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Abstract 

Roses have contributed to our social, economic and religious life hence they are called 
“Index of Civilization”. Presently in Pakistan most of the rose cultivars have been 
introduced from other countries hence they fail to fit in new environmental conditions of 
the country. Keeping in view the importance of this issue present study was aimed to get 
insight into the breeding procedure, complexities and tactics leading to achieve hybrid 
progenies and to study the magnitude of hybrid vigor inherited in the next generation of 
parent roses. For this purpose, comparatively well acclimatized and hip producing 
cultivars including “Autumn Sunset”, “Iceberg”, “Paradise”, “Angel Face”, “Casino”, 
“Louise Odier”, “Grand Margina”, “Handel” and “Gruss an Teplitz” were selected for 
crossing. They were planted in the Rose field of Institute of Horticultural Sciences, 
university of Agriculture, Faisalabad, Pakistan. Morphological description of all cultivars 
revealed various blends of color of flowers, foliage and leaf hairiness, petiole pubescence 
and inflorescence types. Data regarding flowering and yields traits also varied in all 
varieties, however over all better performance was exhibited by the cultivars  Iceberg and 
Gruss an Teplitz scoring 2.5 points each. Poor performance was exhibited by the cultivar 
Louise Odier. The genotypic and phenotypic and environmental coefficients of variations 
varied for all quantitative traits. Strong positive correlation was exhibited between 
number of flowers per plant and overall performance of bushes, flower diameter and petal 
length, bush shape and height of the plant however fragrance was negatively correlated to 
flower persistence life. Cluster analysis of the parent on the basis of quantitative traits 
revealed four major clusters which predicted the different performance for some traits but 
same for other. Within the individual cluster all the cultivars almost behaved similar.  
Results about pollen vigor parameters indicated that great variations in pollen quality, 
quantity, and viability and germination % ages. Maximum number of pollens per anther 
were exhibited by the cultivar Handel (1612.3) followed by cultivar Angel face (1588.7). 
Minimum numbers of pollens per anther were counted in the cultivar Iceberg. On average 
basis the performance of Angel face and Handel was better with respect to both number 
of anther per flower and number of pollens per anther. Pollen size (L: D) was almost 
same in all cultivars hence no significant differences were observed. Comparison of 
means of viability %age revealed that maximum number of viable pollens in term of 
viability %age were possessed by cultivar Handel (70%) followed by ‘Gruss an Teplitz’ 
(64%). The minimum viability of pollens was exhibited by the Cultivar ‘Autumn Sunset’ 
having pollen viability of 35%.  Germination medium having 15% sucrose proved very 
effective for optimum germination results as compared to 10% and 20% sucrose. On 
average basis the cultivar ‘Grand Margina’ yielded maximum pollen tube length of 
46.556 µm followed by ‘Gruss an Teplitz’ having pollen germination of 40.333 µm. The 
minimum pollen tube length of 9.222 µm was observed in cultivar ‘Iceberg’. Cluster 
analysis of cultivars on the basis of pollen quality and vigor parameters revealed three 
main groups. A strong correlation among pollen germination %age and pollen tube length 
(r = 0.77) and pollen germination %age and pollen viability %age (r = 0.731) was 
exhibited. Pollen germination is also strongly correlated with pollen size (r =0.738) The 
comparison of various fertility parameters in vitro and in vivo revealed that cultivar 
“Handel” showing its maximum pollen viability in vitro performed well with respect to 
giving more crossing success in field as compared to its average pollen germination %age 
invitro conditions followed by the cultivar Autumn Sunset. Cultivar Ice Iceberg did not 



xi 
 

yielded any successful cross. Maximum hip setting %age (83) was observed in for the 
cross combinations Iceberg x Gruss an Teplitz and Iceberg x Casino and minimum (30%) 
in Louise Odier x Paradise. Number of seed per hip also varied from 33 to 15 in all cross 
combinations. Response of seeds with respect to germination also varied significantly 
after treating the seed with various storage temperatures and acid treatments. Results 
indicated that germination period (F= 89.95, F<0.05), germination %age (F=67.16, 
P<0.05), imbibition period (F=26.13, P<0.05) and seed vigor index (F= 112.2, P<0.05) 
was affected significantly by all treatments accordingly. All the treatments also affected 
morphological traits of seedlings as well. Evaluation of hybrida in the field revealed that 
all the F1 hybrids produced showed significant variations in qualitative and quantitative 
traits over their parents. Data regarding heterosis and heterobeltiosis %ages showed also 
negative and positive results for various traits over their parents. Variations were 
observed for flower color and diameter, prickles, bush shape and overall performance of 
all F1 hybrid progenies. Performance of F1 progenies was evaluated in the field 
conditions while having comparison with their respective parents and data was analyzed 
by ANOVA to check the significance of variations in the parents and progenies and 
comparison of means. Further, more hybrid vigor estimation (Heterosis and 
Heterobeltiosis) proved a useful tool to check the superiority and inferiority of progenies 
over their parents. Cluster analysis of the parent cultivars and progenies was useful to 
develop realation on the basis of similarity index among parent and hybrid progenies.  
Hybrid identification and genetic diversity studies among parents and progenies 
evaluated by SSR markers also confirmed the contribution of both parents for the 
development of F1 hybrids. For genetic diversity study SSR loci proved very effective to 
amplify across parent cultivars, hybrids and to assess their polymorphic contents. Ten of 
the SSR primers exhibited similar sequence with known gene. Estimates of genetic 
diversity varied remarkably among loci. Observed heterozygosity (Ho) based on Nei’s 
estimation revealed that the locus H10, CL9 and RW54 contributed equally for 
generating more variation and scored maximum number of alleles for respective locus. 
Allele fixation trends were also observed for different loci and individual groups. Total 
gene diversity (Ht) was calculated and mean for all loci was 0.852 while the average gene 
diversity (Hs) for all loci was calculated as 0.768. It was clear from the dendrogram that 
parent cultivars compiled themselves into four main groups. Little differences were 
observed within the groups of parent cultivars. Confirmation of hybrids was done by 
comparing the common alleles between parent and hybrid against all primers. More over 
phenatic relationship was developed among hybrid progenies and parents to confirm the 
extent of contribution of each parent for genetic makeup of hybrid. All other hybrids 
were identified in the same method. It is concluded from the present study that hybrid 
cultivars have varying level of fertility and it is necessary to evaluated them in search of 
vigorous pollen donor parent. It is concluded from the result that diallel was not possible 
as most of the crosses failed. However ANOVA, comparison of means and Cluster 
analysis aided by SSR fulfilled the objective. Hybrid progenies exhibited vigor over 
parents for some traits but for other traits they remained uneffective in the climate of 
Faisalabad city. SSR markers proved helpful tool for confirmation of F1 hybrids and 
discriminating the parent cultivars and progenies.  
 



 1

Chapter-1 

                                                                          INTRODUCTION  

 

Among most of the flowering plants roses has got supreme importance over all others as it is 

the ultimate romantic image and the wonderful symbol of life and love. Due to diversity of 

colors and adaptability to different geographical regions roses affects our lives in several 

ways. It has been admired for its beauty and fragrance since its first cultivation 5000 years 

ago by ancient civilizations of China, Western Asia and Northern Africa (Gudin, 2000). They 

have contributed to social, spiritual, religious and cultural values of mankind hence they are 

called the “Index of Civilization”. Roses have remained the companion of man in wars and 

peace, happiness and sadness. It has been also used throughout the ages to symbolize youth, 

love, romance, sexuality, purity and perfect beauty. A true symbol of the human conditions, 

it is no wonder the rose has played such an important role in human life as the rose has long 

been the source of inspiration; poems and songs lyrics extols its virtues, and artists depict it 

rich sensuality on canvas. 

Roses are very economically cultivated plants and belong to the top five ornamentals 

worldwide. In most developed countries sales due to ornamental plant production exceed 

those for vegetables and fruits. Worldwide production values for flowers and pot plants were 

estimated to be about 24 billion EUR per year, based on values from 1995 to 2007 

(Heinrichs, 2008). In 2007, roses accounted for about 20% (723 million EUR) of all 

ornamentals exported from the EU into other countries. Imports of roses into the EU in 2001 

had a value of 447 million Euros. About 31% of all cut flowers traded at the European 

auctions were cut-roses with a total value of about 858 million EUR (Heinrichs, 2008).  

The Rosa genus belongs to family Rosaceae which comprises over 100 genera (table 

2.1) and 3,000 species and is the third most economically important plant family in temperate 

regions (Dirlewanger et al., 2002). The English word rose derived from Latin and Old 

French. Latin word Rosa may be an Etruscan form of Greek Rhodia, “Rhodian, originating 

from Rhodes.” Fossil record shows that Rosaceae is cogent with ancient dicotyledons 

(Heywood, 2007; Hummer and Janick, 2009). Turonian fossils from 90 million years before 

the present (mybp) are attributed to this family (Crepet et al., 2004). Wikstrom et al. (2001) 

described that the stem rosaceous group dates to ca. 76 mybp, and crown group divergence 
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(Rosoideae not included) from 47 to 46 mybp. Rosaceous physiological structure and 

anthecology also suggest that it is primitive. Hutchinson (1964) argued that Rosaceae is an 

offshoot of the ancient woody magnolias. Rose family distribution is cosmopolitan (Judd et 

al., 1999) to sub cosmopolitan, but is diversified, particularly in the Northern hemisphere. 

The herbaceous species grow in temperate forests as understory plants, in salt or freshwater 

marshes, in arctic tundra, in old fields, and along roadsides. Woody members are pioneer 

species, and are prominent in the early stages of forest succession. Rosaceous trees may also 

be minor components of mature mixed deciduous forests. The Rosaceous tree genera, 

including Malus, Pyrus, and Prunus, are predominantly grown for their fruit and originated in 

Asia west to the Caucasus (Vavilov, 1951). The early Malus and Pyrus lineages gave rise to 

the cultivated apple (Malus × domestica), considered to be an ancient allopolyploid, with 

domesticated European and Asian pears representing multiple species. The fruit-producing 

Prunus also diverged into multiple species. Plums hold the central position within this genus, 

with numerous species having originated in Europe, Asia, China, and North America (Smartt 

and Simmonds, 1995). The cherry subgenera evolved in Asia Minor, particularly Iran, Iraq, 

and Syria (Vavilov, 1951), whereas both peach and apricot have a Chinese center of origin. 

Pots recovered from cave dwellings in Europe contained cherry pits dated from 5,000 to 

4,000 B.C. (Marshall, 1954).  The Rosaceae include many well known and beloved species 

of economic importance particularly edible temperate zone fruits (Janick, 2005) and 

ornamentals, but also some timber crops and medicinals or neutriceuticals. Some of the 

important taxa of the Rosaceae are presented in table 2.2 along woth their origion and 

domestication.  

Among all the genra of family Rosacae, Genus Rosa is very important group 

appreciated by ornamental, cut flowerer and perfume industry which have been observed and 

cultivated for thousands of years. The earlist fossil record of rose was found in Alaska and 

dates back to the Paleocene epoch which ended some 58 million years ago. Roses were widly 

found in Oligocene epoch era, some 34 million years ago in the western USA, Europe and 

Asia.The genus Rosa is endemic to the temperate region of the northern hemisphere, 

including North America, Europe, Asia  and the middle east with the greatest diversity of 

species found in western China (Phllips and Rix, 1998; Ertter, 2001). It is also distributed in 

the warmer area such as New Mexico, Iraq, Ethiopia, Bengal and southern China (Nybom et 
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al., 2005). They were frequently mentioned in records from the Middle East some 2000 to 

3000 years ago and were cultivated extensively during the Roman era. The earliest records 

come from the Mediterranean area where the names Syria and Rhodes both translate to 

‘rose’. The oldest cultivated garden rose was R x richardii, which was grown and depicted in 

art work by the Minoan civilization in Crete over 3500 years ago (Mann, 2002).  The 

Romans grew roses in hothouses to make roses bloom out of season.  The poet Martial (ca. 

A.D. 40-102) made reference to the high price of roses in winter and reported that the 

Egyptians grew roses (a cross between R. gallica and R. moschata) and transported them to 

Rome to maintain the winter supply (Sinclair and Thodey, 1997).  Following the demise of 

the Roman Empire, roses were maintained in monasteries for their reputed medicinal value.  

By the eighteenth century five broad rose classes had emerged, Gallica (R. galllica), Alba (R. 

alba), Damask (R. damascenca), Centifolia (R. centifolia), and Moss rose (R. centifolia 

moscosa).  These five classes shared a number of features such as double flower, fragrance, 

muted flower colours, frost hardiness and resistance to black spot and rust, spring flowering 

and were susceptible to mildew in some climates.   As a group they are referred to as the Old 

European roses.   

During the later part of the eighteenth century, the Old European roses were crossed 

with four roses from the China group (R. chinensis x R. gigantia) (see figure 2.4) The China 

group had distinct features which appealed rose breeders such as bright distinct colours, 

glossy foliage, a light branching habit and most importantly, they flowered constantly.  The 

crossing of the China roses with the Old European roses gave rise to a number of new classes 

of roses.  Breeding during the second half of the nineteenth century developed roses that 

flowered twice or perhaps three times in a season, were more compact and hardier than the 

China roses.  This class was known as the Hybrid Perpetuals.  Another class, the Tea roses, 

had also been developed, which had desirable floral characters and fragrance, but lacked frost 

hardiness.  It was the cross between the Hybrid Perpetuals and the Tea roses that resulted in 

the Hybrid Tea class (Rosa x hybrida).  In the last century, other species (e.g. R foetida, R. 

multiflora, and R. chinesis minima) have been bred into the Hybrid Tea class to generate new 

classes of roses such as Polyantha, Floribunda, and Miniature roses (Ross, 1991). Most 

cultivated varieties of floribunda and hybrid tea and classes are commonly called Rosa x 

hybrida. In botanical point of view Rosa x hybrida is not a species as these roses have been 
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developed through continuous breeding in which large number of species of genus Rosa was 

involved (Phillips and Rix, 1988). Classification of Rosa genus is very difficult and 

confusing as the species are very contrasting and tend to hybridize freely (Zielinski et al., 

2004).  

Ploidy level of ose species range from diploid (2n=2x=14) to octoploid (2n=8x=56) 

with most being diploid (Cairns, 2000) (see table 2.4). The majority of species have been 

documented at only a single ploidy level (2n=2x), while a few form polyploid series (Cairns, 

2000). Rosa acicularis, for example, can be found from the diploid (2n=2x) to octoploid 

(2n=2x, 4x, 6x, 8x) level with increasing ploidy levels at higher latitudes (Krussmann, 1981). 

Aneuploidy, incomplete sets of chromosomes, is rare in roses, as is the presence of 

supernumerary or B chromosomes (Erlanson, 1933; Lata, 1982; Rowley, 1961; Shahare and 

Shastry, 1963). Most modern classes of roses are tetraploid and many breeders choose to 

work exclusively with elite germplasm at the tetraploid level (Krussmann, 1981). Some older 

horticultural classes of roses are primarily diploid such as hybrid Chinas and hybrid 

multifloras. Crosses between diploid and tetraploid roses result primarily in triploid progeny. 

Triploids generally have reduced fertility and can become a bottleneck for the development 

of additional generations (Rowley, 1960).  

The modern cultivars of Rosa x hybrida are triploid or tetraploid (Rout et al., 1999). 

There are chances of unfruitfulness due to not production of viable seed. The classical 

breeding emphasize on the improvement of different features to boost up ornamental 

characteristics like size, form and keeping quality of bloom and response of plant to 

environment. About 20,000 cultivars of Rosa hybrida have been developed by the process of 

selection and hybridization among different species. The urge of man to get recurrent 

blooming, high centered bud and flower having many petals, multi colours, long stem length, 

thornlessness and disease resistance was fulfilled by the breeders by developing hybrid tea 

roses and floribundas (Lammerts, 1945b). Efforts were made to develop yellow colour in 

hybrid tea by crossing with R. foetida and between Hybrid Tea and R. wichuraiana to 

develop black spot resistant varieties. Success was achieved to introduce these characters into 

new cultivars (Phillips and Rix, 1988). 

Roses are propagated through two principal methods i.e sexual and asexual. Sexual 

propagation envolves the mating of two genotypes with contrasting characters but their 
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hybridization success depnds on various factors (barriers) including heterozygosity, ploidy 

level, male sterility, incompatibility and complexities in seed germination. (see cection 

2.6.1). A sexual propagation evolves the increase of plants through ordinary cell division and 

differentiation. In this way the characters of species and commercial cultivars are maintained 

in the offsprings. Through asexual methods roses are mostly propagated by budding of the 

desired cultivars on the particular root stock. With the development of social set up of the 

human, the demand has enforced man to induce the changes in flora and fauna of the world 

to fulfill requirements of their social life. Man always needs change because diversity is pre-

requisite to sustain the environment of the universe. Same is the case with the roses as there 

is diversity in demand by the consumers. Floriculture industry is totally dependent on the 

introduction of new germplam with improved characters.  These advancements are the sum 

of the efforts of legend plant breeders who introduced new horizons of improvement. It is the 

result of the continuous struggle by amateur, commercial breeders and scientists that are able 

now to feel and fulfill the taste of consumers. But again it will be not worthless to say that 

there are always chances of improvement. These improvements in the existing rose 

germplasm are manipulated by conventional breeding, mutation and biotechnology 

emphasizing on important traits of interest include flower color, double flower form, 

recurrent blooming, prickles, petiole prickles, powdery mildew resistance, black spot 

resistance, male sterility, moss character, and dwarf growth habit (Shupert et al., 2007). 

Growth and yield potential of roses is greately affected by the variataions in the 

envrironemt as proved by various researchers. A moderate temperature ranging from 15 °C to 

28 °C with humid conditions is suitable for the growth and flower production. If the 

temperature is less than 15 °C then there is production of malformed flowers followed by 

blind shoot and poor flower color in hybrid tea cultivars (Moe, 1988). During low 

temperature “bullheads” flowers are produced characterized by flat-topped appearance 

instead of pointing tips (Chimonidou, 2003). Similarly, if the roses are grown under low 

temperature dark colored flowers are produced (Moe and Kristofferson, 1969: Moe, 1988). 

There is tendency in increased growth if the temperature rises above 12 oC; hence it leads to 

increased number of flowers and flushes. If the temperatures beyond 21 oC flowers stem may 

become weak and shortened. Small sizes flowers are produced with fainted and pale yellow 

coloration (Moe and Kristofferson, 1969; Moe; 1988). Light is another important factor that 
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affects growth and development of roses. Generally roses are considered to have more light 

needs. Intensities ranging from 12015 mol/m2 per day is required for optimal production 

(Blom and Tsujita, 2003). There is positive correlation between flower production and light 

intensity (Post and Howland, 1946). Low light intensities in combination with low 

temperatures lead to the formation of blind shoots (Moe and Kristofferson, 1969; Moe, 

1988). If there is low light there will be less accumulated nitrogen in summer growth. Water 

is the limiting factor for the growth and development of plants. There are certain adaptive 

mechanisms including osmoregulation, turgor adjustment and changes in water partitioning 

between the apoplast and symplasm in rose plant. The ability of the rose plant to acclimatize 

under stress conditions by maintaining high water contents in cells is due to three adaptive 

mechanisms. Water deficiency may lead to the abortion of hips by the formation of 

abscission layer at the junction of flower stalk (peduncle) and stem. Internal water deficiency 

will be less for wilted plants in case of maintaining high humidity (Yadav et al., 1989). 

Leaves, stems and flowrs will be longer and larger if the loss of water from the plant would 

be less as water plays important role in cell enlargement and enlargement (Laurie et al., 

1958). Effeciency of applied sprays is affected by environmental factors especially 

temperature and relative humidity (Crafts  et al., 1958; Smith et al., 1959. Chlor et al. (1963) 

reported that low humidities block the entry of 2, 4-D, amino triazole and some other leaf 

sprays. Humid environment leads to the prevalence of bacterial and fungal diseases. 

Humidity is related to the rose plant internal water contents. Browning of edges of leaves and 

leaflet may occur at low humidity. Water borne diseases are highly occurred in more humid 

environment as disease spores are easily by cuticle of leaves surfaces. Water transportation is 

reduced through damaged flowers and hence emits ethylene (Bhattacharjee and De, 2005). 

