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Abstract 

 

Breeding among Rosa species is a tedious process with low success rate due to presence of variability in pollen fertility 

and environmental conditions. Introduction of varieties and development of new hybrid lines is direly needed for rose 

industry in Pakistan, particularly in Pothwar area. Present study was designed to introduce existing varieties to this area and 

to check their adaptability and pollen fertility for initiating conventional breeding. Experiment was laid out at University 

Research Farm Koont by using factorial RCBD. Twenty-one varieties were scrutinized for pollen traits to get effective 

pollen donor parents for improvement of desired traits in locally-adapted cultivars. The number of anthers per flower, pollen 

viability, germination percentage and pollen diameter were observed for selection of seed setting and pollen donor parents. 

30 cross-combinations were formed by use of 3 seed setting and 10 pollen-donor parents. Therefore 10 crosses were 

performed for each cross combination in this study. Successful hip setting was recorded after doing the recommended 

pollination practices. Variations in results was found regarding pollen behavior and its success rate in open field. Helen 

naude and Angel face contain significant number of anthers. Highest pollen viability percentage was observed in “Gruss-an-

teplitz” while maximum hip set percentage and seeds were produced by Bora bora (V14) crosses when both were compared 

to “Gruss-an-teplitz (V21)” and “Midas touch (V6)” crosses. Hip fresh weight positively correlated with number of seeds in 

each cross combination. Overall Gruss-an-teplitz proved better as female parent and yielded significant hip set percentage 

after hybridization. 
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Introduction 

 

The history of roses (Rosa hybrida) cultivation 

started about 5000 year ago from ancient China 

civilization, Western Asia and North Africa due to its 

aesthetic value (Gudin, 2000). Plantation of millions of 

roses in garden or pots for production of cut flowers, 

increases its popularity as an ornamental plant across 

the globe (Khosh-Khui & Teixeira, 2006). Newly 

adapted hybrids were evolved in current genome from 

the old ancestors, having unique characters through 

historic evolution (Scariot et al., 2006; Cock et al., 

2007). For breeding, successful seed production is pre-

requisite for evolving new species and rootstocks 

(Pipino et al., 2013, Bosco et al., 2015). Natural 

hybridization occurs among polyploid species in 

Mediterranean region due to favorable geological and 

climatic conditions, which popularizes it as 

biodiversity hotspot region (Marques et al., 2018). 

Evolution and adaptation of new hybrids in modern 

breeding programs includes controlled pollination, 

viable pollen parent, effective time of pollination, hip 

set for seed formation and maturation of viable seed to 

acquire new hybrid population. So, the selection of 

male parent with their known fertility status (number of 

seed produced per cross) is critical to avoid the risk of 

low seed yield (Zlesak, 2009). Modern rose cultivars 

(tetraploids) are usually associated with varying level 

of fertility, which could be due to their primordial 

interspecific origin (European tetraploids and Asian 

diploids) as well as intensive inbreeding (Zlesak, 2009; 

Pipino et al., 2011). Interploidy or interspecific 

hybridization is a new breeding technique to develop 

novel fertile progenies with desirable traits, in order to 

enrich genetic diversity (Chen et al., 2003). Rose (Rosa 

hybrida) remains the main breeding focus in Rosaceae 

family for achieving desirable characters, post 

pollination flower performance, problem of seed 

production and germination (Pipino et al., 2013; Caser 

et al., 2014; Bosco et al., 2015). Pollen traits including 

pollen viability, pollen germination and tube growth 

are important aspect for rose breeding process 

(Nadeem et al., 2014). Pollen viability percentage just 

after anthesis is critical phenomenon for successful 

crossbreeding (Macovei et al., 2016). Pollen 

morphology of Rosa L. genus is critically and 

systematically most important because of 

polymorphism (hybridization and polyploidy) which 

has been evolutionary carried out in 19th century by 

numerous researchers (Zielinski, 1985; Popek, 1996; 

Wronska-Pilarek & Jagodzinski, 2009). Selection of 

potential cultivar with desired traits takes years to be 

completed with success in breeding programmes. The 

seed production mainly correlates with pollen fertility 

and effective pollination (Pipino et al., 2009). The 

round pollen considered as viable and it increase the 

rate of self-pollination (Entomophilous in hybrid tea 

and floribundas). The slow opening of petals (25-35) is 

the main cause of self-pollination as it does not give 

access to insects or wind to shed or spread pollens, but 

remain in unopened bloom and increase its seed 

setting. Thus, it can be used for breeding programme to 

get desired traits (Bell, 1988). Studies regarding 

improvement in scented variety (Farooq et al., 2016) 

and heterosis breeding for qualitative and quantitative 

traits among seed bearing parents (Nadeem et al., 
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2015) were conducted in Faisalabad region of Pakistan, 

but the rain-fed Pothwar Plateau in Punjab has yet to be 

explored. The agro-climatic conditions of the Pothwar 

region like elevation, temperature and precipitation are 

entirely different from Faisalabad (Farooq et al., 2011). 

The survival rate of rose depends on growing 

conditions, photosynthetic activity (Wojtania & 

Matysiak, 2018) and environmental conditions i.e 

ample sunlight, moderate temperature and 

precipitation. All of them for this region are different 

from rest of rose growing area in Pakistan. Seed setting 

is desirable features of rose for artificial pollination for 

evolving new hybrid varieties (Wagner et al., 2000). 

The primary objective was to introduce rose cultivars 

in this region to evaluate seed setting success (Khan et 

al., 2019; Khan et al., 2020). So, keeping in view the 

given scenario, a research trial was planned with prime 

objective of evaluating pollen performance for 

selecting desirable varieties and consequently 

enhancing success rate of hybridization among existing 

gene pool of Rosa hybrida species. 

 

Materials and Methods 

 

The research work regarding conventional breeding 

was conducted in year 2016 at PMAS Arid Agriculture 

University Research Farm Koont (Latitude 33° 11' N, 

Longitude 73° 01' E) (Khan et al., 2020) and pollen 

examination of twenty-one varieties was performed in the 

Cytogenetics Laboratory, Department of Plant Breeding 

and Genetics, PMAS-Arid Agriculture University, 

Rawalpindi, Pakistan. 

 

Experimental procedure and data collection 

 

Number of anthers per flower: Number of anthers per 

flower was counted in the month of April, with three 

replications for each variety. 

