculate the 
ACR (Average Crossability Rate) and SPE (Seed 
Production Efficiency), which are cross-compatibility 
indices. The cross-compatibility rate of a cross was 
calculated using the following formula:

ACR for a parent was calculated as the sum of 
cross-compatibility rates in specific crosses divided 
by the number of cross-combinations involving that 
particular parent:  

The SPE for a cross was calculated as the number 
of viable seeds divided by the number of stigmas of 
the seed parents in that cross-combination (the expec-
ted number of seeds in a rose fruit is equal to the num-

ber of stigmas), and the number of pollinated flowers 
multiplied by 100:

The sorted F1 hybrid seeds were subjected to cold 
moist stratification at 4 ±1 °C for 100 days to eliminate 
the germination barrier [Gudin et al. 1990, Debener 
and Mattiesch 1995]. Perlite was used for the strati-
fication medium, and seeds were treated with a fun-
gicide with 25% tebuconazole as an active ingredient 
against fungal diseases. After cold moist stratification, 
the seeds were sown in vials containing peat and ger-
minated in a plastic-covered greenhouse maintained 
at a temperature range of 18–21 °C to ensure opti-
mal conditions for germination. The seeds were irri-
gated by the fogging method during the germination 
process. The operation of the fogging system, which 
maintains the greenhouse humidity level between 60–
80% [Jones 2004, Kazaz et al. 2010] to accelerate seed 
germination, was adjusted based on internal humidi-
ty levels monitored by sensors using a stop-and-start 
mechanism. The germinated seeds (with the distinct 
formation of cotyledon leaves and the emergence of 
the shoot above the soil surface) were counted, and 
the seed germination rate (%) was determined by the 
following formula:

RESULTS

Ploidy levels
Ploidy levels were determined by analyzing the 

core DNA contents of genotypes and were found to 

Crossability rate (%) = Number of fruits set
Number of flowers pollinated × 100 

ACR = ∑ Crossability rates
Number of cross combinations 

SPE = Number of viable seeds set 
Number of flowers pollinated 𝑥𝑥 number of stigma × 100 

Seed germination rate (%) = Number of seeds germinated
Number of seeds sown ×  100 

   Table 1. Quantitative characteristics of plant materials  

Varieties Fragrance Color Blooming Number of 
petals 

Number of 
pistil per 
flower 

Number of 
anther per 

flower 
‘Jumilia’ no bicolor repeat 30–40 120–150  90–120 
‘Black Magic’ no black repeat 30–40 100–135 130–150 
‘Tineke’ no white repeat   80–100 230–250 230–250 
‘Black Baccara’ no black repeat  35–50 130–220 70–90 
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vary between 2.33 pg/2C and 2.42 pg/2C. All genoty-
pes were identified as tetraploid (2n = 4x) with 2n = 28 
chromosomes (Table 2).

Pollen viability and germination
The viability rate varied between 33.29% and 

48.76%. Significant statistical differences (P ≤ 0.05) 
were observed between varieties in pollen viabili-
ty and pollen germination rates. The viability rate of 
‘Black Baccara’ was the highest and reached 48.76%, 
followed by 47.25% in ‘Black Magic’ and 39.28% in 
‘Jumilia’, respectively (Table 3). The lowest percen-
tage of pollen viability was detected in ‘Tineke’ with  
a value of 33.29%. The percentage of pollen germina-
tion ranged between 11.36% and 40.88%. The maxi-
mum value of pollen germination rate was measured 
in ‘Tineke’ (25.79%), while the minimum value in 
‘Black Magic’ (11.36%) (Table 3). 

Crossability rate, seed set, and seed germination
Significant statistical differences (P ≤ 0.05) were 

observed between crossability rate, number of seeds 
per fruit, germination of seed and seed production ef-
ficiency. As a male parent, ‘Jumilia’ excelled in the 
percentage of crossability rate (94.44%) when crossed 
with ‘Black Baccara’ followed by ‘Black Magic’ (seed 
parent) (60.0%) However, as a seed parent, ‘Jumilia’ 
showed limited success, achieving a crossability rate 