High relative humadity is favourable for the mildew diseases. The growth and development 

of roses is affected by the attack of various diseases. Rose diseases caused by fungal 

pathogen are powdery mildew, downy mildew, black spot and fusarium rot. The most 

important bacterial disease caused by Agrobacterium tumefaciens is bacterial wilt (Phillips 

and Rix, 1988; Mann, 2002). 

Hybrid Tea and Floribunda roses are highly susceptible to the black spot pathogen 

(Reddy et al., 1992; Drewes-Alvarez, 2003). This disease reduces the ornamental values and 

yield of roses both for commercial and for landscaping. Black spot infections make the roses 
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less aesthetic, later on it leads to yellowing and defoliation. The pathogen may cause 

dropping of leaves and weaken the plants (Drewes-Alvarez, 2003) and even death of the 

plants occurs in sever attack. Natural occurring wild species have resistance to the black spot 

but they are not desirable for commercial propagation because they lack the desired aesthetic 

characteristics (Reddy et al., 1992). Rose breeders in the world are now trying to introduce 

the resistance found in wild species into modern cultivars by various means like interspecific 

crosses and genetic engineering. Resistance gene against powder mildew has been introduced 

into Rosa x hybrida cv. Carefree Beauty. This GM cultivar with anti microbial protein gene 

shows great resistance to powdery mildew (Xiangqian et al., 2003). Another fungal disease 

of roses is powdery mildew (C/o:Sphaerotheca pannosa). In this disease very small blisters 

appear on the leaves which turn into the visible powdery deposits on the leaves, branches and 

hips. This disease occurs in spring and fall. It becomes sever when the days are dry warm 

followed by cool nights (Phillips and Rix, 1988; Mann, 2002). Other common diseases of 

roses include Rust, Anthracnose, Honey fungus, Crown gall and rose wilt viruses (Mann, 

2002; Phillips and Rix, 1988).  

 Aiming to improve the genetic of existing rose germplasm for there suitability with 

changing environment and demand breeders develop new varieties. The creation of new 

cultivars of ornamental plants is a fascinating subject. In the case of genus Rosa the pleasure 

is increased many times by virtue of the nature of the subject. Rose breeding is now done on 

large scale and involves the raising of thousands of seedlings in different countries of the 

world. Every rose breeder has certain more or less definite ideas towards his/her breeding 

efforts are directed. Some of these objectives are shared by all rosarians, while other 

expresses the individuality of the breeder e. g vigor of the plant, colour and shape of the 

flower and bud, ever blooming, fragrance, strong neck and long cutting stem, the foliage, 

frost hardiness and heat tolerance. It is impossible to develop an ideal cultivar which meets 

all the criteria. Any cultivar which is a step towards perfection is worthy of introduction 

(Lammerts, 1945b). 

Heterosis or hybrid vigor is the better performance of F1 hybrids over both parents 

and one of the parents for growth, yield and other traits of interest.  Previously a lot of work 

has been done for intervarietal heterosis studies in the cultivars of agronomical crops 

including rapeseed (Radoev et al., 2008), rice (Rahimi et al., 2010), Jetropha (Islam et al., 
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2011), wheat (Patil et al., 2011), egg plant (Sousa and Maluf, 1998), chickpea (Singh et al., 

2000) but less attention was paid in the heterosis studies in the genra of family rosaceae 

especially in roses. Few expamles of intervarietal heteoris in the genus of Rosaease are 

exhibited in strawberry (Noguchi et al., 2009) and peaches (Bin-bin et al., 2011) and 

hybridization in roses for the genetic analysis of vigor and powdery milder analysis (Yan, 

2005) and the study of the inheritance of the traits and gene action (Shupert, 2005), genetic 

analysis of horticulturally important morphological and physiological characters in diploid 

roses (Debener, 1999). Possible causes of few heterosis studies in genus Rosa is the highly 

heterozygous nature of the parent due to continous out breeding leading the development of 

the modern cultivars as predicted from the development history. Because of out breeding 

highly heterozygous genotype of traits has been pooled up together hence it will not be 

worthful to get pure lines as segregation of genes for the traits of interest may take place. 

Worldwide, new varieties of roses are obtained by crossing existing varieties as a parent for 

desireable trait which are further progated vegetatively but no documented clear reports were 

published on the magnitude of hybrid vigor of the progenies calculated by the process of 

heterosis.  In the presente study, getting inspiration from the worlk of above mentioned 

researchers who worked on the cultivars of agronomic and horticultural crops, effort was 

made to streamline the procedure and magnitude of heterosis in the cultivars of the modern 

roses. According to Zlesak (2006) sexual hybrids are possible among most rose species and 

horticultural rose classes, although various symptoms of hybrid breakdown and incongruity 

routinely occur.   For instance, Svejda (1974) reported low fertility (only 25 out of 3,562 

seedlings were female-fertile) and reciprocal differences in interspecific crosses between 

diploid hybrid rugosa and hybrid china cultivars (Svejda, 1976). Other common symptoms of 

hybrid breakdown include early embryo abortion, poor seed germination, albinism, greater 

than two cotyledons, weak growth, chlorosis, dwarfism, and distorted leaves/blooms. Earlier 

rose breeding was performed by hobbiest and now a days commercial companies. According 

to Gudin, (2000) about 25-30 highly competitive international companies and many amateur 

breeders are involved in the development of new rose cultivars.  

Now a day, rose breeding is mainly performed through conventional cross breeding 

supported by technologies such as mutation induction, embryo rescue, ploidy level 

manipulation, gene transformation and molecular markers. In breeding programmes, different 
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breeding goals, breeding strategies and gene pools are used to develop cultivars for specific 

uses (Gudin, 2000), for example for cut roses (Chaanin, 2003), pot roses (De Vries, 2003), 

scent roses (Verhoeven et al., 2003), garden roses and rootstocks. With the advancement in 

technology, it is now possible to investigate special traits at molecular level. The advent of 

molecular markers made it possible to detect specific genes or chromosome regions 

controlling important traits. This helps to understand the structural organization and function 

of the genes, and provides information for marker-assistant selection in rose breeding. A 

variety of molecular markers are available in roses: RFLPs (Restriction Fragment Length 

Polymorphisms), RAPDs (Randomly Amplified Polymorphic DNAs), AFLPs (Amplified 

Fragment Length Polymorphisms), SSRs (Simple Sequence Repeat or Microsatellites) and 

SCARs (Sequence Characterized Amplified Regions) (Rajapakse, 2003). Hybridization of 

genetically different plants is followed for hybrid variety development and molecular marker 

techniques are often used for hybrid identification (Wolff et al., 1994). During the past 

several years markers like RFLP have been used in other crops. However, RFLP is costly and 

labor intensive. The major advantage of this approach lies in exploration of large genomic 

portions without prior sequence information and requires small quantity of DNA. RAPD 

markers have been utilized by various workers for identification of hybrids in 

Chrysanthemum (Huang et al., 2000), barley (Hoffman et al., 2003), Chilli (Mongkolporn et 

al., 2004), cotton (Mehetre et al., 2004) black pepper (George et al., 2005). In case of rose, 

RAPD markers have been successfully used for the identification of interspecific hybrids of 

R. dumalis and R. rubiginosa (Werlemark, 2000). Microsatellite markers are also markers of 

choice (Esselink et al., 2003) because they are abundant, uniformly distributed, highly 

polymorphic, codominant, rapidly produced by PCR and easily accessed through published 

primer sequences (Gupta and Varshney, 2000). Microsatellite markers have been used in 

identifying hybrids between red and cultivated rice (Gealy et al., 2002). 
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Need for the Project: 

Rose is the queen of flowers appreciated by all nations in the world. In Pakistan, roses 

are used in various social occasions as cut flower, fresh petals, to make garlands and in the 

gardens. Agro climatic conditions are very harsh as the temperature in June-July exceeds to 

45 °C and annual rainfall is 508 mm. The quality production of roses in the field as well as in 

the gardens is only obtained in the month of February, March and April but in other months 

average performance of the rose bushes is is badly affected. One of the mian causes of the 

poor performance of the rose bushes is the introduction of exotic cultivars from other 

countries. Keeping in view the importance of this issue the present project was design. As it 

is the first study about rose breeding in the country to streamline the procedure and 

complexicities envolved in the breeding of roses. Moreover, the consideration of the 

available resources and rose germplams potentially to be used in breeding was on periority 

basis. As mentioned already that vigorous and hip producing cultivars were used for  

crossing  as getting pure lines in woody plants is time consuming and laborious. Moreover, 

history tells that all hybrid cultivars are developed from existing rose cultivars or few with 

cultivars and species to introduce desirable characters in the progenies (Zlesak, 2006). 

However the magnitude of the traits to be transferred in the F1 progenies needs to be tested. 

So estimation of mid parent and better parent heterosis seemed as a reasonable approach to 

quantify the magnitude of characters to transfered in the progenies. The objectives of the 

present study were:  

i. To estimate the magnitude of the heterosis in F1 progenies of cultivars for various 

growth and yield.  

ii. To develop new lines by crossing selecected material to accalamitized in local 

condition. 

iii. To check similarities and differences among the progenies and parents at the genomic 

level by SSR analysis. 
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Chapter-2 

                                                         REVIEW OF LITERATURE 

2.1 Rosaceae: Morphology, distribution, domestication and genetics 

The Rosaceae is the 19th largest family of plants (APW, 2007). It includes from 95 to more 

than 100 genera and 2830−3100 species (Judd et al., 1999; Mabberley, 1987). Rosaceae 

includes herbs, shrubs, or trees, which are sometimes rhizomatous, climbing, or thorny. Plant 

hairs are simple or stellate, and can be present with prickles. Leaves are usually alternate, and 

are simple to palmately or pinnately compound. Stipules are usually present and flowers are 

often showy, bisexual or infrequently unisexual. The hypanthium ranges from flat to 

cupshaped or cylindrical and either free from or adnate to the carpels, often enlarging in fruit. 

Sepals are usually pentamerous, sometimes alternating with epicalyx lobes. Petals are usually 

pentamerous, while stamens are usually 15 or more, sometimes 10 or fewer. Filaments are 

distinct or basally fused to the nectar disk. Pollen grains are tricolpate. Carpels are 1 to many, 

and are distinct or connate, though sometimes adnate to the hypanthium. The ovary varies 

from superior to inferior depending on the genus. The styles are present in the same number 

as carpels. The fruit can be a follicle, achene, pome, drupe, aggregate or accessory with 

drupelets or achenes, or rarely a capsule. Endosperm is usually absent from the seed. The 

occurrence of numerous stamens and the absence of endosperm have been key structural 

apomorphies for systematic classification. The ICBN accepted genera for the family are 

listed (Table 2.1). Genetic analysis has been performed to examine phylogenies for the 

family, individual subfamilies, tribes, and the larger genera. Dickinson et al. (2002) has 

produced a parsimonious tree derived from the cladistic analysis of 125 combined 

morphological and molecular characters from members of the Rosaceae (Fig. 1) and added 

several genera to Maloideae. Spiraeoideae, no longer monophyletic, is split by 

Amygdaloideae (Prunoideae). The Rosoideae have been subdivided into individual tribes. 

Thus, Dickinson et al. (2002) recircumscribes Maloideae and Rosoideae, the two largest 

subfamilies. They rejected Amygdaloideae and Spiraeoideae, neither of which proved to be 

monophyletic. Lastly, they redefined old tribes and suggested new ones.  
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Table 2.1: International code of botanical nomenclature (ICBN) accepted genus names    
within Rosaceae 
Acaena Mutis ex L.                                                        Osteomeles Lindl. 
Adenostoma Hook. & Arn.                                              Pentactina Nakai 
Agrimonia L.                                                                   Peraphyllum Nutt. 60 
Alchemilla L.                                                                  Petrophytum (Nutt. ex Torr. & A. Gray) Rydb. 
Amelanchier Medik.                                                        Photinia Lindl. 
Aphanes L.,                                                                      Physocarpus (Cambess.) Raf., nom. cons. 
Aremonia Neck. Ex Nestl., nom. cons.                            Polylepis Ruiz & Pav. 
Aria (Pers.) Host, Aronia Medik., nom. cons.                  Potaninia Maxim. 
Aruncus L.                                                                        Potentilla L. 
Bencomia Webb & Berthel.                                              Prinsepia Royle 
Brachycaulos R. D. Dixit & Panigrahi                             Prunus L. 
Cercocarpus Kunth                                                          Pseudocydonia, C. K. Schneid. 
Chaenomeles Lindl., nom. cons.                                       Purshia DC. ex Poir. 70 
Chamaebatia Benth.                                                          Pyracantha M. Roem. 
Chamaebatiaria (Porter ex W. H. Brewer & 
S. Watson) Maxim.                                                            Pyrus L. 
Chamaemeles Lindl.                                                           Quillaja Molina 
Chamaemespilus Medik.                                                   Rhaphiolepis Lindl., nom. cons. 
Chamaerhodos Bunge                                                        Rhodotypos Siebold & Zucc. 
Cliffortia L.                                                                        Rosa L., nom. cons. prop. 
Coleogyne Torr.                                                                 Rubus L., nom. cons. prop. 
Coluria R. Br.                                                                     Sanguisorba L.                         
Cormus Spach                                                                    Sarcopoterium Spach 
Cotoneaster Medik.                                                            Sibbaldia L. 
Cowania D. Don                                                            Petrophytum (Nutt. ex Torr. & A. Gray) Rydb. 
Crataegus L.                                                                       Photinia Lindl. 
Cydonia Mill.                                                                     Physocarpus (Cambess.) Raf., nom. cons. 
Dalibarda L.                                                                       Polylepis Ruiz & Pav. 
Dichotomanthes Kurz                                                         Potaninia Maxim. 
Docynia Decne.                                                                   Potentilla L. 
Docyniopsis (C. K. Schneid.) Koidz.                                  Prinsepia Royle 
Dryas L.                                                                              Prunus L. 
Duchesnea Sm.                                                              Pseudocydonia (C. K. Schneid.) C. K. Schneid. 
Eriobotrya Lindl.                                                                Purshia DC. ex Poir. 
Eriolobus (DC.) M. Roem.                                                 Pyracantha M. Roem. 
Exochorda Lindl.                                                               Pyrus L. 
Fallugia Endl.                                                                     Quillaja Molina 
Filipendula Mill.                                                                Rhaphiolepis Lindl., nom. cons. 
Fragaria L.                                                                         Rhodotypos Siebold & Zucc. 
Geum L.                                                                              Rosa L., nom. cons. prop. 
Gillenia Moench                                                                 Rubus L., nom. Cons. prop. 
Guamatela Donn. Sm.                                                         Sanguisorba L. 
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Table 2.1 (continued) 
Hagenia J. F. Gmel.                                                          Sarcopoterium Spach 
Hesperomeles Lindl.                                                         Sibbaldia L. 
Heteromeles M. Roem.                                                     Sibiraea Maxim. 
Holodiscus (K. Koch)                                                       Maxim., nom. cons. Sieversia Willd. 
Horkelia Cham. & Schltdl.                                               Sorbaria (Ser. ex DC.) A. Braun, nom. cons. 
Horkeliella (Rydb.) Rydb.                                             Sorbus L. 
Ivesia Torr. & A. Gray                                                   Spenceria Trimen 
Kageneckia Ruiz & Pav.                                                Spiraea L. 
Kelseya (S. Watson) Rydb.                                            Spiraeanthus (Fisch. & C. A. Mey.) Maxim. 
Kerria DC.                                                                     Stephanandra Siebold & Zucc. 
Leucosidea Eckl. & Zeyh.                                             Taihangia T. T. Yu & C. L. Li 
Lindleya Kunth, nom. cons.                                           Tetraglochin Poepp. 
Luetkea Bong.                                                                Torminalis Medik., 
Neviusia A. Gray                                                           Vauquelinia Corrˆea ex Bonpl. 
Oemleria Rchb.                                                             Waldsteinia Willd. 
Orthurus Juz.                                                                 Xerospiraea Henr. 
(Hummer and Janick, 2009) 
 

Not only does this study offer insights on monophyly and relationship between the groups, 

but it can be interpreted to provide commentary concerning the origin of subfamilies. The 

traditional hypothesis suggests that the origin of the Maloideae (Pomoideae) occurred in an 

ancient polyploidization event, because the maloid base chromosome number is x = 17, 

whereas other Rosaceae are x = 7, 8, or 9. For the hybridization, Challice (1974; 1981) 

suggested that the Maloideae were created by an allotetraploidization event following an 

ancient hybridization between Amygdaloideae (x = 8) and “Spiraeoideae” (x = 9) ancestors. 

A second theory suggests an allo- or auto-polyploidization event occurred solely within the 

“Spiraeoideae.” If the Maloideae originated within the “Spiraoideae,” then the fleshy “pome” 

fruit, e.g., apple, must have been derived from the expansion of the hypanthium (floral cup). 

Incorporation of the ovaries by the enlarged hypanthium resulted in the inferior ovaries 

present in the majority of Maloideae genera (Dickinson, 2007). Molecular analysis is 

continuing and has not yet eliminated the possibility of an allotetraploidization event. The 

uniting of formerly “Spiraeoid” genera to the Maloideae, however, gives credence to the 

solely “Spiraeoid” event hypothesis. Although definition of the four major rosaceous 

subfamilies may be collapsing from a taxonomic view, these grouping still have great utility 

from an economic and horticultural standpoint. The ultimate decision on subfamilies may 

depend on future development in genomics, the subject of this volume. 
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Fig. 1: Parsimonious tree derived from the cladistic analysis of 125 combined characters (61 
non-molecular + 64 from molecular tree branches (ndhF, rbcL, nrITS). Adapted from: 
Dickinson et al. (2002). The colors represent traditional subfamilies (red = maloideae; blue = 
spiraeoideae; green = amygdaloideae; pink = rosoideae). Ceanothus and Rhamnus are 
outgroup taxa. The classification to tribes are as proposed by Takhtajan (1997): 
(Adenostomateae, Amygdaleae, Cercocarpeae, Dryadeae, Exochordeae, Geeae, Crataegeae, 
Gillenieae, Holodisceae, Kageneckieae, Kerrieae, Lindleyieae, Maleae, Neillieae, 
Osmaronieae, Potentilleae, Prinsepieae, Purshieae, Sorbarieae, Spiraeeae). Colored names 
outside of brackets correspond to traditional subfamilies, black names to subfamilies 
proposed by Takhtajan (1997). 
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The Rosaceae include many well known and beloved species of economic importance 

particularly edible temperate zone fruits (Janick, 2005) and ornamentals, but also some 

timber crops and medicinals or neutriceuticals. Some economically important taxa of the 

Rosaceae are summarized in the table 2.2. 