 

Pollen viability percentage: Three flowers at colored 

bud stage/ open stage from each variety were harvested 

from selected plants. Required quantity of anthers were 

sliced on a new microscope slide to shed pollens and 2-3 

drops of aceto-carmine (2%) were used as staining 

solution for pollen viability test (Nadeem et al., 2014). 

Later, the samples were covered with a cover slip and 

pollen viability was observed under using 

stereomicroscope (Nikon SMZ 1500). The pollen grains 

having red stain were considered as viable pollen (Eti, 

1990; Ercisli, 2007; Crespel et al., 2015). 

 

Pollen diameter: Diameter of viable pollens was also 

measured by using micrometer at 10X magnification in 

microscope for each sample and value was expressed in 

micrometer (µm). 

 

Pollen germination percentage: Pollen germination 

percentage was observed to check the feasibility of 

pollens donor parents by using three prepared growing 

medias having 10, 15 and 20% sucrose in 2% agar media, 

respectively for each sample. Pollen after dehiscence were 

poured at growing media and placed in incubation for 24 

hours by maintaining temperature at 24 ± 2°C. 

Germination percentage was observed under 

stereomicroscope (Nikon SMZ 1500). When pollen 

growth attained a size 1.5 times greater than diameter, it 

was considered as germinated pollen (Leus, 2005). 

 

Hybridization study: The selective varieties already 

evaluated on the basis of morphological performance 

(Khan et al., 2019) were used for hybridization. 

Conventional approach was used to develop a new hybrid 

lines, by using cross combination among the three seed 

bearing and ten viable pollens parents (Abdolmohammadi 

et al., 2014). Both emasculation and pollination were 

performed in open field (Wagner et al., 2000). Varieties 

used in this study are polyploid (Khan et al., 2019) and 

genetically their self-compatibility varies according 

suitable environment (Chimonidou et al., 2007). Female 

flowers at reflex stage (when sepal starts bending and 

two-three petals opened) were selected. Anthers were 

smoothly clipped by using Forcep (to avoid self-

pollination) without disturbing stigma of female flower 

(Dhyani et al., 2004). The list of selected parents and their 

cross combinations are presented in Table 1. 

 

Table 1. Cross combinations made between selected varieties used in breeding program. 

Varieties Midas touch (V6) Bora bora (V14) Gruss-an-teplitz (V21) 

Eye paint (V4) V6 x V4 V14 x V4 V21 x V4 

Fragrant plum (V5) V6 x V5 V14 x V5 V21 x V5 

Elina (V7) V6 x V7 V14 x V7 V21 x V7 

Anee Marie Trechslin (V9) V6 x V9 V14 x V9 V21 x V9 

Bridal pink (V12) V6 x V12 V14 x V12 V21 x V12 

Morstylo (V13) V6 x V13 V14 x V13 V21 x V13 

Pat austin (V15) V6 x V15 V14 x V15 V21 x V15 

Hot cocoa (V17) V6 x V17 V14 x V17 V21 x V17 

Broceliande (V19) V6 x V19 V14 x V19 V21 x V19 

Scentimental (V20) V6 x V20 V14 x V20 V21 x V20 

*Cross combinations used in hybridization study. *Seed setting parents are shown in vertical and pollen donor are represented in 

horizontal line. Varieties Midas touch, Bora bora and Gruss an teplitz good seed-bearing parents. Pollen donor parents were selected 

on the basis of pollen viability and pollen germination percentage 
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Data collection 
 

The successful hip formation for each combination 

divided by the number of total crosses multiplied with one 

hundred to get combination success percentage. The hips 

maturation data was recorded in days from day of 

crossing (April), till maturity of hips (August). The 

harvested hips fresh weight (g) and diameter (cm) were 

measured by using electric balance and Vernier caliper, 

respectively. Seeds were extracted manually from hips 

and counted in three replications for each combination. 

Then seeds were stored at 4
o
C for treatment of 

germination improvement. 

 

Meteorological data of experimental site: The 

meteorological data including temperature (maximum, 

minimum and average) and relative humidity was given 

in Fig. 1. 
 

Statistical analysis 
 

Ten crosses were performed for each cross 
combination and their results were described in percentage. 
In field, experiment was laid out under factorial Completed 
Randomized Complete Block Design (RCBD) with three 
replications. Data regarding parameters was compared by 
using LSD test with 5% significance level and Statistix 8.1 
software was used for analysis of variance (ANOVA). In 
laboratory analysis, Completely Randomized Design 
(CRD) was used with 1% significance level. Correlation 
among field data was done by using PAST software (Steel 
& Torrie, 1980; Farooq et al., 2016). 
 

Results 
 

Number of anthers per flower: On statistical analysis of 

data, significant variation was observed regarding number 

of anthers per flower in all varieties as shown in Fig. 2. 

Higher numbers of anthers per flower (136.30) were 

observed in var. Helen naude followed by var. Angel face 

(producing 129.90 anthers per flower). Lowest numbers 

of anthers per flower (25.57) were exhibited in var. Gruss-

an-teplitz. The results regarding number of anthers per 

flower varied significantly among other varieties used in 

this study. The number of anthers in var. Bora bora 

(103.10), Elina (102.80), Fragrant plum (70.00) and 

Broceliande (68.87) were at par with each other and not 

significantly different. 
 

Pollen viability percentage (%): For the selection of 

desired pollen parents, observation of pollen viability 

percentage is considered important. Statistical analysis 

depicted that viability percentage varied significantly 

among all varieties (Fig. 3). Gruss-an-teplitz showed 

highest pollen viability percentage (67.40 %) where, the 

lowest pollen viability was recorded in var. Candy stripe 

(28.60 %) followed by Jude-the-obscure (30.20 %). The 

pollen viability in varieties Helen naude (56.80 %), Midas 

touch (56.80 %), Magic lantern (55.60 %), Pat austin 

(54.80 %), Morstylo (54.60 %) and Mr Waqar (53.60 %) 

were noted and found at par with each other, having non-

significant difference. Nevertheless, differences were 

significant among other varieties. 