of only 14.44% when crossed with ‘Tineke’ and 20% 
with ‘Black Magic’. As a female, ‘Jumilia’ showed  
a good number of seeds per fruit (60.50 seeds) when 
crossed with ‘Tineke’, while ‘Tineke’ × ‘Jumilia’ 
(43.74 seeds) showed the second highest value for  
a number of seeds per fruit, whereas a limited success 
was found in the cross ‘Jumilia’ × ‘Black Magic’ (2.25 
seeds). The maximum average fruit weight was found 
in ‘Jumilia’ when crossed with ‘Tineke’ (13.66 g), al-
though the minimum value was observed in ‘Jumilia’ 
when crossed with ‘Black Magic’ (4.08 g). ‘Jumilia’ 
also excelled in the average weight of seed when 
crossed with ‘Black Magic’ (14.85 mg), although the 
lowest value was recorded for ‘Black Baccara’ when 
crossed with ‘Jumilia’ (0.31 mg) (Table 4). As a female 
parent, ‘Black Baccara’ showed the highest germina-
tion percentage. The germination percentage of ‘Black 
Baccara’ as a male parent of ‘Jumilia’ reached 41.27%, 
followed by ‘Jumilia’ × ‘Black Baccara’ combination 
at 37.86%. However, the lowest value was recorded 
for ‘Jumilia’ when crossed with ‘Tineke’ (11.27%). 
As a female parent, ‘Black Baccara’ excelled in seed 
production efficiency (5.05%) when crossed with 
‘Jumilia’ followed by ‘Tineke’ × ‘Jumilia’ (1.56%), 
although as a seed parent ‘Jumilia’ when crossed with 
‘Black Magic’ showed limited success in the percen-
tage of seed production efficiency (0.073%) (Table 4).

Table 2. Ploidy level of rose varieties 

Varieties DNA (pg/2C) Ploidy level 

‘Jumilia’ 2.33 tetraploid 

‘Black Magic’ 2.42 tetraploid 

‘Tineke’ 2.36 tetraploid 

‘Black Baccara’ 2.34 tetraploid 

 

Table 3. Pollen viability and germination of rose genotypes 

Varieties Pollen viability (%) Pollen germination (%) 

‘Jumilia’ 43.28 b 21.60 a 

‘Black Magic’ 47.25 a 11.36 b 

‘Tineke’ 33.29 c 20.50 a 

‘Black Baccara’ 48.76 a 23.41 a 

Statistically significant differences at P ≤ 0.05 
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Table 4. Crossability rate, number of seeds per fruit, germination and seed production efficiency from reciprocal crosses in 
some cut roses 

Cross combination Crossability 
rate (%) 

Seed 
number 
per fruit 

Average 
fruit weight 

(g) 

Average 
seed weight 

(mg) 

Seed 
germination 

rate (%) 
SPE (%) 

‘Jumilia’ × ‘Black Magic’ 20.00 cd 2.25 d 4.08 c 14.85 a 20.63 ab 0.073 c 
‘Black Magic’ × ‘Jumilia’ 60.00 b 6.88 d 5.07 c 1.57 b 31.53 ab 1.02 bc 
‘Jumilia’ × ‘Tineke’ 14.44 d 60.50 a 13.66 a 0.71 b 11.27 b 0.74 bc 
‘Tineke’ × ‘Jumilia’ 45.60 bc 43.74 b 13.46 a 0.34 b 22.66 ab 1.56 b 
‘Jumilia’ × ‘Black Baccara’ 23.68 cd 12.37 cd 7.70 b 2.20 b 37.86 a 0.79 bc 
‘Black Baccara’ × ‘Jumilia’ 94.44 a 22.94 c 12.85 a 0.31 b 41.27 a 5.05 a 

P ≤ 0.05, SPE: seed production efficiency 

 

Table 5. Interspecific cross-compatibility indices among Rosa hybrida cultivar 

Varieties ACR (%) 
‘Tineke’ 30.00 c 
‘Jumilia’ 42.77 b 
‘Black Magic’ 50.00 ab 
‘Black Baccara’ 58.33 a 

P ≤ 0.05, ACR: average cross-compatibility/crossability rate  

 

 

crossability rate (%)

seed number per fruit

avg. fruit weight (g)
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BM – ‘Black Magic’, J – ‘Jumilia’, BB – ‘Black Baccara’, T – ‘Tineke’
Fig. 1. Principal component analysis
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Cross-compatibility indices
Significant statistical differences (P ≤ 0.05) were 

observed between average cross-compatibility rates. 
The average crossability rate (ACR) is presented in 
Table 5. The ACR of these genotypes ranged from 
30% for ‘Tineke’ to 58.33% for ‘Black Baccara’.