Advances in Rosaceaous genomics and synteny will provide new ways to obtain 

genetic improvement within economically important rosaceous species. Genes that control 

fruit quality including flavor and texture are of immediate interest. The development of 

saturated maps with codominant and transferable markers within Prunus, Malus, and 

Fragaria will foster genetic research and should lead to immediate practical results through 

marker-assisted selection. Identification of genes producing desirable quality traits within the 

family could provide a means of crop improvement by shifting genes within the family. For 

example, the genes for hardiness in Malus might be transferred to Prunus while resistance 

genes for black spot caused by Diplocarpon rosae in apple could be transferred to rose.We 

suggest that the transfer of genes within the Rosaceae, if properly explained, will be less 

likely to engender consumer resistance to genetic transgenesis, than would the movement of 

genes from more phenologically disparate plants. 
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Table 2.2:  Some economically important species of Rosaceae by subfamily 
Subfamily                  Genus        Species           Common name         Origin and Domestication              Source (s) 
Amygyloideae             Prunus       armeniaca        Apricot                     Asia (China), central Asia                Hummer and Janick, 2009, Janick, 2005 
                                                       Avium               Sweet cherry            Central Europe, Central Russia         Janick, 2005                                                               
                                                       cerasus             Tart (sour) cherry    Central Europe, Central Russia         Janick, 2005 
                                                       domestica         European plum        Central & Eastern Asia, Europe        Hummer and Janick, 2009 
                                                       dulcis                Almond                    Asia, Central Asia                            Hummer and janick, 2009 
                                                                                                                 Mediterranean basin                          Janick, 2005 
                                                       mume                Mume                      Eastern Asia                                      Faust et al., 1998, Janick, 2005 
                                                       persica              Peach                       Middle East (Persia)                         Janick, 2005 
                                                       serotina             Black cherry           Europe, America                                Hummer and janick, 2009 
                                                                                                                  Iran, Iraq, Syria                                Vavilov, 1951 
Maloideae              Amelanchier     alnifolia           Saskatoon,             Asia, Europe and North America      St-Pierre, 2005 
                                                                                  Serviceberry; 
                                                                                  shadbush 
                                Aronia             melanocarpa    Black chokeberry  America, Europe                                Hummer and Janick, 2009 
                               Chaenomales     japonica          Japanese quince   Central & South Japan                        Hummer and Janick, 2009 
                               Cotoneaster      spp.                   Cotoneaster           Europe, North Africa, China            
                               Crataegus        spp.                    Hawthorn                 China and Europe                           Hummer and Janick, 2009 
                               Cydonia           oblonga             European quince             Southwest Asia                        Hummer and Janick, 2009 
                               Eriobotrya        mespilus           Loquat                             China                                       Hummer and Janick, 2009 
                               Malus             ×domestica         Apple                      Europe, Central & Eastern Asia,     Way et al., 1990; Janick, 2005 
                                                                                                                          North America 
                                                       (M. pumila)                                                 Kazakhstan                             Harris et al., 2002; Forsline, 2003 
                                                      spp.                     Crabapples                Mid East & Europe                        Janick, 2005 
                              Pyrus              calleryana          Callery pear                 Asia                                               Hummer and Janick, 2009 
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Table 2.2 (continued) 
                                                      communis           European pear                    Central Asia, Europe                    Janick, 2005 
                                                      serotina              Japanese pear (nashi)         Eastern Asia                                 Watkins 1995; Bell et al., 1996        
                                                      ussurienses        Chinese pear                       China                                            Wang, 1990 
                            Mespilus           germanica           Medlar                               Eurasia                                          John and Thieret, 1989 
                            Photinia            spp.                     Photinia                              
                            Pyracantha       spp.                     Firethorn                            China, Europe                               Hummer and Janick, 2009 
                            Sorbus              spp.                      Mountain ash, rowan         North America, Europe, Asia       Hummer and Janick, 2009 
Rosoideae           Fragaria          ×ananassa             Strawberry                          Europe, northern Asia,                  Janick, 2005 
                                                                                                                            Northern Africa, N. America 
                            Geum               spp.                      Avens                                 Asia, Africa, America, Newzealand 
                             Kerria              japonica              Kerria  
                            Potentilla         spp.                      Cinquefoil  
                            Rosa                 spp.                      Rose                                   North America, Asia                      Phllips and Rix, 1998; Ertter, 2001 
                                                                                                                            Europe, Middle East.                   
                            Rubus               spp. and 
                                                     hybrids                Blackberry,                        New World                                      Janick, 2005                             
                                                                                 raspberry,                           Europe, Asia, N. America               Janick, 2005                               
                                                                                 hybrid berry                       Europe, N. America                         Janick, 2005 
Spiraeoideae        Spirea              prunifolia            Bridal wreath  
                            Exochorda       racemosa             Exochorda  
                            Physocarpus    opulitolius           Ninebark  
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2.2 Classification of Genus Rosa 
 Roses belong to the group of apple, pear, peaches, and plum and apricot hence they 

are classified under family Rosaceae. There is controversy about the number of species 

existing till now. According to Rehder (1947) the genus Rosa contains about 120 species. 

During the 19th century several thousand Rosa species are mentioned in the literature. Later 

on several similar species were pooled up together to produce world total of 100 to 150 

species with contrasting characters. Still confusion exist regarding species classification but 

according to Allen (1973) some of the species can be justified by increasing knowledge 

arising from detailed field work. Here is the diagrammatic elaboration of Rose classification 

in fig. 2.1.  

         

      Figure 2.1: Diagrammatic elaboration of classification of genus Rosa  

Out of 150 species belonging to different sections and groups only 7-10 contributed in the 

development of modern roses (Gudin, 2000). The widely accepted overview by Wylie (1954) 

mentions following important species: 
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Figure 2.2: Species contributed in the development of modern roses 

Few other species seems to contribute but they are not more prominent and have less 

importance. 

                         Cinnamomea:             R. rugosa, R. cinnamomea 

                          Pimpinellifoliae:        R. pimpinellifolia 

                          Synstylae:                  R. phoenica, R. sempervirens, R. arvensis 

                        Caninae:                  R. rubiginosa 
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2. 3 Reproductive morphology and production of hips and fruit (achene) in roses 

The flower of wild species and modern varieties of roses are solitary, corymbose or panicled 

consisting of 5 to 80 petals (except R. serecea which have 4 petals), many stamens (50-250) 

and many pstils (Wissemann, 2003; Hortorium, 1976).  R. setigera is the only specie that is 

dioecious in nature and contain male and female flower on different bushes (Kemp et al., 

1993). The stylized diagram of a typical flower is given in the figure 2.3. The flowers are 

said supposed to be homozygous when the male stamen (anther + filament) and fenale pistil 

(stigma + style) mature at the same rime and perigynous i.e the sepals, petals and stamens of 

each flower are attached to the margin of the cup shaped receptacle/hypanthium- referred to 

as a hip which envelops many ovaries. Flowers generally have no nectar but produce large 

quantities of pollens (Kevan, 2003).  

     

                         Figure 2.3: Drawing of the typical flower of Rosa spss. 

 

The flower of the modern rose varieties has many more petals than the flowers of wild 

species and show wide variability in reproductive organs. (See table 2.3) 
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Table 2.3: Flower organs count/ range in H. Tea roses  

H. Tea cultivar     Flower 

diameter (cm) 

  Petal  

Number 

  Pistil 

Number 

 Stamen   Number 

Febesa 9 23 146 106 

Moeringa 8-9.3 30-35 80 50 

Dr Bob Harvey 11.5 38-40 150 100 

WEKvoosum 9-12.8 29-41 140 185 

Meimarkiz 8 97 172 57 

KORtiglo 10-12 100-120 50-60 120-140 

Meifakul 11-13 38-40 90 110 

Hadue 11-12 34-36 146-156 165-175 

                                                                                                  (Annonymous, 2009) 

According to Jacob and Ferrero (2003) the shape of the pollen gains of roses is 

elliptical with a contant length to width ratio (2:1). The size of the pollen gains ranges from 

32-65 μm and there is a correlation between pollen size and ploidy level especially for 

diploid and tetraploid plants (Jacob and Pierret, 2000).  

 The fruit (that develops from a fertilized ovary) of the rose plant is an achene (Figure, 

2.3) oftenly called as seeddue to its small size and hard texture. Infact, each achene is 

actually a single seed/fruit unit consisting of an embryo enclosed in thin testa that is fused to 

the fruit by a thick pericarp making an inner fibrous layer and an outer woody layer (Jackson 

and Blundell, 1963). The hip encloses achenes. Mature hips are usually red or yellow but a 

few (e.g R. spinosissima) bear dark purple to black hips (Hortorium, 1976). The size and 

shape of hips varies with in the species and cultivars. The development of the achenes starts 

rapdly 3-4 weeks following fertilization, are completely developed morphologically in a 

further 8 weeks and fully mature 2-4 weeks (Ueda, 2003). 

In rose breeding programs importance of hip production is manyfold to get successful 

crosses.   Within Rosa x hybrida there is little opportunity for successful crosses to occur 

naturally due to low sexual reproduction status (Gudin, 2001) and a tendency for self 

pollination (Bell, 1988). Moreover Gudin (2000) has suggested that hybridization among 

modern cut rose and garden cultivars can result in hip set as low as 25%, with only 4 seed per 
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hip and 18% seeed germination. In certain cases, there is tendency to drop hips before seed 

have matured (Nadeem et al., 2011) or it may be impossible to obtain progeny in 

conventional means (Gudin, 1994).  

In the present study those cultivars selcetd which were naturally producing hips in the 

climate of Faisalabad and were aaccalamatized in local environment as compared to many 

other cultivars. 

 2. 4 Cytogenetics, developmental history and advances in rose breeding 

Chromosome numbers in the genus Rosa are derived as a multiples of seven and range from 

2n=2x =14 to 2n=8x=56 (Darlington and Wylie, 1955). Aneuploids are not common 

(Rowley, 1960). The subgenera, Hulthemia, Platyrhodon and Hesperodos, posses only one 

species each, in which 2n=2x. The fourth subgenus, Eurosa, consists of over 120 species 

grouped into ten sections (Rehder, 1960). In the sections Banksianae, Bracteatae, Indicae, 

Laevigatae and Synstylae 2n=2x, in the Gallicanae 2n=4x, in the Carolinae and 

Pimpinellifoliae 2n=2x and 4x, in the section Caninae 2n= 4x, 5x and 6x, and in the 

Cinnamomeae 2n=2x, 4x, 6x and 8x (Darlington and Wylie, 1955) (table 2.4). Five broad 

classes had been decided by the 18th century including, Gallica (Rosa gallica); Alba (Rosa 

alba); Centifolia (Rosa centifolia); Damask (Rosa damacena) and Moss roses (Rosa 

centofolia moscosa). They were called old European roses and had the characteristics like, 

multi-petalled flowers, frost hardiness and resistance to diseases. It was cross between Rosa 

chinensis and Rosa gigantia to produce Rosa x odorata that is one of the parents of modern 

tea and hybrid tea roses (Squire and Newdick, 1991). Cultivars of R. chinensis Jacq. and R. 

chinensis × gigantean Coll. (section Indicae) with the recessive gene for `recurrent flowering' 

were introduced into Europe approx. 1800 AD. They were crossed with cultivars of short 

flowering season, including R. damascena Mill. (section Gallicanae), and R. moschata 

Herrm. and R. multiflora Thunb. (section Synstylae). Results of these crosses yielded 

Portland, Bourbon, Noisette, Hybrid perpatuals and Tea roses with fragrance and desirable 

blooming characters were introduced during the second half of the nineteenth century 

Modern roses are hardier and compact that possesses the recurrent fowering character 

originated from these early hybrids. Genes from just a few other species, including R. 

wichuraiana CreÂp. (section Synstylae) and R. foetida Herrm. (section Pimpinellifoliae), 

were later introduced by introgressive hybridization (Hurst, 1941; Wylie, 1954). Modern 
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roses are grouped into horticultural classes that include Polyanthas (2n= 2x), Hybrid Teas 

and Floribunda (2n =3x, 4x).  In 1867, a first Hybrid Tea rose cultivar “La France” was 

developed by crossing Hybrid Tea with Hybrid perpetual. Later on cross between Floribunda 

and Hybrid Tea developed new class called Grandiflora. The classes of roses before the 

development of hybrid Tea are called “Old Garden Roses” (Cairns, 2000; Krussmann, 1981).  

 



 24

Table 2.4: Ploidy level of the Rosa species and Modern Classes 

Species Ploidy level  Source (s)  Species Ploidy level  Source (s) 
Diploides 2n=2x=14 Tetraploides 2n=4x=28 
Rosa arvensis = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa arkansana = ♀♀ ♂♂ 4x  MacPhail and Kevan, 2009 
Rosa ayrshire = ♀ ♂ 2x Zlesak, 2006 Rosa carolina = ♀♀ ♂♂ 4x  MacPhail and Kevan, 2009 
Rosa banksiae = ♀ ♂ 2x Zlesak, 2009 Rosa centifolia = ♀♀ ♂♂ 4x  MacPhail and Kevan, 2009 
Rosa blanda = ♀ ♂ 2x Zlesak, 2009 Rosa damascena* = ♀♀ ♂♂ 4x Kiani et al., 2009 
Rosa bracteata = ♀ ♂ 2x Yokova et al., 2000 Rosa davidii = ♀♀ ♂♂ 4x  MacPhail and Kevan, 2009 
Rosa brunonii) = ♀ ♂ 2x Hongying, 2010 Rosa dupontii = ♀♀ ♂♂ 4x Zlesak, 2009 
Rosa chinensis* = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa foetida* = ♀♀ ♂♂ 4x  MacPhail and Kevan, 2009 
Rosa cinnamomea = ♀ ♂ 2x Zlesak, 2009 Rosa gallica* = ♀♀ ♂♂ 4x  MacPhail and Kevan, 2009 
Rosa filipes = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa kordesii = ♀♀ ♂♂ 4x Zlesak, 2009 
Rosa foliolosa = ♀ ♂ 2x Zlesak, 2009 Rosa laxa = ♀♀ ♂♂ 4x Zlesak, 2009 
Rosa hugonis = ♀ ♂ 2x Zlesak, 2009 Rosa lucida = ♀♀ ♂♂ 4x http://www.helpmefind.com 

Rosa laevigata = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa pomifera = ♀♀ ♂♂ 4x Zlesak, 2009 
Rosa moschata* = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa glauca ≠ ♀♀♀ ♂ 4x  MacPhail and Kevan, 2009 
Rosa multiflora* = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa spinosissima = ♀♀ ♂♂ 4x Zlesak, 2009 
Rosa nitida = ♀ ♂ 2x Yokova et al., 2000 Rosa suffulta = ♀♀ ♂♂ 4x Roberts et al., 2008 
Rosa palustris = ♀ ♂ 2x Zlesak, 2009 Rosa virginiana = ♀♀ ♂♂ 4x Zlesak, 2009 
Rosa polyanthas = ♀ ♂ 2x  MacPhail and Kevan, 2009 Pentaploids (35 chromosomes) 2n=5x=35 
Rosa roxburghii = ♀ ♂ 2x Zlesak, 2009 Rosa canina ≠ ♀♀♀ ♂♂ 5x Zlesak, 2009 
Rosa rugosa = ♀ ♂ 2x Yokova et al., 2000 Hexaploid 2n=6x=42 
Rosa setigera = ♀ ♂ 2x Zlesak, 2009 Rosa wilsonii ≠ ♀♀♀♀♀♀ ♂♂ 6x Roberts et al., 2008 
Rosa Synstylae = ♀ ♂ 2x  MacPhail and Kevan, 2009 Rosa alba ≠ ♀♀♀♀♀♀ ♂♂ 6x Roberts et al., 2008 
Rosa wichuraiana* = ♀ ♂ 2x Yokova et al., 2000 Rosa nutkana ≠ ♀♀♀♀♀♀ ♂♂ 6x  MacPhail and Kevan, 2009 
Rosa woodsii = ♀ ♂ 2x Carins, 2000 Complex species  
Rosa xanthina = ♀ ♂ 2x Roberts et al., 2008 Rosa acicularis (14, 28, 42, 56) 2x, 4x, 6x,8x Roberts et al., 2008 
Max Graf = ♀ ♂ 2x MacPhail and Kevan, 2009 Rosa californica (14, 28) 2x, 4x Roberts et al., 2008 
Triploids  2n=3x=21 Rosa canina (Dog Rose)35, 42 5x, 6x Zlesak, 2009 
Hybrid Musks  3x Zlesak, 2009 Rosa chinensis 14, 21, 28) 2x, 3x, 4x MacPhail and Kevan, 2009 
Triploid &Tetraploid 2n=4x=28 Rosa cinnamomea (14, 28) 2x, 4x MacPhail and Kevan, 2009 
Miniatures   =♀♀ ♂♂ 3x,4x Zlesak, 2009 Rosa eglanteria (Sweet Briar; 35,42) 5x, 6x MacPhail and Kevan, 2009 
Floribundas = ♀♀ ♂♂ 3x,4x Zlesak, 2009 Rosa moyesii (28, 42) 4x, 6x Zlesak, 2009 
Hybrid Teas = ♀♀ ♂♂ 3x,4x Zlesak, 2009 Rosa gigantea* (14. 21, 28) 2x, 3x, 4x Yokova et al., 2000 
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Figure 2.4: Development history of modern cultivated roses from starting from 1800 AD (Stewart, 1969; Suzanne and Jacob, 1995)
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Classes from 1867 to date are called Modern Roses as shown in the figure 2.5, 2.6 and 2.7. It 

shows the evolution of Hybrid Tea, Floribunda, Miniature and Pillar roses as developed by 

Genders (1965).  

 

 

          

               Figure 2.5: Developmental background of Hybrid Tea and Floribunda Roses 
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             Figure 2.6: Developmental background of Floribunda Roses 

 

              Figure 2.7: Developmental background of Miniature roses 
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 Modern cultivated roses are the result of continuous interspecific hybridization to 

which about 7 to 10 rose species out of 150 had contributed for morphological and genetic 

traits (Wylie, 1954; Gudin, 2000). Obviously today’s roses have been developed through 

conventional breeding procedures in which hybrid tea and floribunda are much more 

important. These are the product of crosses among thousands cultivars involving double 

hybrid crossing system. A large number of varieties are triploid and tetraploid hence crossing 

among them is not possible due to gametophytic sterility in triploid cultivars. However 

crossing among tetraploid cultivars and between cultivars and species is possible as first 

yellow hybrid tea was developed by crossing among hybrid tea and Rosa foetida, but the 

chances of fertile seedlings are rare (Ross, 1991). Classes of roses developed from 1867 to 

date are presented in the table 2.5. 
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Table 2.5: Horticultural rose classes developed by World Federation of Roses and the 

American Rose Society. 

 

  (Cairns, 2001) 
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Rose is very complex and difficult model for genetic analysis as there are many factors 

which limit the success of hybridization, including heterozygosity, ploidy level, male 

sterility, incompatibility and complexities in seed germination. Most of the crosses among 

cut roses and garden cultivars are failed and there are chances of only 25% hip set, having 

minimum 4 seed per hip in some cases and having seed germination only 18% (Gudin 2000). 

Intraspecific hybridization leads to low sexual reproduction rate (Gudin, 2001) because of 

self pollination trends (Bell, 1998) and very less chances of natural crossing among the Rosa 

hybrids cultivars occur. On the other hand, hybridization among most of the rosa species 

naturally possible. This is one of the reasons that classification of rose is difficult.  Some rose 

species i.e R. banksia is impossible to cross with other (Ross, 1991) contrary to the some 

other species i.e. R. foetida to introduce desirable traits into the hybrid tea roses. There were 

few R. foetida seedlings among the cross between Rosa rugosa and Rosa wichriaiana. Other 

seedlings were sterile but later on the fertile seedlings proved very costly and valuable 

genetic material to introduce new characters and combinations into modern roses (Third, 

1976). Sterile hybrids among the species of section Caninae are possible and are grown in 

UK. 

 In the breeding of new cultivars, there are many factors which influence seed 

production. These include pollen behavior prior to pollination, pollen germination and pollen 

tube growth, stylar and stigmatic compatibility, aneuploidy, polyploidy, apomixes, gametic 

and zygotic lethals, abortion and dehiscence of mature hips. In addition, temperature and 

relative humidity prevailing during pollen maturation, pollen storage and crossing 

environment can affect the success rate (Khan, 1988: Visser et al., 1977). During the growth 

and hip maturation stage, physiological changes also affect fertility (Gudin, 1992: Gudin et 

al., 1991). Vernalized plants show high degree of fertility, better pollen viability, hip and 

seed production (Gudin, 1992). 

 The rose family exhibit gametophytic self incompatibility (Heslop-Harrision and 

Shivanna, 1977). Diploid rose species are cross compatible and show limited degree of self 

fertilization but the polyploidy species show more tendencies towards self fertilization. 

Tetraploid cultivars are prune to higher degree of self fertilization (Morey, 1959), Rajapakase 

et al., 2001; Zlesak, 1998) but some are self incompatible (Lata, 1971) and inter-varietal 

crosses shows good seed set. Among the tetraploid cultivars some are good male and other 
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are good female and few of them are both male and female (Atkiss, 1975). Bockstaele et al. 

(2004) made interspecific crosses between diploid rose species and tetraploid cultivars and 

resulted that crosses produced triploids. Further more by using such triploids as pollen 

parents and tetraploid plants as seed parents relatively high seed set was exhibited. Although 

efficiency was lower, reciprocal crosses with the triploid plant as a seed parent also yielded 

some seedlings. In advance screening of the progeny showed that seedlings obtained after a 

cross between a tetraploid seed parent and a triploid pollen donor are mostly tetraploid. In the 

reciprocal cross, both triploids and tetraploid seedlings were found. Their results indicated 

that triploid rose plants produced both haploid and diploid pollen and egg cells. However, in 

pollen production, the diploid fraction seemed to have a competitive advantage over the 

haploid. 