In vitro pollen germination percentage: After pollen 

viability test, their germination percentage was also 

recorded for each pollen donor parents as selected for 

hybridization by conventional breeding method. A 

contrasting behavior regarding pollen germination was 

observed for estimation of pollen vigor to get high success 

rate after pollination. Rose pollens were placed in three 

different media of sucrose concentration (10%, 15% and 

20% with 2% agar) under controlled condition. After 

incubation for 24 hours, variation in pollen germination 

was significantly different in all tested varieties. Statistical 

analysis showed that highest pollen germination percentage 

(54.23%) was observed var. Gruss-an-teplitz at 15% 

sucrose media followed by var. Midas touch (42.60%) and 

var. Fragrant plum (42.43%) at same in-vitro germination 

media (Fig. 4). Lowest germination percentage was shown 

by var. Jude-the-obscure (6.90%), followed by var. Elina 

(7.70%), var. First prize (8.30%) and var. Candy stripe 

(8.66 %), respectively. Overall 15 % sucrose with 2% agar 

germination media proved best in this experiment as 

compared to other tested mediums (Table 2). 
 

Pollen diameter (µm): The pollen diameter of all 

varieties varied significantly. The pollen diameter was 

significantly differed in var. Angel face (32.33 µm), var. 

Gruss-an-teplitz (32.26 µm) and var. Bora bora (31.86 

µm) that are shown in Fig. 5. 
 

Hybridization success results: The result of ANOVA 

showed that all parameters varied significantly and their 

mean values are shown in Table 3. The maximum hip set 

percentage (67%) was observed in Gruss-an-teplitz x Pat 

austin (V21 x V15). Overall maximum hip set percentage 

(67-44%) was observed in crosses with var. Gruss-an-

teplitz (V21) followed by crosses with var. Bora bora 

(V14= 56-44%) and var. Midas touch (V6= 56-33%). The 

maximum hip size (2.16 cm) was observed in Midas 

touch x Eye paint (V6 x V4). The minimum hips size 

(1.44 cm) was observed in Gruss-an-teplitz x Morstylo 

(V21 x V13). The hip size in crosses of var. Bora bora 

(V14) remained intermediate (1.86-1.84 cm), diameter 

was recorded less (2.16-2.09 cm) than crosses of var. 

Midas touch (V6) and greater (1.49-1.44 cm) than crosses 

of var. Gruss-an-teplitz (V21). The maximum hip fresh 

weight (5.63 g) was observed in cross of Midas touch x 

Anee Marie Trechslin (V6 x V9). The fresh weight of 

crosses Bora bora (V14) was remained second (4.48-4.31 

g) among other female parents. The lowest value of hip 

fresh weight (2.01 g) was observed in cross of Gruss-an-

teplitz x Bridal pink (V21 x V12). Days to hip maturity all 

values showed non-significant interval (90.77-53.66 days) 

among all crosses. The maximum number of days taken to 

maturity (90.77 days) was observed in crosses of Gruss-

an-teplitz x Eye paint (V21 x V4) and minimum (52.66 

days) in cross of Gruss-an-teplitz x Anee Marie Trechslin 

(V21 x V9). The maximum number of seeds per hip 

(15.00) were counted in cross of Bora bora x Bridal pink 

(V14 x V12), followed by with slight margin Midas touch 

X Bridal pink cross (V6 x V12= 14.33). The minimum 

number of seeds (7.33) were observed in cross of Gruss-

an-teplitz x Elina (V21 x V7), followed by (8.00) the 

cross of Gruss-an-teplitz x Fragrant plum (V21 x V5).  
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Fig. 1. Meteorological data for the year 2016. 

 

 
 

Fig. 2. Average number of anthers for each Rosa hybrida varieties. 
 

 
 

Fig. 3. Average pollen viability percentage of each variety. 
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Fig. 4. Average pollen germination of each variety in different growing media. 2% agar in each sucrose media. 

 

 
 

Fig. 5. Average pollen diameter of Rosa hybrida varieties. 

 

In hybridization, successful crosses relationship was 

observed by grouping in cluster and represented in Fig. 6. 

The cluster 1 was comprised of (V21 X V13, V21 X V5 

and V21 X V12), cluster 2 (V14 X V7, V6 X V12 and 

V14 X V12), cluster 3 (V21 x V15), cluster 4 (V21 x V4), 

cluster 5 (V21 x V9), cluster 6 (V6 x V20 and V6 x V4), 

cluster 7 (V6 x V15), cluster 8 (V6 x V9 and V14 x V9), 

cluster 9 (V14 x V5 and V6 x V5), cluster 10 (V21 x V7) 

and cluster 11 (V14 x V15 and V14 x V13). By clustering, 

all pollen parents show significance results and 

combining ability was positively assessed by their success 

percentage. All parameters were statistically analyzed to 

check their degree of relationship with each other. The 

first two components of PCA analysis showed 79.05 % 

and 13.43 % variance while grouping of crosses of Rosa 

hybrida specie were shown in Fig. 7. The grouping of the 

data confirmed that results of cluster analysis at linkage 

distance equal to 10. Hip set percentage has no significant 

correlation with all studied parameters as shown in Table 

4. The maximum value (r =*0.68203) show positive 

correlation among hip fresh weight and seeds per hip 

which showed positive strong correlation, while days to 

hip maturity showed positive correlation with hip fresh 

weight and seeds per hip. Diameter of hip showed 

positive correlation (r =0.12358 & r =0.030417) with hip 

fresh weight and seeds per hip. These findings also 

correlated with the Pipino et al., (2012) as significant 

positive correlation was observed regarding number of 

seeds after successful hybridization and it confirmed 

pollen quality seems to be most promising factor. 
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Table 2. Rosa hybrida varieties results for examined traits of pollen and parentage characters. 