Principal component analysis
Principal component analysis (PCA) was perfor-

med, and the biplot was established for a greater ap-
proximation compared with the coefficient of correla-
tion to describe the crossability success between rose 
varieties. Given the eigenvalue higher than 1, the first 
(F1) and second (F2) principal components explained 
48.57% and 33.17% of the total variation, cumulati-
vely accounting for 81.74% (Fig 3). The PCA-biplot 
results indicated a positive correlation between crossa-
bility rate and seed production efficiency because they 
were placed on the same side and had similar vector 
lengths. Average fruit weight, pollen germination rate 
and seed number per fruit also positively correlated 
(Fig. 3). Among all the cross-combinations, ‘Black 
Baccara’ × ‘Jumilia’ was found to have a higher cros-
sability rate and seed production efficiency. ‘Tineke’ × 
‘Jumilia’ and ‘Jumilia’ × ‘Tineke’ combinations were 
classified as the best based on average fruit weight, 
pollen germination rate, and seed number per fruit 
(Table 4).

DISCUSSION

Controlled hybridization has been used in cut rose 
breeding. The most important step in cross-breeding is 
to include genotypes in breeding programs to ensure 
high pollen viability/germination and a high seed set. 
Breeders are interested in enhancing the number of se-
eds per fruit. Therefore, fertile progenitors also yield 
high seeds, and due to the heterozygosity in roses, new 
rose varieties can be obtained more easily with the 
characteristics desired by breeders. Problems in rose 
hybridization arise from ploidy differences [Leus et al. 
2018]. The base chromosome numbers of rose were 
reported as 2n = 2x, 3x, 4x, 6x, 8x, and 10x [Jian et 
al. 2010]. The ploidy levels of all genotypes used in 
the current study were found to be 2n = 4x (tetraplo-
id). These results were compatible with research sho-
wing that the 2C/DNA levels of tetraploid roses varied 

from 1.85 pg/2C to 2.71 pg/2C [Yokoya et al. 2000]. 
According to reports, commercial-cut roses are usual-
ly tetraploid, while garden roses are either diploid or 
tetraploid [Datta 2018]. Tetraploid (2n = 4x) roses are 
more frequently utilized in breeding programs becau-
se of their beneficial production performance [Zlesak 
2007]. However, it was found that different hybrid 
combinations produced different types of fruit and 
seeds. This variation results from the fact that plants 
with differing DNA contents but the same ploidy le-
vels (e.g., tetraploid) can become incompatible with 
one another. This could be because variations in DNA 
content impact both physiological and genetic proces-
ses [Morey 1959, Rajapakse et al. 2001, Kazaz et al. 
2020, Dogan et al. 2022]. Nadeem et al. [2013] repor-
ted that most Rosa hybrida cultivars are tetraploid and 
self-fertilized. For this reason, the low fruit set could 
be explained as cross incompatibility and ploidy level. 
In the present study, the findings are consistent with 
the findings of other researchers [Täckholm 1923, 
Erlanson 1938, Krussmann 1981, de Vries and Dubois 
1996, Crespel et al. 2002, Zlesak 2007]. Although 
crossing efficiency typically remains consistent, with 
the number of fruits or seeds per fruit being similar 
regardless of whether the tetraploid parent is used as 
seed or pollen donor, the current study observed varia-
tions in fruit or seed formation. These differences can 
be attributed to the physiological and genetic factors 
of the parent plant. 