 The criterion for breeding success is to identify which cultivar is good for male and 

female. The method of Poulsen in 1977 was to identify a plant which was particularly useful 

as either a male or a female parent and to avoid making reciprocal crosses while Kordes 

(1977) when seeking for a special color used a number of mother plants and made a few 

crosses over a wide range to seek for good male and female so breeding of roses appear more 

art than science (Khan, 1988).   In order to get good success of hybridization cross and self 

compatibility relationship are important to understand due to low fertility rates and 

inbreeding trends Shahare and Shastry, 1963; Zlesak, 2006). The process of meiosis and 

pairing of chromosomes may also affect fertility (Jicinska, 1976; Keven, 2003). Most 

botanists agree that there occur in nature many spontaneous hybrids between related rose 

species and it has been found that wild individuals often exhibit a considerable amount of 

aborted pollen. Neither meiotic irregularities nor pollen sterility can be used as a certain 

criterion for hybridity, because the balanced conditions necessary for regularity during 

meiosis may be upset by other agencies besides hybridization. Nevertheless it cannot be 

denied that these phenomena are as Jeffrey (1929) states “outstanding features of the 

reduction division of hybrids”.  The causes of pollen and ovule sterility in plants that sterility 

in itself is a symptom which may be due to one or more of several causal agents. 

Hybridization often, though not invariably, results in a disturbance of the regularity of 

reduction division, and non-conjunction, lagging of chromosomes during meiosis, and 

polyspory appear. There are many reasons why a rose may fail to reproduce its kind.  Not all 
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of them are open to ready examination. The most obvious is a lack of reproductive parts, as 

may be caused by flower doubling. In extreme cases all stamens and styles may be replaced 

by barren green or petaloid organs. A good instance of the suppression of fertility by flower 

doubling is seen in the two triploid Bourbon roses Souvenir de la Malmaison and Souv. de 

St. Anne's. The former has completely double (full) blooms and is incapable of maturing 

fruits. Latter is a mutation from Souv. de la Malmaison identical in appearance save for semi-

double blooms. With its small quota of stamens and styles it can set an occasional fruit.  

Triploidy has played an important rulein the history of the garden roses. Of the 

principal ancestral species, five are diploid with 14 chromosomes (Rosa moschata, chinensis, 

gigantea, multiflora and wichuraiana) and two are tetraploid with 28 (R. gallica and foetida). 

So, triploidy has repeatedly arisen from the crossing of diploid and tetraploid roses in 

gardens. Triploidy, whenever it appears, causes a high degree of sterility in both male and 

female gametes. This is true whether the triploid plants are trivalent in synapsis and have 

arisen from the fusion of a diploid and a tetraploid gamete (Erlanson, 1931). The triploid 

cultivars grown today mostly have reduced fertility, but few are so barren as to debar any 

chance of further hybridization. Season and environment affect the level of fertility. Flower 

doubling can suppress it in an otherwise fertile triploid. The progeny of triploid roses only 

very rarely include triploids, the chromosome level normally falling to diploid or rising to 

tetraploid.  Only the tetraploids have been selected as new garden roses. Aneuploid gametes 

formed from meiotic irregularities are not functional. (Rowley, 1960). A second cause of 

breakdown is open to study by the cytologist, and concerns the chromosome pairing at 

meiosis. With three genomes in place of two, there may be a failure to find pairing partners 

or competition for the same partner. Trivalents, bivalents and univalents result in varying 

proportions according to origin of the triploid (Rehagan, 1959). A high proportion of 

trivalents suggests autotriploidy, as has been found in some of the miniature roses (Para 

Ti and Rosina) by Miss A. P. Wylie These seem to be of relatively pure China rose descent. 

An exhaustive survey of the cytology of rose triploids has been given by Rehagan (1959) and 

Wulif (1954).  
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Female fertility is affected by the factors enumerated above as affecting pollen 

sterility, and further by self-sterility, by apomixis and by purely environmental conditions 

affecting the nourishment of the fruit, such as unsuitable soil (Erlanson, 1931). Many sterile 

megaspores are no doubt eliminated after meiosis among those that normally develop no 

further. If the pollen is highly sterile some normal embryo-sacs may fail to develop owing to 

lack of sufficient functional microspores. The successful production of fertile gametes in 

plants depends upon nicely balanced physiological growth factors arranged in a particular 

manner in the living organism. This balance can be upset by a number of agents, 

environmental, physiological, or hereditary. Hybridity is only one of these agents and its 

effect is conditioned by the compatibility of the parents. Lewis and Basye (1961) studied the 

F1 population of R. setigera × R. brunoni and argued that male sterility is controlled by a 

major gene which is dominant. Hurst (1928) described that either fertile or sterile offspring 

will result from hybridization between diploid rose forms is not borne out by the analysis of 

the pollen in the few F1 hybrids thus far obtained by the writer. There is a wide variation in 

the amount of pollen sterility in most cultures of rose species. Sterile pollen up to 25 percent 

appears to be characteristic of relatively fertile plants in any species and may be due to 

conditions affecting growth and nutrition of the pollen mother cells. It is probable that a wild 

rose plant with over 70 percent of the pollen grains aborted, and which sets little or no fruit, 

is an F1 hybrid. Partially sterile plants and even those showing a relatively high production of 

good pollen may also be hybrids. (Erlanson, 1931). There are also genes responsible for 

sterility, as the “bad pollen inducers” (Erlanson, 1931). A gene of male sterility has been 

introduced from a female clone of dioecious R. setigera into modern rose germplasm (Zlesak 

et al., 2006).  Male sterility considerably vary with in the species, interspecific hybrids, 

hybrids of tetraploid parent and the hybrids of complex species as presented in the table 2.6. 

Five major types of breeding systems have exhibited in genus Rosa for the production 

of the progenies includes agamospermy (seed formation with out fertilization), automatic 

autogamy, facilitated autogamy and geitonogamy (3 types of self pollination) and xenogamy 

(Cross pollination) (see MacPhail and Kevan, 2009). In agamospermy seed formation takes 

place with out the fertilization and is subdivided into Diplospory, Apospory and adventateous 

embryo (Gustafsson, 1946; Richards, 1986), Czapik, 1994).  
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Table 2.6: Percent Sterility in various Rose groups 

Rose Group Species/hybrid Ploidy level Percent sterility 

Wild Species 
(Erlanson, 1931) 

R. blanda Diploid 2.0-57.3 

R. Woodsii Diploid 4.0-62.7 

R. palustris Diploid 0.2-21.75 

Species indet. Triploid 86.0-100 

R. uirginiana; R. Carolina Tetraploid 7.0-51.6 

R. arkansana; R. szi.fifi2rlta Tetraploid 8.0-49.0 

R. californica Tetraploid 19.3-26.0 

R. acicularis Hexaploid 0.0-17.5 

R. subserrdata  Diploid 26.2-31.0 

R. Carolina  Tetraploid 30.0-34.0 

R. relicta  Tetraploi 56.0-77.0 

R. muricdata  Hexaploid 12.5-14.0 

Interspecific 
Hybrids 
(Erlanson, 1931) 

R. Schuettiana xR. acicdarioides Dilpoid Pollen Parent = 10.4 (Mean) 

     F1            = 7.7 (Mean) 

R. subblanda x R. Blanda  
    var. Hermanni 

Diploid Pollen Parent = 4.0 (Mean) 

      F1           = 21.7 (Mean) 

R. virginiana x R. carolina. Tetraploid Pollen Parent = 21.2 (mean) 

      F1            = 13.4 (Mean) 

R. Lyoni x  R. Carolina Tetraploid Pollen Parent  = 16.0 (Mean) 

     F1             = 19.7 (Mean) 

R. virginiana  x R. obovata Tetraploid  Pollen Parent  = 21.2 (Mean) 

     F1              = 10.9 (Mean) 

Garden Roses 
 
(Rowley, 1960) 

Tea (Papa Gontier) Triploid 52.00 

Tea (Lady Hillingdon) Triploid 60.00 

H. Musk (Vanity) Triploid 67.00 

H. China Triploid 70.00 

H. Musk (Pax) Triploid 77.00 

Floribunda (Else Poulson) Triploid 84.00 

Floribunda ( Rodhatte) Triploid 87.00 

Bourbon (Zephirine Drouhin) Triploid 94.00 

H. Tea (La France) Triploid 95.00 

H. Rugosa (Ruskin) Triploid 100.0 

H. rugosa (Perfume de L Hay) Triploid 100.0 
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 Apomixis is used synonym to agamospermy (Nygren, 1967). Autogamy is self pollination 

which is facilitated with the help of insects (automatic autogamy) or directly by some 

modification in the floral structure like bending of filaments on the pistil (MacPhail and 

Kevan, 2009). In geitogamy two neighbor flower from the same plant contribute in the 

process of pollination and fertilization with the help of insects (Richards, 1986; Proctor et al., 

1996; MacPhail, 2007) as these processes have been studied and proved experimentally 

(Keven, 2003). In Xenogamy (cross pollination) pollen comes from different plant and ganet 

by any external vector (Richards, 1986)  

2. 5 Breeding for introduction of desirable traits in progenies 

 Rose varietal improvement is the continuous source to fulfill the demand for specific 

characters like, recurrent blooming, variable colors, disease resistance and winter hardiness 

and high temperature tolerance. According to Hurst (1955), revolution in the modern cultivar 

of rose varieties in Europe and other part of the world is due to presence of recessive gene in 

the rose cultivars of Chinese origin. Seasonal blooming and non recurrent blooming is 

controlled by dominant gene while recurrent blooming is controlled by recessive gene 

present in the rose cultivars. Keeping in view the presence of recessive gene Chinese 

cultivars was crossed to develop recurrent blooming European cultivars. Pal (1966) stated 

that the recessive gene in the presence of dominant gene together does not show its effect. It 

will become active when it makes pair with the recessive gene from other parent in to a new 

progeny.  

 Breeding for double flowers with more whorls of petals is one of the most important 

objectives for modern roses. Typically wild species roses have one whorl of five true petals 

except Rosa sericea in which only four petals in one whorl are present. More number of 

whorls in double flowered cultivars is due to conversion of stamens or pistils into petals or 

petaloid (Morey, 1959). Number of petals in a whorl depends on floral buds initials. Early 

flowering and primary flowers in cluster tend to have more floral initials than later season 

bloom and secondary and tertiary flowers in a cluster hence they have more petals and 

whorls. According to Morey (1959) the contribution of rootstock in the increment of floral 

whorls and number of petals seems positive because these rootstock increase scion vigor and 

functionality. Number of petals and whorls seems to be controlled by the number of additive 

alleles in the cultivars. Debener (1999) while studying the segregating population R. 
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multiflora, concluded that doubleness of flowers is controlled by one gene with more number 

of alleles contribute to double flowers as compared to less number of alleles for a gene. 

Similarly Morey (1959) observed variations in number of petals in a population derived self 

pollination of tetraploid cultivar Golden Scepter (with 30 petals) and observed that petals 

number among double-flowered roses is additive. This correlates with the assumption of 

Lammerts (1945a) that doubleness is controlled by dominant gene and is quantitative. The 

degree of dominant gene with more alleles contributes to more flowers petals i.e dddd having 

five petals and DDdd having medium number of petals and DDDD having maximum number 

of petals and whorls. Honma and Goto (2001) and  Tooke and Battey (2000) reported that the 

development of the organs of flowers like  sepals, petals, stamens, and pistils is due to  three 

sets of functional genes A, B, and C. The combination of the A and B genes in whorl 2 

represents petals and the combination of B and C genes in whorl 3 represents stamens. 

Petaloids develop when the A gene is expressed in whorl 3 which decreases the number of 

stamens. Petaloids are usually smaller in size than basic petals, but at times are 

indistinguishable (Morey, 1959). 

 Biochemistry of rose flower color and scent is closely related. More than 400 volatile 

compounds have been identified in the floral scent of various rose cultivars.  These 

compounds are generally classed into five groups based on their functions: hydrocarbons, 

alcohols, esters, aromatic esters, and others.  Representatives from one of these five groups 

usually dominate the floral scent of most rose cultivars.  The damask rose (R. damascena) is 

the most important species used to produce rose water, attar of rose and other essential oils in 

the perfume industry (Lavid et al., 2002). 

Rose flower colour is primarily composed of structurally simple cyanidin 3,5-diglucoside 

(also called anthocyanin, Otaga et al., 2005). Anthocyanins are part of a diverse family of 

aromatic molecules called flavonoids, derived from phenylalanine and malonyl-coenzyme A 

(Winkel-Shirley 2001).  Anthocyanins are the biggest subclass of plant flavanoids and in 

most cases are responsible for the orange to blue colours of flowers and other plant organs.  

Flavonoids are water-soluble pigments such which accumulate in the vacuoles. 
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 There are three major types of anthocyanins that contribute to flower colour (Zuker et al., 

2002):  

 delphinidins that produce blue or purple flower colour; 

 cyanidins that produce red or magenta flower colour; and 

 pelargonidins that produce orange, pink or brick red flower colour  

 

Roses do not normally have blue pigments because they lack that part of the anthocyanin 

biosynthetic pathway that produces delphinidins or blue pigments.   

In the anthocyanin biosynthetic pathway (see figure 2.8) an intermediate compound 

called anthocyanidin is generated in the conversion of leucocyanidin to cyanidin 3-glucoside.  

Anthocyanidin is unstable and through gylcosylation at the 3’-OH residue becomes the stable 

compound cyanidin 3-glucoside.  This is the first stable anthocyanin produced in most plant 

species.  Recently, Ogata et al. (2005) discovered that anthocyanin biosynthesis in Rosa x 

hybrida follows a slightly different pathway.  In roses, the unstable anthocyanidin is 

glycosylated by RhGT1 (glycosyltransferase from Rosa x hybrida) first at the 5’OH and then 

at the 3’-OH positions to form cyanidin 3,5-diglucoside, which is the first stable anthocyanin 

produced in roses.   The stable anthocyanidin 3-glucosides (eg. pelargonidin-, cyanidin-, or 

delphinidin-3-glucoside) often undergo further modification such as glycosylation, acylation, 

and methylation and these modification patterns vary among species and cultivars.  It is this 

modification pattern, as well as vacuolar pH, metal ion complexes and co-pigmentation with 

flavonoids that contributes to variations in flower colour (Fujiwara et al., 1998).  In many 

plant species, anthocyanins exist in their acylated forms (Nakayama et al., 2003).  There are 

two major types of acyl substituents of anthocyanins, aromatic and aliphatic acyl groups, 

which are usually linked to a hydroxy group of a glycosyl moiety of anthocyanins. Aromatic 

acylation makes anthocyanins more stable and bluer due to intramolecular stacking of the 

anthocyanins with polyphenols.  Aliphatic acylation of anthocyanin is important for pigment 

solubility in water, protecting and stabilizing anthocyanins, and uptake of anthocyanins into 

vacuoles.   

In in vitro aqueous systems anthocyanin apparently exists as several distinct forms, 

depending upon pH.  At acidic pH (pH < 2), anthocyanin is present in its cationic flavylium 

form (red in colour in aqueous solution).  At physiological pHs (4 – 7), anthocyanins is 
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spontaneously tautomerised to 7-quinonidal and 4-quinonoidal base isomers (bluish-purple to 

blue in colour).  At pHs higher than 5, anthocyanins also undergo hydration to produce a 

colourless carbinol puesobase species.  This hydration process is closely related to the 

instability of the anthocyanin colouration at these pHs (Nakayama et al., 2003). 

Dubois and de Vries (1980) made observations on rose cultivars representing many 

color classes for their relative quantity of carotenoids, anthocyanidins (cyanidin and 

pelargonidin), and flavonols (quercetin and kaempferol) and they found that all cultivars 

screened contained quercetin and kaempferol. Marshall et al. (1983) examined three 

anthocyanidins (cyanidin, pelargonidin, and peonidin) and their heritability in roses and they 

got relatively high narrow-sense heritability estimates using mid-parent /progeny regression 

(h2=0.58 to 0.69) and a small inverse relationship between peonidin and pelargonidin.  De 

Vries and Dubois (1983) and De Vries et al. (1980) argued that gene action of the pigment 

genes is additive. They concluded that breeders should consider color as the interaction 

between pigments and breed for desired colors accordingly.  

      

               Figure 2.8:  Flavonoid biosynthesis pathway (Katsumoto et al., 2007) 
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 Lammerts (1945b) and Pal (1966) reported that dominant colour in roses is mangenta 

pink or train-rose to red rose. Orange-yellow, yellow, white, and scarlets are also recessive in 

their inheritance, i.e., give pinks when crossed to magenta-red or maroon-red roses. . The 

flower color genes are red (rr) being recessive to pink (R_), light pink (pp) being recessive to 

dark pink (P_), and white (ww) being recessive to color (W_) (Lammerts, 1945a). According to 

Pal (1966) dark yellow color is due to ressessive homozygous alleles and light yellow is due 

to heterozygous dominan alleles. Similarly white is also due to homozygous recessive alleles 

and cream color is due to dominant heterozygous alleles (Shupert, 2005). Swarup et al. 

(1973) observed that greenish white color of cv.” Massage” was dominant over pure white of 

cv. “Virgo”. Recessive factors brings diversity of flower color in the form of brilliant orange 

hues which was absent in garden roses before 1930 (Wylie, 1955). The pink color of “Gruss 

en Coburg” dominated over crimson color of other parents as exhibited by three types of 

intervarietal seedlings.   Zlesak (2006) mentioned that some red or pink roses develop a 

purple cast as flowers mature. This is known as “blueing” and is associated with a rise in 

vacuole pH as the petals age (Oren- Shamir, 2001). Lammerts (1960) reports that this is due 

to a dominant allele at a single gene he called M for magenta. Flower color in ornamental 

peaches is regulated by combination of genes for red, pink, and white flower color. 

 Rose parents having multicolored or bi-colored flowers exhibit wide range of 

variations of colors in progenies (Lata, 1971).  Datta (2006) suggested that to produce the 

perfect red rose one must select those varieties as parents which contain high amounts of 

pigments like “Chrysanthemin” and “Paenonin” as these leads to more brilliant red colors in 

progenies. Marshall et al. (1983) reported that there is positive correlation between “Cyanin” 

and either or both “Peonin” and ‘Pelargonin” and may have been due to genes that control 

the amount of any form of pigment. 

 The prickles present on the stem of roses and leaf petiople are called as prickles or 

bristles Nobbs, 1984; Roberts, 1982; Rosu et al., 1995). Prickles are found in the axel of leaf 

and arise from the modification of cluster of epidermal hairs (Rost et al., 1998). The number 

of prickles existing on rose stems usually declines from the bottom to the apex (Andre, 

2003). Thornlessness is controlled by recessive allele present at one loci and presence of 

prickles due to dominant allele (Debener, 1999; Debener, 2003; Rajapakse et al., 2001).  It 

correlates with inheritance of blackberries, belonging to family Rosacae exhibits the absence 
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of prickles on stems is also controlled by a single recessive gene (Haskell and Hill, 1961; 

Pavlis and Moore, 1981; Scott and Ink, 1966). According to Lammerts (1945b) and Swim, 

(1948) the inheritance of prickle density in roses is quantitative which has now been 

investigated to be controlled by two independent QTL loci (Crespel et al., 2002). Pavlis and 

Moore (1981) showed that prickle density in blackberry is due to a non additive gene action. 

Introduction of disease resistance genes in the progenies is becoming a most 

important objective of modern breeders. They are again repeating the history by making back 

crosses with the species roses. With the utilization of molecular markers it is now clear that 

modern roses have very narrow genetic background (Matsumoto et al., 1998) as they are 

developbed by complex crosses involving only 7 to 10 species out of 150 (Gudin 2000) and 

new cultivars were developed from inbreeding existing cultivars not involving out crosses 

with other species due to fertility barriers (see Sec. 2.5.1) (de Vries and Dubois, 1996). 

Continues inbreeding for traits other than disease resistance modern roses has lost many of 

the parent characters (Ogilivie et al., 1991). In the past, commercial rose breeders have given 

priority to characteristics related to morphology like plant habit, flower color, flower size, 

flower shape, thorniness or shoot yield hence little attention was paid to disease resistance as 

this character may affect the performance of the roses as a whole. Other reason is that in the 

breeding process fungicides were used to protect candidate varieties (de Vries, 2000) while 

screening the germplasm. An easy systematic combination of characters like in diploids can 

not be obtained in tetraploid rose cultivars; in contrast it is obvious that single genes may 

control disease resistance in roses (Noack, 2003). It does not means that modern roses are 

susceptible to diseases but variations are there. Roberts (1979) mentioned that some cultivar 

roses shows partial resistance to blackspot and some species like R. rugosa and R. bracteata 

seem to be fully resistant to diseases. It is obvious that introduction of resistance genes in 

modern roses is important and is feasible. Sharma and Singh (2002) screened 166 Hybrid Tea 

rose cultivars against black spot and they claimed that none of the cultivars was resistant 

against black spot. Despande (1980) observed that nearly 40 cultivars of roses showed 

outdoor resistance for the powdery mildew pathogen.  Gowda (1999) reported that breeding 

lines ‘Spotless Gold” (F3 selection), “Spotless Yellow” (F3 selection) and “Spotless Pink” 

(F3 selection) have been proved as resistant parents in breeding program. In other complex 

breeding programs some other black spot and mildew resistant cultivars like “A 
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Mackenzine”, “Charles Albart”, “Champlan”, “William Baffin” have been developed. 