Varieties No of anther Pollen diameter (µm) Character Seed setting 

Doreen johnson (V1) 95.00 ± 0.89gh 18 ± 0.88h Father No 

Helen naude (V2) 136.00 ± 2.31a 24.73 ± 0.87def Mother Yes 

Mr waqar (V3) 104.00 ± 0.11ef 24.4 ± 0.50d-g Mother, Father Yes 

Eye paint (V4) 72.00 ± 0.62kl 28.73 ± 0.43b Mother, Father Yes 

Fragrant plum (V5) 70.00 ± 1.35 l 22.93 ± 0.08fg Father No 

Midas touch (V6) 130.00 ± 1.46b 27.53 ± 0.40bc Mother Yes 

Elina (V7) 103.00 ± 3.30f 22.86 ± 0.37fg Father No 

Jude-the-obscure (V8) 78.67 ± 1.45j 13.2 ± 0.12i Father No 

Anee Marie Trechslin (V9) 112.33 ± 0.91d 25.8 ± 0.27cd Father No 

Magic lantern (V10) 81.67 ± 0.29ij 22.4 ± 0.23g Mother, Father Yes 

First prize (V11) 107.67 ± 0.59e 7.86 ± 0.60j Mother No 

Bridal pink (V12) 83.33 ± 0.88i 23.4 ± 0.12efg Father No 

Morstylo (V13) 98.00 ± 2.06g 23.26 ± 0.20efg Mother, Father No 

Bora bora (V14) 103.00 ± 0.59f 31.86 ± 0.19a Mother Yes 

Pat Austin (V15) 53.33 ± 0.99n 22.73 ± 0.77fg Mother, Father No 

Angel face (V16) 117.00 ± 2.06c 32.33 ± 0.20a Mother Yes 

Hot cocoa (V17) 93.00 ± 0.59h 23.46 ± 0.40efg Father No 

Candy stripe (V18) 64.33 ± 0.22m 3.53 ± 0.21k Father No 

Broceliande (V19) 68.67 ± 1.24l 22.26 ± 0.10g Father No 

Scentimental (V20) 74.33 ± 2.33k 25.33 ± 0.50de Father No 

Gruss-an-teplitz (V21) 25.67 ± 1.06o 32.26 ± 0.28a Mother, Father Yes 
 

Table 3. Comparison results for hip set (%), days to hip maturity, number of seeds per hip,  

diameter of hip and hip fresh weight after harvesting. 

Cross 
Hip set 

(%) 
Days to hip maturity No. of seeds/hip 

Diameter of hip 

(cm) 

Hip fresh weight 

(g) 

v6 x v4 33% 90.77 ± 0.6a 14.00 ± 0.2 ab 2.16 ± 0.0 a 5.57 ± 0.1ab 

v6 x v5 44% 78.33 ± 1.0ab 11.33 ± 0.2 a-c 2.12 ± 0.1ab 5.54 ± 0.2ab 

v6 x v7 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0f 

v6 x v9 44% 77.22 ± 1.8ab 9.667 ± 0.2 a-c 2.12 ± 0.2 ab 5.63 ± 0.1a 

v6 x v12 56% 80.11 ± 1.2ab 14.33 ± 0.3 ab 2.10 ± 0.1 b 5.39 ± 0.1b 

v6 x v13 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v6 x v15 33% 79.99 ± 0.3ab 12.66± 0.2 a-c 2.10 ± 0.1 b 5.50 ± 0.2ab 

v6 x v17 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v6 x v19 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v6 x v20 33% 89.22 ± 2.1ab 11.33 ± 0.2 a-c 2.09 ± 0.2 b 5.49 ± 0.0ab 

v14 x v4 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ±0 f 

v14 x v5 44% 78.11 ± 1.7ab 11.66 ± 0.2 a-c 1.84 ± 0.1 c 4.44 ± 0.1 c 

v14 x v7 56% 80.11 ± 1.4 ab 14.00 ± 0.2 ab 1.86 ± 0.1 c 4.36 ±0.0 c 

v14 x v9 44% 76.11 ± 0.1 b 12.33 ± 0.1 a-c 1.84 ± 0.0 c 4.41 ± 0.1c 

v14 x v12 56% 79.33 ± 1.1 ab 15.00 ± 0.2 a 1.85 ± 0.1 c 4.45 ± 0.1c 

v14 x v13 44% 78.11 ± 1.7ab 11.00 ± 0.2 a-c 1.84 ± 0.2 c 4.31 ± 0.1c 

v14 x v15 44% 78.99 ± 0.9ab 11.66 ± 0.2 a-c 1.84 ± 0.1 c 4.48 ± 0.1c 

v14 x v17 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v14 x v19 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v14 x v20 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v21 x v4 56% 90.77 ± 2.4a 9.667 ± 0.1 a-c 1.46 ± 0.2 de 2.13 ± 0.0de 

v21 x v5 56% 78.66 ± 2.5ab 8.000 ± 0.2 c 1.49 ± 0.1 d 2.31 ± 0.1 d 

v21 x v7 44% 80.66 ± 2.5ab 7.333 ± 0.2 c 1.44 ± 0.2 e 2.08 ± 0.0 de 

v21 x v9 56% 53.66 ± 1.2 c 9.333 ± 0.2 bc 1.49 ± 0.3 d 2.28 ± 0.1 d 

v21 x v12 56% 80.66 ± 2.5ab 9.000 ± 0.2 bc 1.47 ± 0.2 de 2.01 ± 0.1 e 

v21 x v13 56% 78.89 ± 3.5ab 9.000 ±0.1 bc 1.44 ± 0.2 e 2.09 ± 0.0 de 

v21 x v15 67% 80.55 ± 0.8 ab 11.33± 0.3 abc 1.46 ± 0.3 de 2.16 ± 0.0 de 

v21 x v17 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v21 x v19 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 

v21 x v20 0% 0 ± 0d 0 ± 0 d 0 ± 0 f 0 ± 0 f 
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Table 4. Correlation study among parameters of successful crosses in hybrid roses. 

Parameters 
Hip set % 

age 

Days to hip 

maturity 

Diameter of hip 

(cm) 

Hip fresh weight 

(g) 
Seeds per hip 

Hip set %age 1     

Days to hip maturity -0.26358 1    

Diameter of hip -0.17395 -0.028086 1   

Hip fresh weight -0.671 0.17822 0.12358 1  

Seeds per hip -0.15763 0.2311 0.030417 *0.68203 1 

 

 
 

Fig. 6. Tree diagram showing grouping of different crosses in Rosa species regarding parameters in breeding experiment. 
 

 
 

Fig. 7. Plot designed for description of principal components 

based on means of different crosses among hybrid roses on this 

the basis breeding parameters. 
 