The pollen germination rate in the current study 
ranged from 11.36% to 23.41%, whereas the pollen 
viability rate ranged from 33.29% to 47.25%. The 
lower and upper limit values varied among the inve-
stigations despite the fact that the results of the cur-
rent study were largely consistent with the previous 
studies. The genotype, ploidy levels [Ueckert 2014], 
methods [Sulusoglu and Cavusoglu 2014], climate, 
plant nutritional status, pollen collection time (season, 
flowering period, and flower development period) 
[Martins et al. 2017], storage conditions, and sto-
rage duration are all thought to affect pollen quality 
[Miler and Wozny 2021]. Furthermore, it has been 
reported that wild and ancient garden roses produce 
higher-quality pollen than hybrid roses, which is con-
sistent with the findings of the current study [Ueda and 
Hirata 1989, Gudin and Arene 1991, Meral 2023, Kılıç 
2023]. According to Nadeem et al. [2013], interspe-
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cific hybridizations, meiotic anomalies, heterozygous 
polyploidy parents, and the buildup of lethal recessive 
alleles may all contribute to the reduced pollen ferti-
lity of hybrid roses. High fertility in pollen enhances 
the efficiency of breeding programs and decreases the 
risk of infertile pollen related to using of new pollen 
donors. In the current study, differences in fruit set, 
seed formation per fruit, weight of fruit and weight 
of seed were observed. ‘Jumilia’ showed a higher 
crossability rate as a male parent than when it used as  
a maternal parent because ‘Jumilia’ featured high pol-
len viability and pollen germination. ‘Black Baccara’ 
achieved a good ACR of 58.33%, but the combination 
of ‘Black Magic’ × ‘Jumilia’ obtained 6.88 seeds per 
fruit. These reciprocal crossings showed that not all 
combinations were successful and some preferential 
crossing directions were observed (Table 3). However, 
the efficiency depended on the specific cross combina-
tion and varied between 2.25 and 60.50 seeds per fruit. 
The current study indicated the maximum crossabili-
ty rate in ‘Black Baccara’ × ‘Jumilia’ (94.44%), whi-
le the ineffective result in crossability rate (23.68%) 
was obtained in ‘Jumilia’ × ‘Black Baccara’. ‘Black 
Baccara’ showed a better SPE ratio than ‘Jumilia’, 
and this situation was paralleled by the success of 
crossability. The maximum number of seeds per fru-
it was obtained from the ‘Jumilia’ × ‘Tineke’ (60.50 
seeds) combination, followed by ‘Tineke’ × ‘Jumilia’ 
(43.74 seeds). Regardless of the combination, Khan 
et al. [2021] found that the fruit set rate was 63.33% 
in their crossbreeding investigation. According to 
Abdolmohammadi et al. [2014], the combinations’ 
fruit set rates ranged from 0% to 80.00%. It varied be-
tween 0% and 100.0% in the Atram et al. [2015] study 
and between 30.00% and 83.00% in the Nadeem et 
al. [2015] trials. According to research that determined 
the average number of seeds per fruit, roses typically 
had between 0 and 50.0 seeds per fruit [Zlesak 2007]. 
Abdolmohammadi et al. [2014] found that crosses be-
tween wild and old garden roses and modern roses re-
sulted in an average of 0–35.30 seeds per fruit. Using 
contemporary roses as parents, Nadeem et al. [2015] 
found that the average number of seeds per fruit varied 
from 15.0 to 33.0. According to Farooq et al. [2016], 
crosses between five distinct rose species showed ave-
rage numbers of seeds per fruit ranging from 0 to 17.0. 
According to Khan et al. [2020], hybrid roses had seed 
numbers ranging from 0.0 to 15.0 per fruit. 