Inheritance of various traits is presented in the table 2.7. 
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Table 2.7: Important traits and inheritance in rose 

 

Trait Inheritance Origin (source) Successful 
interrogation 

Source 

Thornlessness on stems Single revessive R. blanda ‘Basye’s Blueberry’ Debener and Mattiesch 
1999; Rajapakse et al., 2001 

Thornlessness 

 on petioles 

Single recessive R. multiflora descendants 

‘Little Darling’ 

Rajapakse et al., 2001; 
Zleask, 2006 

Recurrent flowering Single recessive Hybrid china descendant 
(‘Goldilocks’ x R. wichurana)

‘Therese Bugnet’  

  ‘Nearly Wild’ 

De Vries and Dubois 1984; 
Zlesak, 2006; Debener 
1999; Crespel et al., 2002 

Double flowers Single dominant 

Qualitative 

Rosa multiflora, China roses Old garden roses, 
modern roses 

Debener and Mattiesch, 
1999 

Dwarf phenotype Single dominant R. chinensis minima ‘Vanilla’ 

‘Kordana’ 

Dubois and De Vries 1987; 
Shepherd, 1954. 

Moss phenotype Single dominant R. centifolia muscosa, 

R. centifolia cristata Vibert 

New Penny,  

Fairy Moss 

De Vries and Dubois 1984 

Resistance to black spot Single dominant R. rugosa Baby Love Malek and Debener 1998 

Resistance to powdery 
mildew 

Single dominant 

Quantitative 

Rosa roxburgi Kardinal, Moon Dance Linde and Debener 2003 

Zhang 2003 

Flower color Quantitative Species roses Modern roses Zhang 2003 

Yellow flower color Single dominant Rosa foetida Soleil’ d’ Or’ De Vries and Dubois 1984 
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2. 6 Fertility status in Roses and factors (barriers) affting crossing success 

Different rose species and cultivars have varying level of fertility (Zlesak, 2007). These 

variations of fertility in modern roses differ due to many factors including interspecific 

derivation, meiotic abnormalities and heterozygous polyploid parents hence processes favour 

the accumulation of deleterious recessive alleles in the progenies (Erlanson, 1931; Ogilvie et 

al., 1991). Low male fertility in the roses can be overcomed by applying repeating and large 

amount of pollens to female parents but selection of amenable female parent is difficult 

(Zlesak, 2007). The tendency of inbreeding in modern cultivars is because of the breeders in 

the past have used very less number of fertile cultivars that produce above average offspring 

(deVries and Dubois, 1996). Inbred can lead to inbreeding depression as the frequency of 

homozygous gametes increases for deleterious or lethal recessive alleles (Ogilivie et al., 

1991). Nybom et al. (2004) argued that interspecific hybridization takes place spontaneously 

among rose species at all ploidy levels and is used as a potential tool in plant breeding. 

Information about compatibility, breeding system, pollen viability, chromosome number and 

inheritance is important for optimal utilization of crosses in rose breeding.   According to 

Faegriand Vander Pijl (1979), there are many intrinsic and extrinsic factors which affect the 

fertility. Age of the flower at the time of the pollination available resource like competition 

ploidy levels and incompatibility systems are the intrinsic factors while amount and condition 

of pollen used at the time of pollen transfer to stigma and environmental conditions like 

temperature, humidity, rainfall, flowering season are the extrinsic factors (Stephenson, 1981; 

Lee, 1988; Lloyd and Schoen, 1992; Proctor et al., 1996). 

According to Bhattacharjee (2010) for successful breeding program those cultivars 

are preferred which produce viable seeds and their pollens are fertile. Selection of male 

parent can be made on the basis of testing pollen viability, furthermore for good estimation 

invitro pollen germination test of pollen donor parent yields good output. Pollen viability and 

germination varies among different cultivars and species and it directly affect the fertility 

because of changing environmental factors. During microgametogensis high temperature 

regimes affect viability and it decreases as the temperature increases (Visser et al., 1977). 

Further more physiological changes prevailing during the growing season also affect fertility 

of gametes (Gudin, 1992; Gudin et al., 1991) as seed setting in rose hybrids is generally poor 

and there is wide variation in the hip setting among different cultivars (Swarup et al., 1973) 
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Pollen germination also depends on pollen viability. According to Visser et al. (1977) studies 

made on 142 rose species and 88 interspecific hybrids the mean percentage of normal pollen 

of di-, tri-, tetra-, penta- and hexaploids was 78, 10, 67, 14 and 42% respectively. 

Observations made on varieties with the same chromosome numbers. e.g. the tetraploids to 

which the Hybrid Tea-roses belong, also showed distinct differences. For example, of the 45 

tetraploids species sampled by Flory (1950) and 42 cultivars investigated by Calvino (1951), 

have germination of 20 and 30% respectively had less than 25% normal pollen. 

Most of the cultivated roses show reduced pollen fertility on account of extensive 

structural hybridity operating at meiosis (Shahare and Shastry, 1963). Another hypothesis is 

that variation in fruit and seed set are due to pollen viability rather than incompatibility 

(Visser et al., 1977).  Vasil’eva (2009) while studying the fertility and vitality of pollen 

observed that the pollen grains of Rosa canina, Rosa corymbifera , Rosa multiflora, Rosa 

acicularis, Rosa majalis, and Rosa rugosa performed wel and got stained with aceto carmine. 

Highest pollen tube length was calculated in Rosa rgusa followed by Rosa majalis (184.2µm 

at 220x magnification). Pollen germination %age was 43.18 in Rosa majalis in minmum of 

5.17 % in Rosa canina. 

2.6.1 Factors (Brriers) affecting fertlity 

Crossing success varies considerably among rose cultivars and has led breeders to strongly 

favor the more fertile genotypes for use as parents. The variable and often low fertility of 

modern rose cultivars may be due to a number of reproductive barriers including incongruity 

due to inter-specific derivation, meiotic abnormalities, and the accumulation of deleterious 

recessive alleles through generations of crossing heterozygous, polyploid parents (Erlanson, 

1931; Ogilvie et al., 1991). Moreover, reproductive success is also affected by various 

intrinsic factors including age of the flower being pollinated, available resources 

(competition), ploidy level and incompatibility and extrinsic factors include the type 

condition and amount of pollen applied, the time of pollination and the environment 

(temperature, humidity) during microgametogenesis and the physiological changes during 

growing season (Gudin, 1991, 1992; Visser et al., 1977; Proctor et al., 1996; Richards, 

2003). Gametophytic self incompatibility is present in the rose family (Heslop- Harrision and 

Shivanna, 1977). Rarely has self fertilization been reported in diploid rose species, and self-

fertilization is limited, but more common, in polyploid species (Cole and Melton, 1986; Ueda 
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and Akimoto, 2001). Self fertilization, however, is common among tetraploid modern rose 

cultivars (Morey, 1959; Rajapakse et al., 2001; Zlesak, 1998).   

Most common reason of the less reproductive success for getting hybrid is the 

physiological barrier defined as self-incompatibility that is the inability of the fertile 

hermaphrodite seed plant to produce zygote after self pollination (Richards, 1986). 

Incompatibility systems affect 1) pollen stigma interaction; particularly; pollen germination 

on the stigma, 2) the growth of the pollen tube towards the ovule, 3) the fusion of the nuclei 

(Richards, 1986; Barrett, 2003).  Gametophytic mechanism, in which the self incompatibility 

phenotype  of the pollen is determine by its own genotype  and present in Rosaceae including 

the genus Rosa ( Richards, 1986; Barrett, 2003).  

Anthesis, the period when a chasmogamous flower is open and functional, when 

anthers and stigmas are exposed to pollinators. However, in chasmohamous flowers, the 

anthers and stigma may not be functional simultaneously. In homogamous flower, anther 

dehiscence and stigma receptive co-occurs but in dichogamous flowers the two sextual 

phases occurs at different times which limit the breeding success ( Richards, 1986).  

Variations in ploidy level also affect the crossing success and breeding practices. 

Most species roses have only one ploidy level while few other are polyploidy series (see 

table 2.4). The effect that ploidy level has on sexual reproduction is uncertain (Ueda and 

Akimoto, 2001) but it is argued that higher ploidy leads to greater interspecific diversity in 

breeding system (Cole and Melton, 1986). Triploid often formed from the crosses between 

the diploid and the tetraploid ones or diploids where one produces a 2n gamete. Commonly 

has reduced fertility (Zlesak, 2006). Self pollination appears to be more common at higher 

ploidy level (MacPhail and Kevan, 2009) possibly reflecting reduced influence of the 

incompatibility genes and the competitive interaction of the S- alleles in diploid and triploid 

pollen (Cole and Malton, 1986; Ueda and Akimoto, 2001)   

2.7 Rose seed collection, storage and germination 

 Rose is propagated by seed when breeder and grower have certain objectives like 

cultivar improvement, hip production, regaining original native germplasm and for 

production of rootstock. By sexual propagation is less desirable as there is tendency of low 

germination of seeds due to delayed seed dormancy (Tinker and Wisely, 1935; Xu et al., 

1993; Bo et al., 1995; Hosafci et al., 2005) To get good success in seed germination it is 
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better to be aware of maturity time of hips, drying period, seed collection methods and 

storage conditions. According to Meyer (1956) the hips may be ripen from late summer to 

fall with higher color and hues of orange, red and purple. Storage life of rose seed is very less 

as the viability of seed is affected by duration of storage and dry period in the laboratory  and 

warehouse and loss of viability occurs when stored for prolonged period as little as 2 to 3 

years ( Crocker and Barton, 1931). Gill and Pogge (1974) stated that sealed storage of air 

dried seeds at low temperature should be preferred.  

 According to Svejda (1974) normal appearing seeds might fail to germinate or the 

seedlings might die soon after germination. Some seedlings grow well but are unable to 

initiate flowers. Even if one of the F1 seedlings is able to set seeds, the seeds might not 

germinate or the second generation of seedlings might be sterile because seeds of roses 

normally shows dormancy at maturity (Meyer, 1956) due to hard pericarp, inhibitors ion 

pericarp and testa (Zhou et al., 2009) and physiological hindrances in the embryo (Jackson 

and Blundell, 1963; Densmore and Zasada, 1977; Bo et al., 1995). Moreover, Bo et al. 

(1995) claimed that high concentration of Abscissic acid (ABA) is present in the pericarp and 

testa of rose seed which may block germination. He studied the achenes of hybrid tea cultivar 

‘Crimson Glory’ and found that the ABA concentration was more in the testa (1.38 ug g-1) 

than the pericarp (0.85 ug g-1) and embryo (0.18 ug g-1). It is now confirmed that in fully 

developed achenes the embryo does not exhibit morphological dormancy (Jackson and 

Blundell, 1963). In order to get good percentages of seed germination it is necessary to break 

the seed dormancy in roses. Getting rid of dormancy is very complicated process which 

results changes in pericarp, test and embryo. The extent of dormancy and level of dormancy 

control differs among species, varieties, seed lots and even among hips with in a single bush 

(Meyer, 1956). According to work of Svejda (1972) achenes and hard pericarp are water 

impermeable and don’t swell when placed in water. Tincker and Wisely (1935) reported that 

cracking the pericarp alone did not remove dormancy in contrast to Robert and Shardlow 

(1979) who suggested that sulphuric acid treatment before warm and cold stratification of 

achenes of roses for root stock production improves germination. How ever the germination 

of seed in genus Rosa is not easy due to presence of endogenous and exogenous dormancy 

(Baskin and Baskin, 1998; Hosafaci et al., 2005; Alp et al., 2008; Werlemark et al., 2009). 

De-Veries and Dubois (1987) and Gudin et al. (1990) revealed that limited germination of 
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rose achenes is due to pericarp and endocarp thickness and it is controlled by factors such as 

temperature during maturation of achenes and genetic factors as well. Accoding to Gudin et 

al. (1990) and Werlemark et al. (1995) good germination can be achieved by weakning the 

pericarp by different ways such as acid treatment or by providing high temperature to the 

rose achenes during storage. The work of Semeniuk and Stewart ( 1966), Svejda ( 1968), 

Werlemark et al. (1995) and Zhou et al. ( 2009) revealed that warm plus cold stratification  

alone appear to be an effective remedy to get rid of dormancy of rose achenes. It appears 

similar to the findings of Robert and Shardlow (1979) who further added that sulphuric acid 

treatment before warm plus cold stratification of rose achenes improves germination. Younis 

et al. (2007) stated that treating rose achenes with 50% sulphuric acid significantly improve 

germination. Moreover duration of scarification and stratification treatments significantly 

affects germination rates. In some cases prolonged cold stratification increased both the rates 

and percentages of germination (Zhou et al., 2009). According to Semeniuk and Stewart ( 

1962) and Stewart and Semeniuk ( 1965) achenes of rosa species may exhibit increased 

dormancy if chilling period is proceeded or interrupted by period of incubation at warmer 

temperature. Svejda (1968) argued that warm stratification for 60 days at 20 oC prior to 90 

days of cold stratification at 3 oC increased germination in R. rogusa instead of chilling alone 

but longer period reduced germination rates. According to Nybolm (1986) germination of R. 

canina achenes was only 50% when placed for the period of 5 to 6 months at 20 oC and then 

for 5 to 6 months at 5 oC. Suszka and Bajrska (1987) achieved the excellent germination in 

R. canina after keeping the achenes at 4 oC for 16 weeks and then at 3 oC for 16 weeks. 

Hybrid rose seeds germinate best after 2 to 3 months at 1 to 4°C, however, a few seeds may 

germinate with no cold treatment at all.  Germination appears to be prevented by inhibitors in 

the seed coat as well as mechanically by the pericarp (Hartmann and Kester, 1975). Hybrid 

rose seeds germinate best after 2 to 3 months at 1 to 4°C, however, a few seeds may 

germinate with no cold treatment at all.  Germination appears to be prevented by inhibitors in 

the seed coat as well as mehanically by the pericarp (the wall of the rose hip) (Hartmann and 

Kester, 1975). Blundel and Jackson (1971) described that mature achenes of many Rosa 

species are shows dormancy and hence there is need of cool stratification before sowing. 

This dormancy in achenes is due to hard pericarp as the achenes with thin pericarp germinate 

faster. The dormancy seems to be due to prevention of water entry and blockage of gaseous 
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exchange by hard pericarp. Tincker and Visely (1935) reported that little success in 

germination of achenes was achieved after soaking the seeds in water, exposure to 100 % 

oxygen, scarification and treating with acid. Rowley (1956) while performing germination of 

Rosa canina seeds obtained good germination rates by treating the seeds in moist vermiculite 

in green house for two months followed by two months freezing temperature. According to 

Blundell and Jackson (1971) cool stratification of seeds at 5°C in plastic bags showed better 

results that stratification at 2°C. 

 According to Zhou et al., (2009) every treatment for breaking dormancy was less 

effective alone than in combination. Scarification treatment with sulphuric acid followed by 

cold stratification lead to high germination percentages. This treatment in combination 

proved very effective for other rose species as well (Densmore and Zasada, 1977; 

Bhanuprakash, 2004; Zlesak, 2005) 

 
2.8 Heterosis, estimation and genetics 
 

Heterosis or Hybrid vigor may be defined as the increase in size, vigor, fertility, and overall 

productivity of a hybrid plant, over the midparent value (average performance of the two 

parents). It is calculated as the difference between the crossbred and inbred means. 

                        Hybrid vigor = {[F1 − (P1 + P2)/2] / [(P1 + P2)/2]} 

                The estimate is usually calculated as a percentage (i.e.,× 100). 

 

The term “Heterosis” was coined by G. H. Shull in 1908. It should be pointed out 

immediately that, as it stands, heterosis is of no value to the breeder (and hence farmer) if a 

hybrid will only exceed the midparent in performance. Such advantageous hybrid vigor is 

observed more frequently when breeders cross parents that are genetically diverse. The 

practical definition of heterosis is hybrid vigor that greatly exceeds the better or higher parent 

in a cross. Heterosis is often estimated as mid-parent heterosis (MPH), comparing the 

average trait value of the F1 hybrid to the average trait value of the parents. In an agricultural 

context, the hybrid must exceed the best parent to be useful. For this purpose best-parent 

heterosis (BPH) is determined. 

Heterosis can be controlled by multiple linked or unlinked genes, represented by ‘A’, 

‘B’, etc. Dominance: This model proposes that independent sets of slightly deleterious 
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alleles [represented in Figure 2.8 by ‘a’ in parent 1 (P1) and ‘b’ in P2] accumulate throughout 

the genome during inbreeding of parental lines (inbreeding depression) (Bruce, 1910; 

Davenport, 1908). Hybridization causes complementation in F1 progeny by the superior 

alleles ‘A’ in P2 and ‘B’ in P1, resulting in phenotypic superiority over both parents. 

Dominance is most easily conceptualized in the context of monogenic recessive mutations 

that affect plant fertility. For example, heterosis can be artificially created by crossing two 

genotypes carrying mutations in different genes affecting fertility. Reciprocal 

complementation following hybridization fully restores fertility leading to superiority over 

the two parents. Overdominance (ODO): This model proposes that allelic interactions at a 

single heterozygous locus result in a synergistic effect on vigor that surpasses both 

homozygous parents (Shull, 1908; East, 1908; Crow, 1948) In the example shown, P1 

contributes allele ‘B*’ and P2 allele ‘B’, with no assumption of a dominant–recessive 

relationship (see fig. 2.9). The F1 hybrid carries both alleles, which function together to 

promote greater vigor. Although evidence for ODO is debated, examples of ODO genes are 

known. One case involves the erecta mutant in Arabidopsis thaliana, which is caused by a 

mutation in a gene encoding a receptor-like kinase that participates in multiple aspects of 

plant growth and development. Plants heterozygous for erecta show greater fertility than 

homozygous wild-type siblings, but no molecular explanation is known (Redei, 1962). An 

example of agricultural ODO involves the tomato fruit-ripening mutant ripening-inhibitor 

(rin), which is caused by a deletion in a MADS-box transcription factor. When homozygous, 

this mutation prevents fruits from turning red and softening, but tomatoes heterozygous for 

the rin allele ripen over an extended period of time and remain firm. Pseudo-overdominance 

(pseudo-ODO): The genetic intermediate of dominance and overdominance is ‘pseudo-

ODO’, which is actually a simple case of dominance complementation, in which the two 

recessive mutations (‘a’ from P1 and ‘b’ from P2) are linked in trans, or ‘in repulsion’. This 

type of complementation in the hybrid resembles overdominance, because of the tight 

chromosomal linkage.  
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Figure 2.9: Diagramatic elaboration of the models of heterosis. (Zachary, 2006) 
 
In addition to formal genetic models, numerous physiological and molecular mechanisms 

underlying the heterosis phenomenon have been proposed (Comings and MacMurray, 2000; 

de Vienne et al., 2001). Griffing and Zsiros (1971) considered heterosis as the result of 

interaction between genetic and environmental stimuli. They dissected the complex 

phenomenon of heterosis into environment-dependent component parts, such as temperature-

dependent heterosis (Langridge, 1962). Riday et al. (2003) suggested that in many cases 

heterosis can be accounted for by the interaction of genes controlling morphologically 

divergent traits between the parents. This has been shown in Arabidopsis for phosphate 

acquisition (Narang and Altmann, 2001), where the F1 hybrids inherited beneficial root traits 

from both parents. Parental genetic distance is often regarded as a useful indicator for hybrid 

performance (Melchinger, 1999).  Several studies have reported a positive correlation 

between genetic distance of the parental lines and the superior hybrid performance (Liu et al., 

2002; Barbosa et al., 2003). However, in maize (Zea mays), heterosis is known to culminate 

at an optimum of parental genetic distance before declining again (Moll et al., 1965). 