Discussion on in vitro Pollen behavior for success of 

breeding: In vitro evaluation of pollen behavior can be 

helpful in increasing the success of breeding in the field 

conditions. All varieties were examined for their prominent 

characteristics. Selection of varieties on the basis of seed 

bearing and pollen donor parents were carried out earlier in 

different Rosa species (Visser et al., 1977; De Vries & 

Dubois, 1987; Crespel et al., 2015) which possessed different 

fertility level among species (Zlesak, 2009). In the present 

work, pollen viability of all varieties was evaluated to check 

the fertility rate and then further selection was made for 

breeding experiment. The maximum pollen viability 

percentage was observed in variety Gruss-an-teplitz 

(67.4 %), followed by Angel face (64.6 %). The pollen 

viability percentage of all varieties used in this study 

remained in between 28.6 % (Candy stripe) to 67.4 % 

(Gruss-an-teplitz). This pollen viability made the selection of 

parents easy. Interspecific hybridization produced 

heterozygosity with varying level of ploidy and prominent 

behavior of recessive alleles (Visser et al., 1977). In his work 

on pollen morphology variations in Rosa species, Ercisli 

(2007) recorded pollen viability percentage among species 

(31.88 to 48.6%) and in hybrid tea roses (27 to 61 %). Pollen 

grain viability percentage fluctuates as it is mainly dependent 

on varieties ploidy level and pollen efficiency (Visser et al., 

1977) as well as collection time (Gudin et al., 1991). 

Quantity of pollen per anther may vary in Rosa 

species, depending on variety, species, age, nutritional 

application and growing environmental conditions (Ercisli, 

2007). In this study, number of anthers per flower varied 

among each variety. Maximum number of anthers was 

recorded (136) in variety Helen naude and minimum 

(25.67) in Gruss-an-teplitz. Indistinguishable variations 

regarding number of anthers (83-260) was also observed by 

Zuraw et al., (2015). In modern roses, Gunes et al., (2004) 

reported variability in number of anthers in R. villosa (81.4) 

and R. Elliptica (148.1). Similar variation in number of 

anthers per flower was also observed in hybrid tea and 

floribunda roses by Ercisli (2007) and Zlesak (2009). 
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Pollen germination test of these varieties were also done 

to check the growth of pollen tube so that fertilization 

process may occur easily. The pollen germination in all 

varieties showed different behavior while grown on different 

concentration of sucrose. The maximum pollen germination 

was observed (54.23%) in sucrose 15% media. As sucrose 

level increase up to 20%, germination of pollen also 

decreased. Pollen germination percentage was recorded 

54.23 to 6.99% in all varieties. Richer et al., (2007) recorded 

pollen germination 43.18 to 5.17 % in Rosa Majalis and 

Rosa Canina which authenticated present findings. 

Germination capacity may vary in each variety depending on 

growing environment with pollen germination 16-38% in 

different concentration of sucrose. Similar results were 

reported by Visser et al., (1977) in hybrid tea roses (14-47%) 

to find out the suitable parents for hybridization. 

Less germination percentage was observed at both 

10% and 20% sucrose media as compared to 15% in all 

rose varieties. Pollen growing at 20 % sucrose media 

(Farooq et al., 2016) along with combination of Agar 

media, maximum germination was noted in scented roses 

R. damascena (57.6%) which were reduced in R. centifolia 

and R. indica while growing alone or with agar 

combination (Farooq et al., 2016). In this study maximum 

pollen grain germination was observed in 15 % sucrose 

level along with 2% agar. In two genotypes of Rosa 

species, Ercisli, (2007) reported pollen germination 32.16 

to 11.21 % which endorsed this work. Sucrose with the 

combination of boric acid always shows positive results in 

roses (Pearson & Harney, 1984; Marchant et al., 1992). 

Similar results were reported by Farooq et al., (2013) in his 

work on R. bourboniana and Gruss-an-teplitz while 

growing in 1% agar and 15 % sucrose media and found 

pollen germination up to 60.80% and 52.20%, respectively. 

The study on pollen tube growth (Al-Jibouri et al., 1987) 

and pollen viability (Pearson & Harney, 1984) give 

different results this may be due to genetic differences 

(Jacob & Pierret, 1998). Pollen availability and pollination 

in ornamnetals is mainly adhered by weather and influence 

breeding success in plants (Yao et al., 2019). 

The variation in pollen tube length (184.2 µm at 20x 

magnification) and pollen viability percentage (23 to 

45%) was observed in different species (Werlemark, 

2000; Ueda & Akimoto, 2001). Pollen viability decreases 

as temperature increases (Visser et al., 1977) and fertility 

of gametes also alter as physiological changes occur in 

plant growth (Gudin et al., 1991). The pollen diameter in 

different concentration of sucrose varies but varieties 

overall performance was best with nominated number of 

hips after crosses in Pothwar condition. This performance 

may be varied due to limited supply of water and 

nutrients. The commercially adapted varieties may vary in 

morphological attributes as grown at different 

environmental conditions. Candy stripe is one of the most 

attractive variety in commercial flower market as like 

First prize and Jude-the-obscure. In experimental area, 

these varieties performance was recorded meager as 

compared to other varieties (Khan et al., 2019). These 

varieties are considered good in Faisalabad and Pattoki 

region for their flower attractiveness, mix color geometry 

and scented petals. The varieties Hot cocoa, Bridal pink 

and Morstylo were at par with each other in pollen 

diameter having size of 23.46 µm, 23.40 µm and 23.26 

µm, respectively. The varieties Magic lantern and 

Broceliande pollen diameter were observed more fertile 

but Broceliande variety was selected for breeding parent 

due its attractive and regular bloom in growing season. 

Both Midas touch and Anee Marie Trechslin varieties also 

produced fertile pollen with diameter 27.53 µm and 25.80 

µm were selected for regular flowering and attractive 

color bloom. These varieties performance was excellent in 

Pothwar region. Due its attractive color bloom, Midas 

touch used as seed bearing parent and Anee Marie 

Trechslin used as pollen donor parent. These varieties 

produced consistent flowering. Pollen diameter may be 

considered as fertility predictor, but variation in pollen 

diameter of species and hybrid teas (21.3 μm-40.8 μm) 

also observed (Pipino et al., 2011; Ueda & Akimoto, 

2001). Pollen germination in species (29-51 to 52-82 µm) 

and hybrid tea roses (32.31 to 52.99 µm) may helpful in 

success of hybridization (Ueda & Akimoto, 2001). Pollen 

germination and pollen tube growth of hybrid tea at 15 % 

sucrose concentration performed well (Visser et al., 1977) 

and has positive correlation with pollen diameter (Pipino 

et al., 2009). Shriveled pollen was observed in tetraploid 

as compared to diploid (2n gametes), ploidy information 

may be important for success of hybridization through 

crossing (Zlesak, 2009). Differences in genomic size may 

make ploidy identification difficult through flow 

cytometry because diploid and tetraploid DNA content 

variation may occur due to triploids (Yokoya et al., 2000). 