The complex genetic structures of genotypes 
[Ueckert 2014], parental fertility [Nadeem et al. 
2015], incompatibility [MacPhail and Kevan 2009], 
meiotic abnormalities, and the accumulation of le-
thal alleles [Ogilvie et al. 1991, Nadeem et al. 2015] 
may all contribute to the variation in crossability rate 
among combinations. Furthermore, a poor crossability 
rate may result from hormonal regulation that affects 
the embryo and hip formation [Cruden and Lyon 1989, 
Stone et al. 1995]. According to Gudin [2001], fruit 
set in roses appears to be regulated by embryo deve-
lopment. The crossability rate and seed production ef-
ficiency were shown to be positively correlated in the 
current study. Zlesak [2007] asserts that hybrid roses 
are primarily self-pollinating and that the ability of the 
female gametes to accept foreign pollen is what deter-
mines whether the crossover is successful. The diffe-
rences in seed set and crossability rate could also be 
attributed to petal counts [Nadeem 2012]. In the wild, 
there are more fruits and seeds, while old garden roses 
have fewer petals because of increased infertility. It has 
also been claimed that roses with fewer petals produ-
ce more fruits than those with more petals [Baydar et 
al. 2016]. Additionally, researchers found that sterility 
caused fewer fruits and seeds, which were correlated 
with fewer anthers as the number of petals increased. 
Other studies reported that the number of seeds per 
fruit may differ depending on pollination, fertilization, 
embryogenesis, ploidy levels and pollen viability and 
germination [Gudin and Arene 1992, Zlesak 2007, 
Farooq et al. 2016, Kazaz et al. 2020]. These differen-
ces were due to ACR, SPE, meiotic abnormality and 
accumulation of recessive alleles [Zlesak 2007]. The 
germination percentage differed for each combination. 
The low seed germination percentage could be attri-
buted to a lack of a good seed set or viable embryos 
[Fagerlind 1954]. In addition, environmental factors 
such as daylight or daily temperature affect crossabi-
lity rates and germination. A physiological dormancy, 
which is under hormonal control, may affect rose seeds 
[Semeniuk et al. 1963, Gudin 1995, Finch-Savage and 
Leubner-Metzger 2006]. Hence, the rose embryo may 
force the seed coat to open. Zlesak [2005] reported 
that hybrid tea roses demonstrate between 38.6% and 
64.4% germination rates as these genotypes feature 
high germination rates. This confirms the findings of 
the current study that hybrid tea roses show different 
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germination characteristics of tetraploid genotypes as 
a result of different crosses. In the current study, the 
fertility status of genotypes varied from low to high.

CONCLUSIONS
Production and breeding in cut roses are conti-

nuously advancing, however, due to the limited scope 
of current rose breeding efforts, breeders are focused 
on increasing seed production to develop new rose va-
rieties. The current study aimed to assess the compati-
bility among several Rosa varieties used in commercial 
cut rose breeding programs. It was found that ‘Black 
Baccara’ and ‘Jumilia’ exhibited excellent crossability 
rates and seed germination rates, with ‘Jumilia’ proving 
to be a superior male parent for all crosses. The findings 
emphasize the importance of compatible parent pairs in 
improving crossability indices (ACR, SPE), suggesting 
that further combinations of parents should be tested 
to fully explore their breeding potential. By improving 
crossability and seed sets, which are crucial for creating 
commercially viable rose varieties, this study provides 
valuable insights into current breeding strategies. The 
results offer practical applications that can guide future 
rose breeding programs. Moreover, further research is 
recommended into the effects of different ploidy levels 
across various cross combinations to optimize breeding 
outcomes and enhance the development of new rose va-
rieties.

ACKNOWLEDGMENTS 

The author is thankful to Prof. Dr. Metin Tuna for 
contributing to the ploidy levels of the present study.

SOURCE OF FUNDING

This research received no external funding.

REFERENCES

Abdolmohammadi, M., Jafarkhani, K.M., Zakizadeh, H., 
Hamidoghli, Y. (2014). In vitro embryo germination and 
interploidy hybridization of rose (Rosa Sp). Euphytica, 
255–264. https://doi.org/101007/S10681-014-1098-0

Abejide, D.R., Falusi, O.A., Daudu, O.A.Y., Gado, A., 
Dangana, M.C., Lateef, A.A. (2013). Assessment of pol-
len production, viability and germinability three sesame 
cultivars. Int. J. Appl. Biol. Res., 5(1), 62–71.

AIPH and Union Fleurs (2018). AIPH and Union Fleurs 
Publish 2018 International Statistics Yearbook – 
Flowers & Plants. Holland, 66. 

Atram, V.R., Panchabhai, D.M., Patıl, S., Badge, S. (2015). 
Crossing efficiency studies in hybrid tea rose varieties. 
Bioscan, 10(4), 2019–2025.

Baydar, H., Erbas, S., Kazaz, S. (2016). Variations in floral 
characteristics and scent composition and the breeding 
potential in seed-derived oil-bearing Roses (Rosa da-
mascena Mill.). Turk. J. Agric. Forest., 40(4), 560–569. 

Crespel, L., Gudin, S., Meynet, J., Zhang, D. (2002). Aflp-
based estimation of 2n gametophytic heterozygosity in 
two parthenogenetically derived diploids of Rosa hybri-
da L. Theor. Appl. Genet., 104, 451–456.

Cruden R.W., Lyon, D.L. (1989). Facultative xenogamy: 
Examination of a mixed mating system. In: J.H. Bock, 
Y.B. Linhart (eds), The evolutionary ecology of plants. 
Westview Press, Boulder, Colorado, 171–207.