A lot of heterosis studies are performed in crop plants including, Brassica, Wheat, 

Maize, Cotton, Chickpea, Lolium, Jetropha and Brinjal etc and little bit in the fruit crops of 
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family Rosaceae (strawberry). Foster (1971) conducted heterosis studies in lolium perene and 

determined the performance of a series of intervarietal F1 hybrid populations. Results 

indicated that on average the hybrids were more stable in performance than their parental 

varieties, but they showed no general yield advantage. Several hybrids were markedly 

heterotic at the higher-parental level, however. More heterosis was exhibited in high 

productivity conditions than in less favourable environments. A generally poor correlation 

between parental and F1 hybrid performance under competitive simulated-sward conditions 

and performance in noncompetitive spaced-plant conditions was found. 

A quantitative evaluation of yield components was carried out by Devarathinam 

(1976) in 150 inter-varietal hybrids of Brassica campestris using five each of the three 

varieties, brown sarson (BS) , yellow sarson (YS) and toria (TR). The results showed both 

additive and non-additive gene action for plant height, number of primary and secondary 

branches and number of siliquae on the main axis in all the six cross combinations BS-YS, 

YS-BS, BS-TR, TR-BS, YS-TR and TR-YS. The general combining abilities of BS, YS and 

TR indicated that their nature and magnitude depended largely on the other parents which 

entered the hybrids. There were differences in combining ability between direct and 

reciprocal combinations. GBS II, Kanpur Lotni 17, Kanpur Lotni 27 and DS 17D in BS, IB 

3, IB 5, IB 6 and BP 12 in YS , and T 165, T 244 and T 1842 in TR were identified as 

potential parents for inter-varietal hybridisation. Reciprocal effects were found when BS or 

YS was used as parent and they were least when TR was used as a parent. The amount and 

degree of heterosis was substantial in inter-varietal crosses. Based on the heterosis-

combining ability relationship, the role of inter-varietal hybridisation in population 

improvement of Brassica campestris is discussed. A number of methods of utilising the inter-

varietal hybrids in multiple crosses and synthetic complexes is suggested as potential 

supplements to population breeding in this crop. 

Sousa and Maluf (1998) conducted studies on the expression of heterosis for 

productive traits in F1 eggplant (Solanum melongena L.) hybrids and performed crossing 

between seven eggplant cultivars (Embu = E; Santa Genebra = SG; Viserba = V; Aubergine 

de Barbentane = AB; Florida Market 10 = FM; Black Beauty = BB, and Melitino = M) and 

two breeding lines (B-14-07 = B1 and B-31-06 = B2). Results indicated that significant 

heterosis relative to the parental means was detected for all traits studied. Their values ranged 
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from +41.23% to +113.31% for total fruit yield, from -11.45% to +26.17% for average fruit 

weight, and from +27.98% to +141.81% for early production. Heterosis relative to the 

superior parent ranged from +13.89% to +92.51% for total fruit yield. Hybrid pairs: SG x FM 

and AB x B1, V x FM and AB x FM, E x M and AB x B1 were the most heterotic relative to 

the parental mean for total fruit production, mean fruit weight and early production, 

respectively. The hybrids displaying highest heterosis relative to the superior parent for total 

yield were AB x B1 and SG x FM. 

Singh et al. (2000) conducted study to estimate the selection parameters heterosis, 

inbreeding depression, heritability, genetic advance, phenotypic and genotypic coefficients of 

variation using six intervarietal chickpea crosses: BGM-417 × Ponaflair; E 100 y (M) × E 

100 y; PDG-8416 × PRR-1; Ponaflair × PDG-8416; Hyb 16-3 × ICC-6671-WR; and L-550 

(pm) × P 436-2-WR. Of these, the first four crosses were of desi × desi type while the 

remaining two were of the Kabuli × desi type. For seed yield, heterosis over better parent and 

mid parent was highest in E 100 y (M) × E 100 y, followed by L-550 (pm) × P 436-2-WR 

and BGM-417 × Ponaflair. The crosses BGM-417 × Ponaflair, E 100 y (M) × E 100 y and 

PDG-8416 × PRR-1 showed high heterosis for flower per plant. The trend of average 

inbreeding depression for yield per plant and other characters was similar to that of heterosis 

but lower in magnitude. The characters, flowers per plant showed high heritability coupled 

with high genetic advance in all the crosses. The highest genotypic and phenotypic 

coefficients of variation were observed in pods per plant and yield per plant in all the crosses 

except in E 100 y (M) × E 100 y cross of yield per plant. It is concluded that a selection index 

based on flowers per plant than those of yield per plant will be an efficient approach. 

Rasul et al. (2002) performed heterosis studies in varities of bread wheat. Heterosis 

was estimated over mid and better parents for yield and some important yield related traits in 

10 crosses of bread wheat. Grain yield per plant revealed maximum heterosis over the mid 

parent (31.65%) followed by number of grains per spike (15.56%), spike length (7.42%), 

number of spikelets per spike (7.29%), 1000 grain weight (5.79%) and number of tillers per 

plant (-2.14%). The maximum heterobeltiosis was recorded for grain yield per plant 

(27.11%) and number of spikelets per spike (6.59%). 

Bakhsh et al. (2007) performed the intervarietal crosses on chickpea cultivars and 

lines i.e Balkasar, Bittal -98, C-235, Dasht, Punjab-1 and ILC-482 and found that The 
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magnitude of heterosis varied significantly between hybrids. Heterosis over mid parent in 

primary and secondary branches ranged from 12.31% to 56.82% and from 11.19% to 

93.03%, respectively. Heterotic effects for 100 seed weight, grain yield per plant and 

biological yield per plant respectively varied from 18.78% to 32.96%, 4.05% to128.49% and 

9.25% to 116.82%. Balkasar x C-235 exhibited maximum heterosis and heterobeltiosis for 

primary branches, secondary branches, grain yield plant-1 and biological yield plant-1, 

whereas, Punjab-1xILC482 expressed maximum heterosis (103.97%) and heterobeltiosis 

(75.80%) for number of pods plant-1. Broad sense heritability for different traits ranged from 

45.23% to 85.76%. Maximum heritability was recorded for number of seed per pod and 100 

seed weight. High heterosis with moderate heritability and high genetic advance obtained for 

number of pods plant-1 provide opportunity for identification of superior segregates from 

Punjab-1xILC482, C-235xBittal-98 and BalkasarxC-235. 

 

Noguchi et al. (2009) performed heterosis studies to check the possibility of using 

detaploid interspecific hybrids as a parent for new strawberry and the leaf shape, leaf area, 

and fruit size of six crossings between a decaploid cultivar ‘Kurume IH No. 1’ and three new 

decaploid interspecific hybrids (‘Kurume No. 58’ × Fragaria nilgerrensis) were evaluated. 

‘Kurume IH No. 1’ was a normal type with one crown. The three new decaploids were 

fasciculate types with many shoots. In all crossings between the different decaploid 

interspecific hybrids, normal and fasciculate types coexisted. The uniformity of leaf shape in 

normal-type seedlings was good, and these seedlings were vigorous. They exhibited heterosis 

for leaf area that exceeded that of their parents and the leading cultivar, ‘Toyonoka’. The 

apical fruits of normal-type seedlings were very large but soft. The taste is superior because 

the fruit sugar content is the same as in cultivated strawberries and the F1 seedlings have a 

peach-like sweet fragrance. Thus, fruit appearance could be improved by crossing the 

superior parent because fruit shape and color differed according to the combination used. 

From the results of these crossings between decaploid interspecific hybrids in this research, 

the raising of a seed-propagated strawberry is impossible because fasciculate plants coexist in 

the F1 seedling generation. However, the decaploid interspecific hybrids have high potential 

as a parent for vegetatively propagated strawberries that make efficient use of heterosis. 
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Bin-bin et al. (2011) Studies the photosynthetic characteristics，chlorophyll 

fluorescence characteristics as well as their heterosis and parent-offspring correlation to 

investigate the inheritance of photosynthetic performance. The results showed that positive 

mid-parent heterosis and transgressive heterosis were higher on chlorophyll 

content，carotenoid content，water use efficiency（WUE），CO2 compensation 

point（CCP）and PS  actual photochemical efficiency（Yield）of most combinations 

while negative heterosis were higher on net photosynthetic rate（Pn），light compensation 

point（LCP），light saturation point（LSP），light saturated net photosynthetic 

rat（LSPn），apparent quantum yield（AQY），CO2 saturation point（CSP），CO2 

saturated net photosynthetic rat（CSPn），carboxylation efficiency（CE），electron 

transport rate（ETR），PS maximal photochemical efficiency（Fv/Fm）and non-

photochemical quench（NPQ）. The behavior value of characteristics in F1 was less 

correlated with that of all parents except CSP and Fv/Fm after parent-offspring correlation. 

Meanwhile，the relative heterosis was correlated with different value between parents on 

carotenoid content，Pn，LSP，LSPn，CCP，CSP，CSPn and minimal fluorescence（Fo. 

They concluded that in order to breeding new variety of peach with photosynthetic 

superiority proper differences between parents should be noticed. 

Use of the intervarietal heterosis studies in roses not yet documented although 10,000 

cultivars of Hybrid tea and 50000 cultivars of Floribunda have been developed (Zlesak, 

2006) by crossing existing cultivras as a parent. Breeders in the world perform million of the 

crosses to get cultivars having commercial importance and perform early selection for 

superior progenies with in F1 population. The present effort is the first of its nature in 

heterosis studies in roses which will help to use the potential of existing cultivars in the 

development of the hybrids and also to document the magnitude of heterosis in the progenies 

for various traits tranfered from the parents.  
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2.9 Use of molecular markers in rose denetic diversity studies 

 Molecular markers have been used to investigate polymorphisms in and between 

species and cultivars and for phylogenetic studies (Ben-Meir and Vainstein, 1994; Vainstein 

and Ben-Meir, 1994; Millan et al., 1996; Reynders-Aloisi and Bollereau, 1996; Debener et 

al., 1996). Various molecular techniques have their own merits and demerits (see table 2.8) 

Besides marker techniques, sequence analysis is used for phylogeny in roses (Matsumoto et 

al., 1998). Studies have been conducted for genetic analysis and mapping of a segregating 

population with RAPD and AFLP markers (Debener and Mattiesch, 1998). An integrated 

map of rose with AFLP, SSR, PK, RGA, RFLP, SCAR and morphological markers was 

constructed (Yan et al., 2005).  

 Rose cultivars are often difficult to distinguish on morphological characteristics only, 

therefore since molecular markers were available a lot of effort was put on the use of these 

markers for variety identification in roses, such as RFLP (Hubbard et al., 1992 ; Rajapakse et 

al., 1992;Torres et al., 1993; Ballard et al., 1995), RAPD (Cubero et al., 1995; Reynders-

Aloisi and Bollereau, 1996; Gallego and Martinez, 1996) and AFLP (De Riek et al., 2001; 

Zhang et al., 2003). Moreover, by the UPOV convention of 1991, essential derived varieties 

are protected by the original plant breeder’s rights UPOV. In roses for example up to 16 

protected colour mutants are known from one original cultivar (‘Frisco’). Therefore it is 

important to recognise spontaneous and induced variant types of existing varieties, with 

molecular techniques like AFLP (De Riek et al., 2001; Vosman et al., 2004). 

2.9.1 Microsatellite markers (Simple Sequence Repeats-SSRs) 

 The presence of dinucleotide repeats-poly (CA) poly (GT) was first mentioned in 

mammals by Hamada et al. (1982).  Tautz and Renz (1984) called these repetitive sequences 

as Simple Sequence Repeats (SSRs).  In the beginning, the term minisatellite was evolved in 

1985 to explain family of tandem repeats. Actually the SSR analysis technique was a 

derivative RFLP analysis.  This technique characterised by the use of SSR-complimentary 

oligonucleotide as probes (Ali et al., 1986), followed by detection of the hybridizing 

fragments by autoradiography.  Now microsatellites can be amplified for identification using 

PCR, using templates of flanking regions (primers).  DNA is denatured at a high temperature, 

separating the double strand, allowing annealing of primers and the extension of nucleotide 

sequences along opposite strands at lower temperatures (Griffiths et al., 1996).  This 
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fingerprinting technique has been applied to a large number of plant species and for many 

other different purposes.  They had repeats of very short sequences (Simple Sequence 

Repeats) (Ramakrishina et al., 1994) and have been comprehensively documented in 

cultivated chichpea, Cicer arietinum (Sharma et al., 1995)  

 There was another strategy based upon microsatellite-primed with unanchored 

primers (PM-PCR; Single Primer Amplification Reactions) that uses microsatellite-

complementary oligonucleotides as primers.  The technique has also been described and 

applied to the animals (Perring et al., 1993), fungi (Meyer et al., 1994) and plants (Gupta et 

al., 1994) for genomic analysis.  However, the technique, like RAPD, has certain weaknesses 

like; poor reproducibility and the majority of the MP-PCRs may be the result of mismatch 

annealing of primers during PCR.  On the other side, microsatellite-Primed PCR with 

anchored primers (AMP-PCR; Inter-SSR-PCR) is a more sophisticated variant of MP-PCR 

technique.  The product can be separated on polyacrylamide gels, and banding pattern can be 

revealed by autoradiography (Zietkiewicz et al., 1994).  Random Amplified Polymorphic 

Microsatellite (RAMP) was first described by Wu et al. (1994); this technique was 

combination of 5’-anchored microsatellite primers and arbitrary 10-mer primers (i.e. RAPD) 

to obtain screenable microsatellite polymorphisms. 

  In recent years, microsatellites gained the popularity and have become first 

choice for a wide range of applications in genetic mapping and genomic analysis.  

Microsatellites are exceptionally useful because they are of highly variable nature among 

taxa (Fisher et al., 1998), are present in large numbers, and are more or less evenly 

distributed in the genome.  Moreover, they are probably nonfunctional and therefore, 

selectively neutral. These molecular markers also detected a large number of alleles and were 

able to discriminate between even closely related individuals efficiently, particularly in the 

case of rice (McCouch et al., 1997; Olufowote et al., 1997).  Microsatellites and 

minisatellites are most informative among molecular genetic markers which are dispersed 

throughout the genome and are considered as the key point of recombination (Ramakrishina 

et al., 1999). For crop improvement, efficiency of breeding program depends on diversity of 

parents being used in crosses.  The diversity can easily be traced with the help of SSRs that 

exhibit more polymorphism (Belaj, 1998; Trujillo et al., 1995).  The heterozygosity values 

for Microsatellites were found 7-10 times higher than RFLP (Wu and Tanksley, 1993).  
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Similarly, the information contents were also higher than RAPD (Dayanadan et al., 1998).  

Moreover, SSRs proved useful in detecting within cutivar heretozygosity in rice (Wang and 

Tanksley, 1989; Virk et al., 1995) and some other crops (Kresovich et al., 1994).  The first 

report of microsatellite linked to a plant resistance gene was published by Yu and Nguyen 

(1994).  After that the use of this technique became more safe and convenient if detected in 

agarose gel (Wu and Tanksley, 1993) or by silver staining (Cho et al., 1996) as compared to 

radio labeled probes, which is radioactive substance and polyacrylamide gel where 

acrylamide is extremely toxic and carcinogenic. 

 Smulders et al. (2009) developed a data base of 732 Hyrbrid Tea varities by 

microsatelliete and identified and recognised seedling derived varieties based on unique 

genotypes, while grouping mutants into groups with identical marker scores. Szewc-

McFadden et al. (1996) also used this technique in three Brassica species.  He designed 

primer pairs for 21 dinucleotide SSRs.  Thirteen of them detected variations between and 

within species.  All primer pairs were designed to work under identical amplification 

conditions; therefore, single-reaction, multiplex PCR with these SSR was also possible. 

 Scientists have also been using Microsatellite markers in genetic studies of family 

Rosasae. For example, Direlewanger et al. (1998) identified 8 Inter-Microsatellite 

Amplification (IMA) markers in an F2 population of peach [Prunus persical (L) Batch] 

segregating for economically important traits including four agronomic characters 

(peach/nectarine, flat/round fruit, acid/non-acid fruit, and pollen sterility).  These markers 

were mapped to 11 linkage group.  The average density between pairs of markers was 4.5 

centi morgan (cM).  Gianfranceschi et al. (1998) developed 16 reliable SSR markers that 

amplify all alleles from a panel of 19 Malus x domestica (Borkh.) cultivars or breeding 

slections and from Malus floribunda 821.  The markers showed a high level of genetic 

polymorphism with an average of 8.2 alleles per locus and an average heterozygosity of 0.78.  

Due to this high level of polymorphism, it was possible using only two selected SSRs to 

distinguish all cultivars except Starking and Red Delicious. 

 Fisher et al. (1998) isolated dinucleotide microsatellites from Pinus radiata. Locus-

specific primers were designated to amplify 43 unique microsatellites.  Thirty two of these 

loci had interpretable PCR patterns, 11 of which were polymorphic in a screen of 19 Pinus 

radiata individuals; all 11 polymorphic loci contained at least 17 repeats in the sequenced 
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plasmid.  Six of the eleven primer pairs amplified multiple fragments per individual (3-8) 

suggesting less loci were present in multiple copies in the genome. Zhang (2003) noted that 

SSR markers could provide a marker database for cultivar identification and can be useful in 

rose genetic and population analyses while, Esselink et al. (2003) suggested that a selection 

of the most-robust Sequence Tagged Microsatellite Site (STMS) markets may be able to 

differentiate any two varieties within rootstocks or Hybrid Teas except for mutants.  The 

selected STMS markers will be useful as a tool for reference collection management, for 

assessing essential derivation of varieties and illegal propagation. 

 Microsatellites were found highly polymorphic in rose studies and as STMS markers, 

they provide simple banding patterns, especially suitable for automated and objective 

analysis and data can be stored easily in a database (Esselink et al., 2003) (see table 2.9). 

Among these molecular markers, SSR are now gaining much more importance for genetic 

analysis of species and cultivar roses as these molecular markers also detected a large 

number of alleles and are able to discriminate between even closely related individuals 

efficiently (Babaei et al., 2007 ) and hybrid identification (Iqbal et al., 2010). SSR markers 

could provide a marker database for cultivar identification and can be useful in rose genetic 

and population analyses (Zhang, 2003). SSR analysis can be performed by various 

techniques such as traditional agarose, polyacrylamide and cappliary electrophoresis (Wang 

et al., 2009) but capillary electrophoresis has advantage over other techniques as it is easy 

and less time and labor consuming and its results is automated and accurate separation and 

estimation of allele size and band pattern (Shi et al., 2003; Huang et al., 2006: Wang et al., 

2009). Present study was aimed to develop the progenies after crossing among Rosa x 

hybrida cultivars and to check the morphological differences for superiority over parents and 

the genetic diversity analysis by SSR to confirm the contribution of each parent in the 

development of F1 hybrid population of roses by capillary electrophoresis technology on 

QIAxcel instrument. SSR markers proved a good tool for hybrid identification of rose as 

well, as most of the work was done on other crops like cotton (Asif et al., 2009), rice 

(Hashemi et al., 2009)  and sunflower (Iqbal et al., 2010). 
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Table 2.8: Comparison of advantages and disadvantages of most commonly used DNA markers 

Molecular 
marker 

Co-dominant 
or Dominant 

Advantages Disadvantages References 

Random 
Amplified 
Polymorphic 
DNA (RAPD) 

Dominant  High degree of  
polymorphisms  

 Lower cost of equipment 
and supplies 

 Higher speed of analysis 
 Multiple loci from a 

single primer possible 
 Small amounts of DNA 

required 

 Problems with 
reproducibility due to 
mismatch annealing 

 Generally non transferable 
 

Premer (1996), 
Williams et al., (1990), 
Cubro et al., (1996), 
Demeke et al. (1997),  
Karp et al. (1997) 
 

Simple Sequence 
Repeats (SSR) 

Co-dominant  Technically simple 
 Easy to use with PCR 
 Robust and reliable 
 Transferable between 

populations 
 High reproducibility  

 Time consuming and 
laborious for production of 
primers. 