 
Discussion on conventional crossing success: Variation 
in hip setting percentage was observed in executed cross 
combinations. Out of total 30 cross combinations, 19 
cross combinations (63.33%) remained successful in hip 
setting. Variations were found in hip setting and seed 
germination percentage after crossing among triploid, 
diploid as compared to tetraploid but with low hip set 
(14%) was seen when triploid used as a female parent 
(Cock et al., 2007). The maximum hip set percentage was 
observed in Gruss-an-teplitz crosses followed by Bora 
bora crosses in this work. Difference in hip set percentage 
among Rosa species may be influence by hormonal 
control on embryo and hip formation (Cruden, 1989; 
MacPhail, 2007; Nybom, 2007). A rose hip is a berry-like 
structure formed after pollination and subsequently petals 
shedding occurred.  Pollination during the flowering 
month of April, May and June (De Vries & Dubois, 1987) 
can give successful achievement in hybridization as 
pollen shed on stigma at right time which results in hip 
formation just after couple of weeks (Crespel & Gudin, 
2003). In Rosa species, comparison of varieties on their 
morphological attributes and their resulted seed with their 
associated parameters evaluated earlier (Najda & 
Buczkowska, 2013; Nadeem et al., 2015; Farooq et al., 
2016). Success rate, number of seeds, seed weight and hip 
development can be improved by application of repeated 
pollination practice (Chimonidou et al., 2007). 
Temperature range 23- 30

0
C and stigma receptivity of 

female parent with fertile pollen can significantly play a 
role for successful pollination (Crespel & Mouchette, 
2017). Environmental fluctuation, rain and nutrition 
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deficiency can also inhibit plant growth as well as hip 
development at optimum temperature 25-30

0
C (Nybom, 

2007) which may vary according to research area. 
Variation in temperature can cause hip abortion during 
embryo development (Gudin et al., 1991) but low 
temperature may helpful for seed formation and hip 
setting in hybrid tea roses (Von Abrams & Hand, 1956). 

In this study, hip setting varied significantly among all 

female parents. Gruss-an-teplitz showed overall maximum 

hip setting (67 %), followed by Bora bora and Midas touch. 

Midas touch hip setting percentage was seen less as 

compared to other female parent among all crosses. 

Variation in hip setting among all female parents may be 

hindered by genetic variability or other relevant pre and 

post-pollination factors. Rose flower cultivars whose 

longevity is affected by season, can perform better with 

summer production than winter production (Borch et al., 

1995). Crossing between within the species can cause 

sterility as in case of triploid or diploid hybridization. 

Ploidy or doubling of chromosome e.g. tetraploid can 

overcome these difficulties (Semeniuk & Arisumi, 1968, 

Roberts et al., 1990). Whereas determination of valuable 

morphological characters, floral characters are considered 

most important than vegetative character in Rosa species 

(Nybom et al., 2004). Sealed storage of air-dried seeds at 

low temperature is highly recommended (Schopmeyer, 

1974). The variability in morphological character of species 

makes taxonomic classification accuracy difficult due to 

spontaneous variation of characters as species may 

naturally hybridize. So, species can be identified from other 

section by their unique genetic basis rather than 

morphological description (Nybom et al., 2004; 

Wissemann & Ritz, 2007). This genetic basis may include 

meiotic system which shows maternal inheritance or basis 

of inheritance can leads to apomixis. The resulting progeny 

plant may or may not receive pollen parent genetic 

characters (Werlemark & Nybom, 2004). 

 

Conclusion 

 

Breeding among screened varieties seems to be 

promising due to suitability of climate. However, 

breeding efforts in an institution particularly in Pothwar 

climate, can be most attractive aspects in horticultural 

industry. The combination of superior traits varieties with 

Midas touch, Bora bora and Gruss-an-teplitz female 

parents has a potential for developing new hybrid lines. 

These varieties have significant seed setting percentage in 

addition with successful adaptation and hybridization. In 

future, this study might be useful for selecting new 

variants among Rosa species in Pothwar region. 

 

Acknowledgment 
 

This work was part of PhD thesis in PMAS Arid 

Agriculture University Rawalpindi, Pakistan. The authors 

highly acknowledged facilities provided by University 

Research Farm Koont and Department of Horticulture, 

PMAS AAUR for conducting this research endeavor. The 

financial assistance to complete this study was granted by 

“Prime Minister‟s Fee Reimbursement Scheme for Less 

Developed Areas (Selected Regions)”. 

References 
 
Abdolmohammadi, M., M. J. Kermani, H. Zakizadeh and Y. 

Hamidoghli. 2014. In vitro embryo germination and 

interploidy hybridization of rose (Rosa sp). Euphytica, 

198(2): 255-264. 

Al-Jibouri, A.A.M., M. Kgazal and I.S. Al Saadawi. 1987. Effect 

of gamma irradiation on pollen germination and pollen tube 

growth of four male cultivars of date palm (Phoenix 

dactylifera L.). Date Palm J., 5(1): 9-18. 

Bell, R.J. 1988. The Amateur Rose Breeder's Guide: Complete 

Instructions on how to Breed New Varieties of Roses. 

Borch, K., M.H. Williams and L. Hoyer. 1995. Influence of 

simulated transport on postharvest longevity of three 

cultivars of miniature potted rose. In II International Rose 

Symposium 424, pp. 175-180. 

Bosco, R., M. Caser, G.G. Ghione, A. Mansuino, A. Giovannini 

and V. Scariot. 2015. Dynamics of abscisic acid and indole-

3-acetic acid during the early-middle stage of seed 

development in Rosa hybrida. Plant Growth Regul., 75(1): 

265-270. 