Datta S.K. (2018). Breeding of new ornamental varieties: 
rose. Curr. Sci., 114(6), 1194–1206. https://doi.
org/10.18520/cs/v114/ i06/1194-1206 

De Vries, D.P., Dubois, A.M. (1996). Factors affecting fruit 
and seed set in hybrid tea rose ‘Sonia’. Acta Hortic., 
226, 223–230.

Debener, T., Mattiesch, L. (1995). Genetic analysis of mo-
lecular markers in crosses between diploid roses. In: II 
International Rose Symposium, 424, 249–252.

Dogan, E., Kazaz, S., Kılıç, T., Dursun, H., Ünsal, H.T., 
Uran, M. (2020). A research on determination of the 
performance Rosa Damascena Mill. as pollen source in 
rose breeding by hybridization. J. Fac. Agric., Special 
Issue, 194–201.

Dogan, E., Kılıç, T., Kazaz, S. (2022). The effects of seed 
parents success in cut rose breeding. Düzce Univ. 
Faculty Forestry, 18(2), 461–471.

Erlanson, E.W. (1938). Phylogeny and polyploidy in Rosa. 
New Phytol., 37, 72–81.

Eti, S. (1991). Bazı Meyve Tür ve Çeşitlerinde Değişik 
in vitro Testler Yardımıyla Çiçek Tozu Canlılık ve 
Çimlenme Yeteneklerinin Belirlenmesi [Determination 
of flower powder viability and germination capabilities 
of some fruit species and varieties by using different in 
vitro tests]. Cukurova J. Agric. Food Sci., 6(1), 69–80. 
In Turkish.

Fagerlind, F. (1954). Influence of the pollen-giver on the 
production of hips, achenes and seeds in the ‘Canina 
Roses’. Acta Hortic. Berg., 16, 121–168. In Turkish.

Farooq, A., Lei, S., Nadeem, M., Asif, A., Akhtar, G., Butt, 
S.Ş. (2016). Cross compatibility in various scented rosa 
species breeding. Pak. J. Agric. Sci., 53(4), 863–869.

Finch-Savage, W.E, Leubner-Metzger, G. (2006). Seed 
dormancy and the control of germination. New Phytol., 
171, 501–523.



https://czasopisma.up.lublin.pl/index.php/asphc 59

Doğan Meral, E., Kiliç, T., Kirbay, E., Kazaz, S., Gözen, V. (2025). Reciprocal cross-compatibility in cut rose breeding. Acta Sci. Pol.  
Hortorum Cultus, 24(1), 51–60. https://doi.org/10.24326/asphc.2025.5390

Gudin, S. (1992). Influence of bud chilling on subsequent re-
productive fertility in roses. Sci. Hortic., 51,139–144.

Gudin, S. (1995). Rose improvement: a breeder’s experience. 
Acta Hortic., 420, 125–128.

Gudin, S. (2001). Rose breeding technologies. Acta Hortic., 
547, 23–33.

Gudin, S., Arene, L. (1991). Influence of the pH of the 
stigmatic exudate on male–female interaction in Rosa 
hybrida L. Sex. Plant Reprod. 149(4), 110–112. 

Gudin, S., Arene, L. (1992). Putrescine increases effective 
pollination period in roses. Hort. Technol., 2, 211–213.

Gudin, S., Arene, L., Chavagnat, A., Bulard, C. (1990). 
Influence of endocarp thickness on rose achene germi-
nation: genetic and environmental factors. HortScience, 
25(7), 786–788.

Jacob, Y., Ferrero, F. (2003). Pollen grains and tubes. 
Encyclopedia of Rose Sci., 2, 518–523.

Jones, H.G. (2004). Plants and microclimate: a quantitative 
approach to environmental plant physiology. Cambridge 
University Press. 

Jian, H.Y., Zhang, H., Tang, K.X., Li, S.F., Wang, Q.G. 
(2010). Decaploidy in Rosa praelucens, Byhouwer 
(Rosaceae) endemic to Zhongdian Plateau, Yunnan, 
China. Caryology, 63, 162–167.