 Usually require PAGE 
which is toxic 

McCouch et al. (1997), 
Roder et al. (1995, 1998), 
Vignal et al. (2002), 
Senior and Heun (1993) 

Restriction 
Fragment Length 
Polymorphism 
(RFLP) 

Co-dominant  Robust 
 Reliable 
 Transferable across 

populations 

  Tedious, expensive and 
time consuming  

 Large amounts of DNA is 
required 

 Limited polymorphism 

Beckman and  
Soller et al. (1986), 
Kockert (1994) 
Antonio et al. (2004) 

Amplified 
Fragment Length 
Polymorphism 
(AFLP) 

Dominant  Multiple loci 
 High level of 

polymorphism 
generated 

 Large amount of DNA is 
required 

 Complicated methodology 
 Time consuming and 

laborious 

Vos et al. (1995), 
Garcia-Mas et al. (2000) 
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Table 2.9: Molecular markers used in roses 

Marker type Use Reference 

RAPD Cultivar identification 

Interspecific hybrid identification 

Genetic diversity 

Phylogenetic relationship 

DNA fingerprinting 

Trujillo et al., 1995; Kaur et al., 2007 

Smith et al., 1996 

Riaz, 2006; Reynders-Aloisi et al., 1996. 

Millan et al., 1996 

Riaz et al., 2012 

SSR  Identification of varieties 

Integrated map of roses 

Genetic linkage map and QTL 

Mapping for disease resistance 

Genetic diversity  

Autotetraploid linkage map 

Esselink et al., 2003; Smulders, 2009 

Yan, 2005 

Zhang, 2003; Tsai et al., 2010; Oyant et 
al., 2008 

Koning-Boucoiran et al., 2009 

Samiei et al., 2009: Rusanov, 2005. Riaz, 
2006. Kiani et al., 2010; Samiei et al., 
2010;Gar et al., 2011 

SCAR Genetic analysis, LRR profiling, 
Identification of Rdr3 locus for 
black spot resistance 

Identification of Rosas pecies 

Whitaker et al., 2010 

Riaz et al., 2012 

AFLP Integrated map of roses 

Genetic variation 

Autotetraploid linkage map 

Mapping for disease resistance 

Yan, 2005 

Vosman et al., 2004 

Gar et al., 2011 

Koning-Boucoiran et al., 2009 

RFLP Integrated map of roses 

Identification of cultivars 

Yan et al., 2005 

Rajapakse et al., 1992. 

RGA Mapping for disease resistance 

Identification of  Rdr3 locus for 
black spot resistance 

Koning-Boucoiran et al., 2009 

Whitaker et al., 2010 
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Chapter-3 

                                                      MATERIALS AND METHODS 

The research work related to heterosis and morphological studies, presented in this 

manuscript was performed at Rose Project Area, Institute of Horticultural Sciences, University of 

Agriculture, Faisalabad, Pakistan and molecular studies were carried out at Texas A & M 

AgriLife Research Centre, Dallas, Texas, USA. 

3.1 Selection of plant material 

The germplasm for present research was collected from nurseries in Pattoki, district 

Kasur, Punjab, Pakistan. For this purpose, survey was conducted in search of hip bearing hybrid 

roses as hip production is very important for successful cross. Those cultivars were selected who 

preformed better for growth and flowering and produce hips and seeds in this region. After 

careful observation about field performance for their hip production status, cultivars were 

transferred to Rose experimental area, University of Agriculture, Faisalabad as shown in the 

figure 3.1. All selected cultivars are tetraploid except cv. “Iceberg” which is triploid. Previously, 

no phylogenetic relationship has developed and studies are not performed for cross 

compatabilities among selected cultivars although a lot of work on rose breeding has done by 

commercial companies and researchers on other Rosa species only. This study also provided 

opportunity to develop phylogenetic relation among selected cultiavrs and their hybrids on the 

basis of morphological and genetic diversity studies.  

                                                                                 

           Figure: 3.1: Layout plan for the selected cultivars used as parents.        
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3. 2 Morphological Description of the Cultivars used as parents 

3.2.1 Autumn Sunset 

Malcolm Lowe (1986); Parentage: Sport of Westerland ('Friedrich Worlein' x 'Circus'), 

Tetraploid  

This great shrub belongs to floribunda, with upright semi trailing growth habit. It 

produces orange buds which are changed to semi-double and full-double blooms. The same 

blooms change color from orange to peach and yellow, showing its different hues in the yard. 

The shrubs bloom heavily starting from spring to early fall which ultimately turns into round 

yellow hips. It is hardy to diseases and insects. In the landscape it is used as container plant, to 

screen the view and to give mass impact. The comparsison of the traits of the cultivars is 

presented in the table 3.1. 

3.2.2 Iceberg  

R. Kordes (1956); Parentage: ‘Robin Hood’ x ‘Virgo’: Triplod. 

 This strong growing plant has spreading type growth with the height 1.2 m and spreads of 

1 m. The stems are long and slightly runner like with much glossy pale green foliage. The 

flowers are carried out in large trusses, medium sized, open, double and slightly fragrant. The 

colour of flowers is pure white when fully open but young floral buds are usually light pink.This 

cultivar belonging to group floribunda is well suited either for planting in beds in the line 

plantation in in the form of groups to give the mass impact. This rose is also known as 

‘Schneewittchen’ and ‘Fee des Neiges’ 

3.2.3 Paradise 

Weeks   (1978); Parentage: “Swarthmore × Seedling”; Tetraploid 

 It is also very excellent variety which is grown in the gardens as well as cut flowers. This 

rose has very good growth potential with height of 95 cm and spread of about 90 cm. Another 

important character of this hybrid tea cultivar is that it is slightly resistant to diseases. The young 

floral buds are silvery to lavender in color. The edges of the petals changes to ruby red as it 

mature. The blooms are slightly scented and borne amid glossy with deep green leaves. 
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3.2.4 Louise Odier 

Jacques-Julien, Jules Margottin Père and Fils (1851); Seedling of Emile Courtier, 

tetraploid. 

 This old garden rose is one of the very attractive of all bourbons. This rose cultivar has 

height of 1.5 m and spreads about 1.2 m. The beautifully formed, cupped flowers are full of 

evenly arranged, rich pink petals shaded with lilac colour. They also have the added attraction of 

a strong delicious sweet fragrance. Flower is continuously produced through out the growing 

season. 

3.2.5 Angel Face 

Swim and Weeks (1968); Parentage: (‘Circus’ x 'Lavender Pinocchio') x 'Sterling Silver, 

Tetraploid 

 Angel Face is important for its lovely fragrance and belonging to floribunda group. 

Fantastic rose for mass planting, it only grows about a meter high and width of about 1.4 meter. 

The flowers are open shape with single to double whorl of attractive petals. Recurrent flowering 

in rich deep mauve and petals with a wavy edges remains almost the year. Canes grow straight 

up with less lateral branching habit. It is used for group plantation, fragrance and for focalization 

in the landscape. It is almost hardy to high temperature and diseases. 

 

3.2.6 Casino 

McGreedy (1963); Parentage: “Coral Dawn x Buccanee”, Tetraploid 

 This floribunda rose has climbing growth habit. The yellow flowers are round, full 

double with fragrance. The outer petals are large and inner whorls are smaller in size and 

envelop the anther inside and it seams open quartered rosette. It is very sensitive to thrips and 

fungal diseases due to its succulent branches and showy leaves. This rose spreads to the height of 

about 3 meter and width of about 1.5 meter. The long canes help to maintain its trailing and 

climbing habit even when it is grown in the field. In the gardens it is used to give mass impact 

and to trail on balconies, however group plantation is preferred. 
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3.2.7 Grand Margina 

Parentage: unknown, Tetraploid 

 This is the hip bearing cultivar belonging to floribunda. It is medium sized cultivar 

having height of 1.4 meter and canopy of 1 meter spread. It produces orange yellow flowers in 

cluster. They turn light pink in colour as time passes. It is good hip producer but is sensitive to 

diseases. It is used in outdoor landscape in beds and in containers it blushes of colours gives 

mass impact to the viewers. 

 

3. 2. 8 Handel 

McGredy (1965); Parentage: ‘Columbine’ x ‘Heidelberg’; Tetraploid 

 Handel is an eye catching, large flowered climber with the height of 3 meter and long 

cylindrical canes. The buds in tight stage are creamy, slightly fragrant flushes pink having edges 

deep pink. Flowering continues over a long period. The foliage is dark green, glossy and tinted 

bronze. It is best when planted to climb a pillar It can also be grown in the large beds but require 

severe pruning in the dormant season.  

 

3. 2. 9 Gruss an Teplitz 

Rudolf Geschwind (1897); Parentage: “Sir Joseph Paxton’ × ‘Fellenberg’ ) × ‘Papa 

Gontier’, Tetraploid 

 A hybrid of Rosa chinensis with scented and crimson red flowers which become darker 

as it matures. It behaves as small climber, but it is grown as shrub in the gardens for mass 

plantation, container plant and for fragrance. It is commercial crop in Pakistan as its flowers are 

used for making garlands and on religious and social events. Its height is 2 meter and spread is 

about 1.5 meter. It is resistant to diseases and insects; hence it is fully acclimatized in sub-

tropical areas of Pakistan  
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Table 3.1: Description of the selected cultivars 

Cultivar (Class) Origin Breeder Name Parentage Ploidy level Significant  traits 

Autumn Sunset 

(Floribunda) 

1986 Malcolm Lowe Sport of Westerlan 

(Friedrich Worlein x Circus) 

Tetraploid Excellent Hip producer, Compact round 

shape, Long blooming period 

Orange to parch yellowSemi-double & full 

double bloom, Hardy to disease and insects, 

Use as garden and container plant. 

Iceberg 

(Floribunda) 

1956 R. Kordes Robin Hood x Virgo Triploid Moderately hip producer, spreading growth, 

medium size double flowers, Excellent long 

bloomer, use in beds and line plantation 

Paradise 

(Hybrid Tea) 

1978 Weeks Swarthmore x Seedling Tetraploid Moderately hip producer, Lavender color 

vigorous bloom, slightly resistant to diseases, 

compact bushy growth. Used as cut flower 

and in the garden. 

Angel face 

(Floribunda) 

1968 Swim & weeks (Cicus x Lavender Pinocchio) 

x Sterling Silver 

Tetraploid Good hip producer, Upright growing habit, 

semi to double mauve color fragrant flowers, 

use in group plantation and landscape. 

Louise Odier 

(Bourbon Roses) 

1851 Jacques-Julien,  

Jules Margottin 

Pere and Fils 

Seedling of Emile Courtier Tetraploid Moderately hip producer, open spreading 

bushes with long bolloming habit. Rich pink 

and fragrant bloom 

Casino 

(Floribunda) 

1963 McGreedy Coral Dawn x Buccanee Tetraploid Moderately hip producer, climing growth 

habit, produces double fragrant yellow 

flowers. Sensitive to thrips and diseases. 

Planted in gardens for mass imopact 
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Table 3.1 continued 

Grand Margina 

(Floribunda) 

Unknown Unknown Unknown Tetraploid Good hip producer, bushes are copact with 

orange yellow flowers, later they turn pink. 

Sensitive to diseases 

Use in outdoor landscape in beds. 

Handel 

(Floribunda) 

1965 McGreedy Columbine x Heidelberg Tetraploid Excellent hip producer, with 

trailing/climbing growth habit, produces pink 

slightly fragrant flowers. Used as ground 

cover and for trellies along the walls.  

Gruss an Teplitz 1897 Rudolf 

Geschwind  

Sir Joseph Paxton x 

Fellengberg 

 Excellent hip producer, very long blooming 

period, upright open growth habit. Highly 

admired for redish pink color of fragrant 

flowers. Used to make garlands and also use 

in landcspe. Moderately heat and disease 

tolerant. 



 67

3.3  Evaluation of hip bearing rose cultivars under Faisalabad climatic     

conditions and their morphological description.  

 Selected hip bearing Rosa x hybrida cultivars were planted in March, 2007, in 

Institute of Horticultural sciences at Rose field by adopting RCBD layout plan as shown in 

figure 3. They were allowed to grow during the year to get full acclimatization and vigor. In 

the month of November, all cultivars were headed back to a height of 9” from the ground 

level. Equal amount of farm yard manure and potash fertilizers were applied after pruning 

and before the start of new flushes. The field was irrigated at 15 days interval by canal water.  

3.3.1 Qualitative Traits 

 Data regarding the Qualitative traits recorded in the month of March, 2008. The 

comprehensive summary of the traits is presented in the table 3.2.  To collect the data 

regarding leaf traits, 5 mature pinnate were selected randomly from middle to bottom region 

of plant (Riaz, 2006) 

Leaf (Foliage) Traits 

3.3.1.1 Leaf Color  

 Leaf color was recorded by comparing them with color chart (Riaz, 2006) 

3.3.1.2 Leaf margins  

 Leaf margins were recorded as serrated or unserrated after visually observations. 

3.3.1.3 Leaf hairiness 

 Leaf hairiness was observed visually. It was mentioned as positive (+) for its presence 

and if absent then it was mentioned as negative (-). 

3.3.1.4. Petiole pubescence 

 If it was present then positive (+) if abecent then it was regarded as negative (-). 

3.3.1.5 Flower Colour  

 Flower color was estimated by comparing with color chart. It was estimated when    

flowers were fully opened and turned their petals outward (Riaz, 2006) 

3.3.1.6 Inflorescence type 

 Flowers were classified on the basis of solitary or clustered on a common stalk. 

3.3.1.7   Bush shape 

Bush shape was considered as compact and regular, open and scattering with 

intermediate rating levels. Rating consisted of the following levels (Boronkay, 2006) 
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1. With well developed, compact and regular bush shape having uniformity in branching. 

2. With good compact shape having few irregular branches. 

3. With semi- compact shape having irregular branching patterns. 

4. With open scattering framework of branches. 

3. 3. 1. 8 Fragrance 

It was evaluated by judges with rating scale as follows: 

1= Highly fragrant 

2= Medium fragrant 

3= Less fragrant 

4= No fragrance 

3. 3.1.9 Prickles 

 It was calculated by using rating scale; 

1 = With no prickles 

2= Very few prickles 

3= Medium number of prickles 

4= High number of prickles. 

3.3.1.10 Overall performance 

 A scale was developed to check the overall performance of the bushes of all cultivars 

as was developed by Shupert (2007) however certain modifications were done.  

 The scale consisted of the following rating: 

1= With good healthy, compact shape and more recurrent flowering intensity 

2= With average growth, semi-compact shape and good flowering intensity 

3= With reasonable growth and bush shape and flowering intensity 

4= With stunted growth, irregular bush shape and few flowering intensity 

3.3.2 Quantitative Traits 

3.3.2.1 Number of flowers/ plant 

 During each month all the flowers starting from March to October were counted on 

the three randomly selected bushes of each cultivar. Total number of flowers was considered. 

3.3.2.2 Diameter of Flower (cm) 

 Diameter of flower was measured by vernier caliper with three replicates in each                  

month. 



 69

3.3.2.3 Height of the Plant (m) 

 Height of the plant was measured on monthly basis to check the increment in growth 

per month. It was performed by using meter rod. 

3.3.2.4 Number of primary branches/plant 

 All the main branches emerging from previous year hard wood buds after pruning 

were counted under this parameter.  

3.3.2.5 Number of petals/flower 

Three flowers from different bushes of the same cultivar during the early period of 

blooming were selected and their average was computed. 

3.3. 2.6 Flower persistence life in the field (days)  

 It was recorded as the field shelf life of flower in field condition by recording the 

days taken from opening of the flower to the start of the senescence on the tagged plants. 

3.3. 2. 7 Leaf (Pinnate) Length (cm)  

 Pinnate length was recorded from base of the leaf to the apex using ordinary scale. 

3.3.2. 8 Length of petals (mm) 

 It was recorded by measuring the length of five randomly selected petals with three 

replications by ordinary scale. 
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Table 3.2 :   Traits, inheritance, genetics and ranges of values as predicted by other researchers. 

Parameters Trait Title Inheritance Genetics Range of Values Citation 

 

 

 

 

 

 

Qualitative 

Leaf Color Recessive gggg-Gggg Dull-Glossy Lamerts, 1945 

Leaf margins Not documented Not documented Cerrated-Uncerrated Shupert, 2005 

Leaf hairiness Not documented Not documented Present-Abscent Shupert, 2005 

Petiole pubiscence Not documented Not documented Present-Abscent Shupert, 2005 

Flower color Red to pink 

Light pink-pink 

White-colored 

rr-Rr 

pp-Pp 

ww-Ww 

Pink-White Debener, 1999 

Shupert, 2005 

Lamerts, 1945 

Inflorescence type Quantitative 6 (cQTL) regions Solitary-Clustered Kawamura et al., 2011 

Bush shape Polygenic ….. Open upright- Compct round Lal et al., 1982 

Fragrance Quantitative Controoled by 

major locus 

Present-Abscent Cherri-Martin et al., 2007 

Prickles (Pricklesness) Single revessive  Present-Abscent  

Quantitative Number of flowers 

(Recurrent blooming) 

Single recessive rr-Rr Recurrent blooming-Non recurrent 

blooming 

Crespel et al., 2002 

Zlesak, 2006 

Height of bushes Qualitative Dominnat gene 

for dwarf type 

Dwarf- Tall Zlesak, 2006 

Number of primary 

branches/plant 

Intermediate 

Polygenic 

    ……. Axillary shoots Lal et al., 1982 

Number of  petals /flower 

(Doubleness) 

Dominat  

Quantitative 

dddd-DDDd Single-Double Lamerts, 1945 

Leaf length Quantitative  ………… 5-7 leaflet Shupert, 2007 

Length of petals (Bud 

length) 

Dominant  

(Quantitative) 

LLLl-llll Long-very short bud Lamerts, 1945 

Lal et al., 1982 
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3.3.3 Statistical Analysis 

 Data were subjected to analysis of variance, mean comparison was conducted through 

Duncan’s multiple range test using statistical package SPSS Ver.15 Genotypic and 

phenotypic coefficients of variation, the square root of the genetic and phenotypic variance 

expressed in percent of the mean, were calculated according to the method of Burton and 

DeVane (1953). Heritability in the broad sense may be defined as the proportion of the total 

variance due to genetic effects. Cluster analysis was conducted with 9 cultivars means of 

variables according to Ward's minimum variance method using statistical software 

STATISTICA ver.8. Variance and relationship between traits of the parent cultivars 

genotypes were further studied by using the principal component analysis concerned with 

explaining the variance- covariance structure through a few linear combinations of the 

original variables. The variables were standardized and the principal component given as 

described by Ouendeba (1991). Correlation among various traits was calculated based on 

quantitative characters. 
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Table 3.3: Color chart used for determining colour shades of rose hips and flowers 