Caser, M., F. Dente, G.G. Ghione, A. Mansuino, A. Giovannini 

and V. Scariot. 2014. Shortening of selection time of Rosa 

hybrida by in vitro culture of isolated embryos and 

immature seeds. Prop. Orna. Plant, 14(3): 139-144. 

Chen, J.F., J. Staub, C. Qian, J. Jiang, X. Luo and F. Zhuang. 

2003. Reproduction and cytogenetic characterization of 

interspecific hybrids derived from Cucumis hystrix Chakr × 

Cucumis sativus L. Theor. Appl. Genet., 106(4): 688-695. 

Chimonidou, D., A. Bolla, C. Pitta, L. Vassiliou, G. Kyriakou 

and H.M.C. Put. 2007. Is it possible to transfer aroma from 

Rosa damascena to Hybrid Tea Rose cultivars by 

hybridisation?. Acta Hort., 751: 299. 

Cock, K. D., V. Scariot, L. Leus, J.D. Riek and J.V. 

Huylenbroeck. 2007. Understanding genetic relationships 

of wild and cultivated roses and the use of species in 

breeding. CAB Reviews: Persp. Agri. Veter. Sci., Nutr. and 

Nat. Resou., 2(052). 

Crespel, L. and S. Gudin. 2003. Evidence for the production of 

unreduced gametes by tetraploid Rosa hybrida L. 

Euphytica, 133(1): 65-69. 

Crespel, L., C. Le Bras, D. Relion, H. Roman and P. Morel. 

2015. Effect of high temperature on the production of 2n 

pollen grains in diploid roses and obtaining tetraploids via 

unilateral polyploidization. Plant Breed., 134(3): 356-364. 

Crespel, L. and J. Mouchotte. 2017. Methods of cross-breeding. 

30-33. 

Cruden, R.W. 1989. Facultative xenogamy: examination of a 

mixed mating system. Evol. Eco. Plants, 171-207. 

De Vries, D.P. and L.A.M. Dubois. 1987. Factors affecting fruit 

and seed set in the hybrid tea-rose'Sonia'. In: Int. Symp. 

Propag. Ornam. Plants 226, (pp. 223-230). 

Dhyani, D., S. Karthigeyan and P.S. Ahuja. 2004. An efficient 

round cut method (RCM) for emasculation of rose flowers. 

In: Int. Rose Hip Conf. 690, (pp. 125-130). 

Ercisli, S. 2007. Determination of pollen viability and in vitro 

pollen germination of Rosa dumalis and Rosa villosa. 

Bangl. J. Bot., 36(2): 185-187. 

Eti, S. 1990. A practical method for the determination of pollen 

production. J. Agri. Faculty Cukurova Uni., 5: 49-58. 

Farooq, A., M. Kiani, M.A. Khan, A. Riaz, A.A. Khan, N. 

Anderson and D.H. Byrne. 2013. Microsatellite analysis of 

Rosa damascena from Pakistan and Iran. Hort. Environ. 

Biotechnol., 54(2): 141-147. 

Farooq, A., M.A. Khan, A. Ali and A. Riaz 2011. Diversity of 

morphology and oil content of Rosa damascena landraces 

and related Rosa species from Pakistan. Pak. J. Agric. Sci., 

48(3): 177-183. 



MUHAMMAD FAISAL KHAN ET AL., 1800 

Farooq, A., S. Lei, M. Nadeem, M. Asif, G. Akhtar and S.J. Butt. 
2016. Cross compatibility in various scented Rosa species 
breeding. Pak. J. Agri. Sci., 53(4). 

Gudin, S. 2000. Rose: genetics and breeding. Plant Breed. Rev., 
17: 159-190. 

Gudin, S., L. Arene and C. Bulard. 1991. Influence of season on 
rose pollen quality. Sex. Plant Reprod., 4(2): 113-117. 

Gunes, M., C. Cekic and Y. Edizer. 2004. Determination of 
pollen quantity, pollen viability and pollen germination in 
some dog rose species (Rosa section Caninae). In: Int. Rose 
Hip Conf., 690, (pp. 211-216). 

Jacob, Y. and V. Pierret. 1998. Pollen size and ploidy level in the 
genus Rosa. In XIX Intern. Symp. Improv. Orn. Plants 508, 
(pp. 289-292). 

Khan, M.F., I.A. Hafiz, N.A. Abbasi and M.K.N. Shah. 2019. 
Performance comparison of Rosa hybrida varieties under 
Pothwar climate. Int. J. Biosci., 14(1): 101-111. 

Khan, M.F., I.A. Hafiz, N.A. Abbasi and M.K.N. Shah. 2020. 
Mitigation of seed dormancy and microsatellite analysis of 
hybrid population of Garden roses (Rosa hybrida). Sci. 
Hortic., 262: 109044. 

Khosh-Khui, M. and J.A. Teixeira da Silva. 2006. In vitro 
culture of the Rosa species. Flori. Orna. Plant Biotechnol., 
2: 514-526. 

Leus, L. 2005. Resistance breeding for powdery mildew 
(Podosphaera pannosa) and black spot (Diplocarpon 
rosae) in roses. Ghent University. 

Macovei, A., M. Caser, D. Mattia, A. Valassi, A. Giovannini, D. 
Carbonera and A. Balestrazzi. 2016. Prolonged cold storage 
affects pollen viability and germination along with 
hydrogen peroxide and nitric oxide content in Rosa 
hybrida. Not. Bot. Hort. Agrobot. Cluj-Na., 44(1): 6-10. 

MacPhail, V.J. 2007. Pollination biology of wild roses (Rosa 
spp.) in eastern Canada. ProQuest. 

Marchant, R., J.B. Power, M.R. Davey, J.M. Chartier-Hollis and 
P.T. Lynch. 1992. Cryopreservation of pollen from two rose 
cultivars. Euphytica, 66(3): 235-241. 

Marques, I., J. Loureiro, D. Draper, M. Castro and S. Castro. 
2018. How much do we know about the frequency of 
hybridisation and polyploidy in the Mediterranean region?. 
Plant Biol., 20: 21-37. 

Nadeem, M., A. Younis, A. Riaz and K.B. Lim. 2015. Cross 
ability among modern roses and heterosis of quantitative 
and qualitative traits in hybrids. Hort. Environ. Biotechnol., 
56(4): 487-497. 