Kazaz, S., Karagüzel, Ö., Aydınşakir, K., Kaya, A.S. (2010).  
Topraksız Kültürde Kesme Gül Yetiştiriciliği [The cul-
tivation of roses on soilless culture]. IV. Süs Bitkileri 
Kongresi, 22–24 October 2010, Mersin. In Turkish.

Kazaz, S., Dogan, E., Kılıç, T., Şahin, E.G., Dursun, H., 
Tuna, G. (2020). Does pollination with scented Rose ge-
notypes as pollen source affect seed set? J. Agric. Fac. 
Ege Univ., 57(3), 393–399. https://doi.org/10.20289/
zfdergi.637793

Khan, M.F, Hafiz, I.A., Khan, M.A, Abbasi, N.A., Habib, 
U., Shah, M.K.N. (2020). Mitigation of seed dorman-
cy and microsatellite analysis of hybrid population of 
garden roses (Rosa hybrida). Sci. Hortic., 262(1). http://
dx.doi.org/10.1016/j.scienta.2019.109044 

Khan, M.F, Hafiz I.A, Khan, M.A, Abbasi, N.A, Habib, U., 
Shah, M.K.N. (2021). Determination of pollen fertility 
and hybridization success among Rosa hybrida. Pakistan 
J. Bot. 53(5), 1791–1800. http://dx.doi.org/10.30848/
PJB2021-5(15)

Kılıç, T. (2023). Identifying successful combinations by 
fertility ındex in old garden roses and hybrid tea roses 
crosses. PeerJ, 11, e15526. http://doi.org/10.7717/pe-
erj.15526

Krussmann, G. (1981). The complete book of Roses. Timber 
Press Portland Oregon, 531.

Lawrence, B.M. (1997). Progress in essential oils. Perfumer 
& Flavorist, 22(5),71–83.

Leus, L. (2005). Resistance breeding for powdery mildew 
(Podosphaera Pannosa) and black spot (Diplocarpon 

Rosae) in roses. Fac. Biosci. Eng., Ghent University, 
Belgium. http://hdl.handle.net/1854/LU-471624

Leus, L., Van Laere, K., De Riek, J., Van Huylenbroeck, J. 
(2018). Rose. In: J. Van Huylenbroeck (ed.), Ornamental 
Crops. Handbook of Plant Breed. 11, Springer 
International Publishing Ag, Part of Springer Nature, 
719–767. https://doi.org/10.1007/978-3-319-90698-0_27

Liu, Z., Boachon, B., Lugan, R., Tavares, R., Erhardt, M., 
Mutterer, J., Demais, V., Pateyron, S., Brunaud, V., 
Ohnishi, T. (2015). A conserved cytochrome P450 evolved 
in seed plants regulates flower maturation. Mol. Plant, 8, 
1751–1765. https://doi.org/10.1016/j.molp.2015.09.002

MacPhail, J.V., Kevan, P.G. (2009). Review of the breeding 
systems of wild roses (Rosa spp.). Floricult. Ornam. 
Biotechnol. 3, special issue, 1–13. 

Martins, E.S, Davide, L.M.C., Miranda, G.J., Barizon, J.O., 
Souza, Jr F., Carvalho, R.P., Gonçalves, M.C. (2017). 
In vitro pollen viability of maize cultivars at different 
times of collection. Cienc. Rural, 47(2). https://doi.or-
g/10.1590/0103-8478cr20151077

Meral, D.E. (2023). Crossability of miniature rose and quan-
titative and qualitative traits in hybrids. Front. Plant Sci., 
14, 1244426. https://doi.org/10.3389/fpls.2023.1244426

Miler, N., Wozny, A. (2021). Effect of pollen genotype, tem-
perature and period of storage on in vitro germinability 
and in vivo seed set in chrysanthemum preliminary study. 
Agronomy 11(12), 2395. https://doi.org/10.3390/agrono-
my11122395

Morey, D. (1959). Observations on the genetics of doubleness 
in Roses. Am. Rose Ann. 44, 113–116.

Nadeem, M. (2012). Morphogenetic analysis and exploita-
tion of heterosis among hipbearing hybrid roses. D. Phil. 
Thesis, University of Agriculture, Pakistan. 

Nadeem, M., Akond, M., Riaz, A., Qasim, M., Younis, A., 
Farooq, A. (2013). Pollen morphology and viability rela-
tes to seed production in hybrid roses. Plant Breed. Seed 
Sci., 68, 25–38. https://doi.org/10.2478/V10129-011-
0078-Y

Nadeem, M., Wang, X., Akond, M., Awan, F.S., Khan, A.I., 
Riaz, A., Younıs, A. (2014). Hybrid identification, mor-
phological evaluation and genetic diversity analysis of 
Rosa × hybrida by SSR markers. Aust. J. Crop. Sci., 8, 
183–190.

Oh, J.S., Hwang, P.S., Chung, W.B. (2005). Degree of hete-
rosis and heterobeltiosis in F1 hybrids of eggplant. J. Life 
Sci., 15, 132–135.

Ogilvie, I., Cloutier, D., Arnold, N., Jui, P.Y. (1991). The ef-
fect of gibberellic acid on fruit and seed set in crosses of 
garden and winter hardy Rosa accessions. Euphytica, 52, 
119–123. https://doi.org/10.1007/BF00021324

Perez, S., Moore, J.N. (1985). Prezygotic endogenous bar-
riers to interspecific hybridization in Prunus. J. Am. Soc. 
Hortic. Sci., 110, 267–273. 



60 https://czasopisma.up.lublin.pl/index.php/asphc

Doğan Meral, E., Kiliç, T., Kirbay, E., Kazaz, S., Gözen, V. (2025). Reciprocal cross-compatibility in cut rose breeding. Acta Sci. Pol.  
Hortorum Cultus, 24(1), 51–60. https://doi.org/10.24326/asphc.2025.5390

Pipino, L., Scariot, V., Gaggero, L., Mansuino, A., Van 
Labeke, M.C., Giovannini, A. (2011). Enhancing seed 
germination in hybrid tea roses. Propag. Ornam. Plants, 
11(3), 111–118.

Rajapakse, S., Byrne, D. H., Zhang, L., Anderson, N., 
Arumuganathan, K., Ballard, R.E. (2001). Two genetic 
linkage maps of tetraploid Roses. Theor. Appl. Genet., 
103, 575–583. https://doi.org/10.1007/PL00002912

Roberts, A. (2003). Encyclopedia of Rose science. Academic 
Press, Elsevier, Oxford, 30–33.

Semeniuk, P., Stewart, R.N., Uhring, J. (1963). Induced se-
condary dormancy of rose embryos. Proc. Amer. Soc. 
Hort. Sci., 83, 825–828.

Stone, J.L., Thompson, J.D, Dent-Acosta, S.J. (1995). 
Assessment of pollen viability in hand-pollination expe-
riments: A review. Am. J. Bot., 82(9), 1186–1197. https://
doi.org/10.2307/2446073

Sulusoglu, M., Cavusoglu, A. (2014). In vitro pollen via-
bility and pollen germination in cherry laurel (Prunus 
laurocerasus L.). Sci. World J., 657123. https://doi.
org/10.1155/2014/657123 

Täckholm, G. (1923). Zytologische Studien Uber Die 
Gattung Rosa [Cytological studies on the genus Rosa]. 
Acta Hortic. Berg, 97–381. In German.

Tuna, M. (2016). IV. Flow Sitometri ve Tarımsal 
Araştırmalarda Kullanımı Uygulamalı Eğitim Programı 
[Applied training programme on flow cytometry and its 
use in agricultural research]. Namık Kemal University 
Faculty of Agriculture Department of Field Crops, 29–30 
January 2016. Tekirdağ. In Turkish.

Ueckert, J.A. (2014). Understanding and manipulating 
polyploidy in garden roses. Masterthesis, Texas A&M 
University. 

Ueda, Y., Hirata, T. (1989). Pollen fertility in Roses. Japan. J. 
Palynol., 35(2), 1–7.

Yokoya, K., Roberts, A.V., Mottley, J., Lewis, R., Brandham, 
P.E. (2000). Nuclear DNA amounts in Roses. Ann. Bot., 
85(4), 557–561. https://doi.org/10.1006/anbo.1999.1102

Zlesak, D.C. (2005). The effects of short-term drying on seed 
germination in rosa. Hortscience, 40(6), 1931–1932. 

Zlesak, D.C. (2007). Rose: Rosa hybrida. In: Flower breeding 
and genetics, N.O. Anderson (ed.), Springer, Minnesota, 
695–740.