Nadeem, M., M. Akond, A. Riaz, M. Qasim, A. Younis and A. 
Farooq. 2014. Pollen morphology and viability relates to 
seed production in hybrid roses. Plant Breed. Seed Sci., 
68(1): 25-38. 

Najda, A. and H. Buczkowska. 2013. Morphological and 
chemical characteristics of fruits of selected Rosa sp. 
Modern Phytomorphol., 3: 99-103. 

Nybom, H. 2007. Unique reproduction in dogroses (Rosa sect. 
Caninae) maintains successful and highly heterozygous 
genotypes. Apomixis: Evol. Mecha. Perspect, 281-298. 

Nybom, H., G. Werlemark, D.G. Esselink and B. Vosman. 2004. 
Sexual preferences linked to rose taxonomy and cytology. 
In: Int. Rose Hip Conf. 690, (pp. 21-28). 

Pearson, H. M. and P.M. Harney. 1984. Pollen viability in Rosa 
[Genotypes]. Hort. Sci. (USA). 

Pipino, L., L. Leus, V. Scariot and M.C. Van Labeke. 2013. 
Embryo and hip development in hybrid roses. Plant Growth 
Regul., 69(2): 107-116. 

Pipino, L., L. Leus, V. Scariot, A. Giovannini and M.C. Van Labeke. 
2009. Pollen diameter relates to seed production in cut roses. 
In: V. Int. Symp. Rose Res. & Cultiv. 870, (pp. 143-146). 

Pipino, L., M.C. Van Labeke, A. Mansuino, V. Scariot, A. 
Giovannini and L. Leus. 2011. Pollen morphology as fertility 
predictor in hybrid tea roses. Euphytica, 178(2): 203-214. 

Pipino, L., V. Scariot, M.C. Van Labeke and L. Leus. 2012. 
Hybrid rose breeding: improving seed production efficiency. 
In II Intern. Symp. Woody Ornam. Temp. Zone, 281-286. 

Popek, R. 1996. Biosystematic studies of the genus Rosa L. 
Poland & Neighb. Count. Kraków: Polish Sci. Publishers 
PWN. 

Richer, C., M. Poulin and J.A. Rioux. 2007. Factors influencing 
pollen germination in three explorer roses. Can. J. Plant 
Sci., 87(1): 115-119. 

Roberts, A.V., I. Horan, D. Matthews and J. Mottley. 1990. 
Protoplast technology and somatic embryogenesis in Rosa. 
In Integr. In-vitro Techn. Ornam. Plant Breed. Proceed., 
Symp., 10-14 November 1990, (pp. 110-115). 

Scariot, V., A. Akkak and R. Botta. 2006. Characterization and 
genetic relationships of wild species and old garden roses 
based on microsatellite analysis. J. Amer. Soc. Hort. Sci., 
131(1): 66-73. 

Schopmeyer, C.S. 1974. Seeds of woody plants in the United 
States. Seeds Woody Plants Uni. States., (450). 

Semeniuk, P. and T. Arisumi. 1968. Colchicine-induced tetraploid 
and cytochimeral roses. Bot. Gazette, 129(3): 190-193. 

Steel, R.G.D. and J.H Torrie. 1980. Principles and procedures of 
statistics, a biometrical approach (No. Ed. 2). McGraw-
Hill Kogakusha, Ltd. 

Ueda, Y. and S. Akimoto. 2001. Cross-and self-compatibility in 
various species of the genus Rosa. J. Hort. Sci. Biotechnol., 
76(4): 392-395. 

Visser, T., D.P. De Vries, G.W.H. Welles and J.A.M. Scheurink. 
1977. Hybrid tea-rose pollen. I. Germination and storage. 
Euphytica, 26(3): 721-728. 

Von Abrams, G.J. and M.E. Hand. 1956. Seed dormancy in Rosa 
as a function of climate. Amer. J. Bot., 43(1): 7-12. 

Wagner, S., M. Ardelean, R. Sestras, V. Ghidra, D. Pamfil, G. 
Roman and V. Budiu. 2000. Achievements in rose breeding 
at Clujnapoca, Romania, in the last thirty years. Biotechnol. 
Biotechnol. Equip., 14(2): 37-41. 

Werlemark, G. 2000. Evidence of apomixis in hemisexual 
dogroses, Rosa section Caninae. Sex. Plant Repro., 12(6): 
353-359. 

Werlemark, G. and H. Nybom. 2004. The importance of being 
mother-inheritance in dogroses, Rosa section Caninae. In: 
Int. Rose Hip Conference. 113-118. 

Wissemann, V. and C.M. Ritz. 2007. Evolutionary patterns and 
processes in the genus Rosa (Rosaceae) and their 
implications for host-parasite co-evolution. Plant Syst. 
Evol., 266(1-2): 79-89. 

Wojtania, A. and B. Matysiak. 2018. In vitro propagation of 
Rosa „Konstancin‟ (R. rugosa × R. beggeriana), a plant 
with high nutritional and pro-health value. Folia Hort., 
30(2): 259-267. 

Wronska-Pilarek, D. and A.M. Jagodzinski. 2009. Pollen 
morphological variability of Polish native species of Rosa 
L. (Rosaceae). Dendrobiol., 62: 71-82. 

Yao, L., Y. Zhang, K. Zhang and J. Tao. 2019. Reproductive 

and pollination biology of Sorbus alnifolia, an ornamental 

species. Pak. J. Bot., 51(5): 1797-1802. 
Yokoya K., A.V. Roberts, J. Mottley, R. Lewis and P.E. 

Brandham. 2000. Nuclear DNA amounts in roses. Ann. 
Bot., 85(4): 557-561. 

Zielinsky, J. 1985. Studia nad rodzajem Rosa L. System atyka 

sekcji Caninae DC. em. Christ. Arbor. Kornickie, 30: 3-109. 

Zlesak, D.C. 2009. Pollen diameter and guard cell length as 

predictors of ploidy in diverse rose cultivars, species and 

breeding lines. Flori. Orn. Biotechnol., 3: 53-70. 

Zuraw, B., A. Sulborska, E. Stawiarz and E. Weryszko-

Chmielewska. 2015. Flowering biology and pollen 

production of four species of the genus Rosa L. Acta 

Agrobot., 68(3): 267-278. 

 

(Received for publication 1 July 2019) 