800000 
maroon 

80000 
darkred 

FF0000 
red 

FFB6C1 
lightpink 

DC143C 
crimson 

DB7093 
palevioletred 

FF69B4 
hotpink 

FF1493 
deeppink 

C71585 
mediumvioletred 

800080 
purple 

8B008B 
darkmagenta 

DA70D6 
orchid 

D8BFD8 
thistle 

DDA0DD 
plum 

EE82EE 
violet 

FF00FF 
fuchsia 

FF00FF 
magenta 

BA55D3 
mediumorchid 

9400D3 
darkviolet 

9932CC 
darkorchid 

8A2BE2 
blueviolet 

4B0082 
indigo 

9370DB 
mediumpurple 

6A5ACD 
slateblue 

7B68EE 
mediumslateblue 

00008B 
darkblue 

0000CD 
mediumblue 

0000FF 
blue 

000080 
navy 

191970 
midnightblue 

483D8B 
darkslateblue 

4169E1 
royalblue 

6495ED 
cornflowerblue 

B0C4DE 
lightsteelblue 

F0F8FF 
aliceblue 

F8F8FF 
ghostwhite 

E6E6FA 
lavender 

1E90FF 
dodgerblue 

4682B4 
steelblue 

00BFFF 
deepskyblue 

708090 
slategray 

778899 
lightslategray 

87CEFA 
lightskyblue 

87CEEB 
skyblue 

ADD8E6 
lightblue 

008080 
teal 

008B8B 
darkcyan 

00CED1 
darkturquoise 

00FFFF 
aqua, cyan 

48D1CC 
mediumturquoise 

5F9EA0 
cadetblue 

AFEEEE 
paleturquoise 

E0FFFF 
lightcyan 

F0FFFF 
azure 

20B2AA 
lightseagreen 

40E0D0 
turquoise 

B0E0E6 
powderblue 

2F4F4F 
darkslategray 

7FFFD4 
aquamarine 

00FA9A 
mediumspringgreen 

66CDAA 
mediumaquamarine 

00FF7F 
springgreen 

3CB371 
mediumseagreen 

2E8B57 
seagreen 

32CD32 
limegreen 

006400 
darkgreen 

008000 
green 

00FF00 
lime 

228B22 
forestgreen 

8FBC8F 
darkseagreen 

90EE90 
lightgreen 

98FB98 
palegreen 

F5FFFA 
mintcream 

F0FFF0 
honeydew 

7FFF00 
chartreuse 

7CFC00 
lawngreen 

6B8E23 
olivedrab 

556B2F 
darkolivegreen 

9ACD32 
yellowgreen 

ADFF2F 
greenyellow 

F5F5DC 
beige 

FAF0E6 
linen 

FAFAD2 
lightgoldenrodyellow 

808000 
olive 

FFFF00 
yellow 

FFFFE0 
lightyellow 

FFFFF0 
ivory 

BDB76B 
darkkhaki 

F0E68C 
khaki 

EEE8AA 
palegoldenrod 

F5DEB3 
wheat 

FFD700 
gold 

FFFACD 
lemonchiffon 

FFEFD5 
papayawhip 

B8860B 
darkgoldenrod 

DAA520 
goldenrod 

FAEBD7 
antiquewhite 

FFF8DC 
cornsilk 

FDF5E6 
oldlace 

FFE4B5 
moccasin 

FFDEAD 
navajowhite 

FFA500 
orange 

FFE4C4 
bisque 

D2B48C 
tan 

FF8C00 
darkorange 

DEB887 
burlywood 

8B4513 
saddlebrown 

F4A460 
sandybrown 

FFEBCD 
blanchedalmond 

FFF0F5 
lavenderblush 

FFF5EE 
seashell 

FFFAF0 
floralwhite 

FFFAFA 
snow 

CD853F 
peru 

FFDAB9 
peachpuff 

D2691E 
chocolate 

A0522D 
sienna 

FFA07A 
lightsalmon 

FF7F50 
coral 

E9967A 
darksalmon 

FFE4E1 
mistyrose 

FF4500 
orangered 

FA8072 
salmon 

FF6347 
tomato 

BC8F8F 
rosybrown 

FFC0CB 
pink 

CD5C5C 
indianred 

F08080 
lightcoral 

A52A2A 
brown 

B22222 
firebrick 

000000 
black 

696969 
dimgray 

808080 
gray 

A9A9A9 
darkgray 

C0C0C0 
silver 

D3D3D3 
lightgrey 

DCDCDC 
gainsboro 

F5F5F5 
whitesmoke 

FFFFFF 
white 

 

(http://www.keller.com/html-quickref/4a.html); Riaz, 2006. 
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3.4  Estimation of pollen quantity, viability and germination in vitro, and 
crossing of selected parents and pollen donor parent’s fertility vigor 
evaluation in field 

 

3.4.1 In vitro pollen studies 

 Anthers from tight floral buds from five plants were removed and then were mixed to 

homogenize the sample. From each cultivar ten flowers were randomly selected and 

preceded to anther collection in separate petri dishes. This task was performed in the evening 

before sunset on 4th of March, 2009 at 6 pm. The average minimum temperetuare in the 

evening was 14 oC. The petri dishes were kept in the laboratory at the room temperature (25 
oC± 2 oC) as shown in the figure 3.2  In the morning at the pollen were purified by removing 

dried anther and were kept at 4 oC. 

 

         

     Figure 3.2: Anthers collection and storage at room temperature to shed the pollen grains 
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There are different parameters that determine the potential of the cultivar to be used as male 

parent in any breeding program hence are considered in this study presented in the table 3.4 

and are described as fellows: 

3.4.1.1 Pollen quantity  

 Pollen quantity was estimated as the number of anthers per flower and the number of 

pollen per anther. For this purpose anther of five flowers were counted and their average was 

computed in three repeats. Number of pollens per anther was estimated by haemocytometer 

with three replications (Eti, 1990; Ercisli, 2007) 

3.4.1.2 Pollen viability 

 Pollen viability was estimated by using 1 % acetocarmine according to technique as 

described by Roberts, 1977 and performed by Vasil’eva, 2009. For each cultivar five slides 

were prepared and stained and unstained pollens were counted in the field of the microscope. 

Pollens that darkly stained were considered viable and the pollens that stained not or lightly 

stained were referred as unviable.  Viability percentage was calculated for each cultivar.  

3.4.1.3 Pollen germination 

 For in vitro studies pollen germination was carried out in petri dishes by using 10, 15 

and 20% sucrose in 2 % agar media having three replications for each cultivar at 24 ± 2 oC. 

Pollen was spread uniformly on the medium with a small paint brush. After 24 hours 

incubation pollen germination percentage was counted under contrast phase microscope 

Model: BX41TF, Olympus, Japan at 10 x magnifications. Pollens were considered 

germinated when a pollen tube reached a length of at least 1.5 times the pollen diameter 

(Leus, 2005). The mean pollen germination % was calculated as the germination per total 

number of observed pollen grains on the Petri dish. Pollen tube length was also observed for 

each genotype.  

3.4.1.4 Pollen length, diameter and size 

 Pollen length, diameter and size were recorded by using Contrast phase microscope, 

(Model: BX41TF, Olympus, Japan) at 10 x magnification for each cultivar with three 

replications. For this dry pollen were dusted on a glass slide having no cover slip. Pollens 

were not hydrated as they imbibe water and swell resulting in significant changes in 

diameter, length and size. 
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Table 3.4: Pollen quantity and vigor parameters, measurements and values 

Parameter of Pollen How measured Range of values Reference 

Pollen grain quantity/anther Using 

haemocytometer 

1134-1617 Eti, 1990; Ercisli, 2007 

Pollen grain length (μm) 

    

Using contrast 

phase micriscope at 

×10 M. micrometer 

29.51-52.82 μm 

(In species) x100M 

32.31-52.99 μm 

(Hybrid Tea) x1000M 

Ueda and Tomita, 1989 

 

 

Ueda and Tomita, 1989 

Pollen grain diameter (μm) Using contrast 

phase micriscope at 

×10 M. and 

micrometer 

21.3 μm-40.8 μm 

(In species) x1000M 

18.99-28.7 μm 

(Hybrid Tea) x1000M 

Pipino et al., 2010. 

 

Ueda and Tomita, 1989 

Pollen grain size Using contrast 

phase micriscope at 

×10 M. and 

micrometer 

1.11-1.38 

1.80-195 

Ali et al., 1998 

Ueda and Tomita, 1989 

Pollen grain viablity (%) Using aceto-

carmine staining 

test 

31.88-48.6  % 

    (species) 

27-61%  (H.Tea) 

Ercisli, 2007 

 

Visser et al., 1977 

Pollengrain germination (%) Ivitro Pollen grain 

germination using 

10, 15 and 20% 

sucrose in 2 % agar 

media 

4.71-36.5% 

16.00-38.00 % 

1.54-43.18% 

14-47% ( H. Tea) 

 

Ercisli, 2007 

Richer et al., 2007 

Vasil’eva, 2009 

Visser etl, 1977 

Pollen Tube length (μm) Using contrast 

phase micriscope at 

×10 M. using 

Micrometer 

73.10 -184.20 μm 

(In species roses) 

 

Vasil’eva, 2009 
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Statistical analysis 
           The data were subjected to statistical analysis by using the analysis of variance 

technique considering only the progenies of successful crosses for analysis. Significant 

differences were further subjected to LSD test. Cluster analysis was conducted with 9 parent 

cultivars based on variables for pollen studies according to Ward's linkage Euclidean 

distance method using statistical package STATISTICA ver.8. Variance and relationship 

between pollen traits of the parent cultivars were further studied by using the principal 

component analysis concerned with explaining the variance- covariance structure through a 

few linear combinations of the original variables. 

 
3.4.2  Evaluation of fertility vigor of pollen donor parents in field conditions and 

heterosis studies 
  

Selected hybrid rose cultivars were also evaluated for their fertility status in the field. 

For this all possible cross combination were performed using diallel crossing scheme (Fig. 

3.12). Crossing was performed during the first 10 days of March, 2009, at the rose project 

field in University of Agriculture, Faisalabad, Pakistan. In general, 720 cross combination 

were carried out for this experiment but most of the crosses failed due to many reasons as 

discussed in chapter 2. On of the most important factor for failure of the crosses was high 

temperature regime in the months of May- June (Average 40.1 °C and 40.7 °C respectively) 

leading to the abortion of the hips with emature seeds as described by Visser et al., (1977) 

that high temperature regimes during microgametogensis affect viability and it decreases as 

the temperature increases. Crossing success %age was calculated for each pollen donor 

parent by keeping the effect of environmental factors and female parent constant. A scale 

was developed to estimate the fertility of pollen donor parents with crossing success of 61-

100% are highly fertile, 41-60%= fertile, 21-40%= moderately fertile and 1-20%= low fertile 

or sterile as cirteria of male sterlity was described by Erlanson (1930). In the month of 

August mature hips were collected and dried at room temperature (24±2 oC).  
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                     Figure 3.3: Diallel scheme used for crossing and selfing of parental roses. 

3.4.2.1 Crossing among selected Cultivars 

 The plants of nine hybrid rose varieties were used for diallel crosses. Crossing was 

performed in the month of March, 2009. 

The experiment followed the following procedure: 

A- Selection of Flowers 

 Those roses were selected which were able to be cross-pollinated. The blooms were 

not too tight, about one-half to ¾ of petals were opened. The stamens inside were golden 

yellow and fresh. 

B- Pollen Collection 

 All the petals were peeled off carefully. With sterile tweezers and all the stamens at 

the base were removed carefully, so that the pollen sacs (anthers) were not damaged. Then 

the stamens were placed into separate, clean petri dishes in a dry place, but not in direct 

sunlight. All the petri dishes were labeled with the name of the pollen parent. After a few 

hours (on some varieties), or the next day (on other varieties), the pollen sacs will burst open, 

thereby releasing the pollen. 
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C- Emasculation  

 The selected flowers were emasculated in the evening and were covered with butter 

paper bags.  

D- Crossing 

 The next morning pollination were performed with selected parent’s pollens by 

adopting diallel cross scheme as mentioned in figure 3.3. 

E-Tagging and covering 

 After pollination the flowers were covered with butter paper bags and were tagged 

having parentage. 

Data was collected on the following parameters for heterosis studies: 

3. 4.2.2 Data for Crosses 

3. 4.2.2.1 Days to maturity of hips 

Days taken by the hips to mature after cross pollination were considered in this 

parameter. 

3. 4.2. 2.2 Successful crossing %age 

It was taken as the number of successful crosses divided by total crosses made for 

each combination and the result was multiplied by 100 

3. 4. 2. 2.3 Hip fresh weight 

It was recorded just after harvesting the hips at their maturity. 

3. 4.2. 2. 4 Number of seed per hip 

Number of seeds per hip was recorded for each combination with three repeats. 

3. 4.2. 2. 5 Dry weight of 100 seeds (g) 

Weight of 100 seeds was calculated by electric balance in three repeats. 

3. 4.2. 2.6 Length and width of seeds (mm) 

It was measured by using vernier caliper. 

3. 4.2. 2.7 Pericarp thickness of seeds (mm) 

It was also measured by vernier caliper in three replications. 

3. 4.2. 3 Data of Progenies 

3. 4. 2. 3.1 Number of flowers per plant. 

 Number of flower per plant was calculated for both progenies and parents starting 

from the emergence of the first to the last flower prior to pruning in fall. 
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3. 4. 2. 3. 2 Number of petals per flower 

 Number of well developed petals per flower of parents and progenies was calculated 

by counting the petals of five flowers during active growth period in the month of March. 

Average was calculated.  

3. 4. 2. 3. 3 Flower diameter (cm) 

 For flower diameter five flowers of progenies were selected and diameter was 

calculated by using vernier caliper. 

3. 4. 2. 3.4   Pinnate length (cm) 

It was calculated from the origin of petiole to the tip of final leaf 

3. 4. 2. 3. 5    Height of plant (m) 

Height of plant was measured by meter rod from the base to the apex of plant. 

3. 4. 2. 3. 6    Number of branches per plant 

           It was calculated as the total number of branches arising from the main stem 

 

3. 4. 2. 3. 7    Fragrance 

It was evaluated by judge with rating scale as follows: 

1= Highly fragrant    2= Medium fragran   3= Less fragrant  4= No fragrance 

3. 4. 2. 3. 8 Flower persistence life (Flower longevity in days in field) 

 It was calculated as days starting from the lose bud stage to the start of senescence of 

petals of flower with five replications. 

3. 4. 2. 3. 9 Prickles 

 It was calculated by using rating scale; 

1 = With no prickles     2= Very few prickles   3= Medium number of prickles 

4= High number of prickles. 

3. 4. 2. 3. 10 Overall Performance 

 A scale was developed to check the overall performance of the bushes of all cultivars. 

The scale consisted of the following rating: 

1= With good healthy, compact shape and more recurrent flowering intensity 

2= With average growth, semi-compact shape and good flowering intensity 

3= With reasonable growth and bush shape and flowering intensity 

4= With stunted growth, irregular bush shape and few flowering intensity 
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3. 4. 2. 4 Statistical Analysis and Heterosis estimation 

 The data were subjected to statistical analysis by using the analysis of variance 

technique considering only the progenies of successful crosses for analysis. Significant 

differences were further subjected to LSD test. Cluster analysis was conducted with 9 parent 

cultivars and progenies means of variables for pollen studies according to Ward's linkage 

distance method using software STAISTICA ver. 8.  Diallel could not be successful for 

analysis as most of the diallel cross combinations failed. Only 30 cross combinations out of 

72 were successful. The percent increase or decrease of vigor of F1 hybrids over mid parent 

as well as better parent was calculated to estimate possible vigor related effects for 

parameters under study (Fonseca & Patterson, 1968) using the following formula. 

                                                  

 Ht= Heterosis,         Hbt= Heterobeltiosis   

 MP= Mid Parent Value,    BP= Better Parent Value 

 
3.5  Study the effect of various storage temperatures and treatment of 

Sulphuric Acid in breaking seed dormancy and promoting 
germination 

 

3.5.1 Hip harvest, seed collection and storage 

 For the present study germplasm was collected from different nurseries in Pattoki, 

Pakistan. Selected hybrid rose cultivars including Autumn sunset (V1), Iceberg (V2), 

Paradise (V3), Angel face (V4), Casino (V5), Louise Odier (V6), Grand margina (V7), 

Handel (V8) and Gruss an Teplitz (V9), which bear hips and seeds in this geographical 

region, were planted in the field area of Rose Project, University of Agriculture, Faisalabad 

in 2007. After 2 year of their growth in field selected 9 Rosa hybrida cultivars were diallel 

crossed to obtain the progenies with new contrasting characters. The hips of successful 

crosses were harvested in the month of August, 2009 and stored at room temperature to dry 

(Fig. 3.4a). After 20 days of drying period seeds were extracted manually from hips (Fig. 

3.4b). Whole seed lot was kept for 30days at room temperature (24±2 oC) as a control which 

is considered as warm temperature (Svejda, 1968), chilling temperature at 4 oC for 60 days 
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(T1), 30% H2SO4 for 10 minutes (T2) and combination of these at warm temperature for 30 

days, then chilling temperature at 4 oC for 60 days and finally treating with 30% H2SO4 for 

10 minutes (T3). After washing with distilled water seed lots were tested for viability by 

dipping the seeds in water. Seeds which floated were considered dead and were discarded 

leaving viable sunken seeds. Seeds were sown in the germination media consisting of peat 

moss and sand (3:1) in three repeats by using RCBD statistical scheme. Seeds were finally 

transplanted in the pots with similar media (Fig.3.5 & 3.6) and started blooming after 90 days 

as shown in the figure 3.6. 

3.5.2 Collection of data for hips and seed 

 Data was collected on morphological parameters of hips and seeds of progenies 

resulted from crossing of selected parents with three replications for each parameter. Hip 

fresh weight was collected just after harvesting the hips. Hips were harvested when their 

color was turning to brown followed by yellow (Meyer, 2008).  Length and width of achenes 

and pericarp was measured by Vernier Caliper.    
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3.5.3 Seed germination 

 Germination started after 20 days of sowing. Data regarding germination was 

collected daily till the germination ceased. The seedling was considered germinated when 

cotyledon and hypocotyl was grown to 0.5 cm above the media surface. Germination %age 

was determined as the proportion of the number of germinated seed during whole period and 

total seed sown for each cultivar per treatment. The imbibition period was recorded as the 

number of days from sowing to start of the germination of the achenes. The germination 

period was taken as the total time taken for germination from start of the germination till the 

end of the germination for each treatment and genotype. Seedlings Vigor Index of the 

progenies was estimated according to Abdul-Baki and Anderson (1973) as percent 

germination multiplied by seedling total length i.e. total shoots and root length. 

3.5.3.1 Growth performance of seedlings 

 Performance of seedlings against each treatment was also estimated by taking the 

measurements on morphological parameters. Length of shoot (cm), length of root (cm), 

seedling total length (cm) and root to shoot ratio, internodes distance and number of leaves 

per seedling was measured by ordinary scale during transplantation.  Pectoral description of 

the process of germination in given in the figures 3.5 and 3.6 

                     

Figure 3.4: (A) Hips of cross V3XV1 (b) achenes storage at room temperature. 
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           Figure 3.5: Germination of achene of genotype V3XV9 and seedling 

                     

           Figure 3.6: Transplanting in the pots and flowering of the seedlings 

 

3.5. 4 Statistical analysis 

 Data was analyzed by using statistical software Minitab15. Analysis of variance was 

performed to check the significance of treatments for different parameters. Means were 

compared by LSD test at a probability level of 0.05. Pearson correlation coefficient (r) was 

also computed to check the dependency of variables for seed germination 
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3.6  Hybrid identification and Genetic diversity analysis among Rosa x   
hybrida progenies  

 

3. 6.1 Growth environment of plant material 

 Nine parent genotypes of Rosa x hybrida were diallel crossed to get progenies. 500 

plants were raised from hybrid seeds but in this part of the research project only selected 

genotypes were preferred out of all progeny on the basis of superior morphological 

characters. Parent cultivars were also used in order to compare with progenies. All the 

progenies were raised in lath house (a tunnel having green net instead of polythene) in pots in 

peat moss as a growing medium.  

3. 6. 2 Collection of leaf samples 

 Newly emerged leaves were collected from the selected progenies and parents during 

active period of growth. The leaves were preserved at -80 ˚C until DNA extraction and 

analysis. CTAB method was adopted to extract the DNA from the leaf samples (Doyle et al., 

1990). Following genotypes were used for the present study (Table. 3.5) 

Table 3.5: Selected parents and progenies of Rosa x hybrids for DNA analysis. 

Parent Cult.  Cultivar Name Hybrid Prog. Cross Hybrid Prog. Cross Hybrid Prog. Cross 

V1 Autumn Sunset   H1 ♀ V1XV3♂    H9 ♀V7 XV1♂ H16 ♀V6 X V8♂ 

V2 Iceberg          H2 ♀V1 XV4♂ H10 ♀V9 XV1♂ H17 ♀V6 X V7♂ 

V3 Paradise       H3 ♀V1 XV7♂ H11 ♀V3 XV4♂ H18 ♀V7 X V8♂ 

V4 Angel Face   H4 ♀V1 XV5♂ H12 ♀V3 XV7♂ H19 ♀V7 X V9♂ 

V5 Casino          H5 ♀V1 XV6♂ H13 ♀V3 XV8♂ H20 ♀V8 X V6♂ 

V6 Louise Odier   H6 ♀V3 XV1♂ H14 ♀V4 XV8♂ H21 ♀V8 X V9♂ 

V7 Grand Margina  H7 ♀V8 XV1♂ H15 ♀V4 XV5♂ H22 ♀V9 X V7♂ 

V8 Handel   H8 ♀V6 XV1♂        -----    --------         -------     ------- 

V9 Gruss an Teplitz       

In total, 22 population groups were made consisting of parent cultivars and their hybrid and 

used for estimating genetic diversity among and with in the groups. 

3. 6. 3 DNA extraction protocol 

 The DNA was extracted following the protocol as under: 

1. 2X CTAB (Appendix-I) solution was preheated in a water bath at 65˚C. 

2. 2.8 g of leaf sample was weighed and was grounded to fine powder by liquid 

nitrogen. Then 15ml of preheated 2X CTAB was added and sample was further 

homogenized by pestle and mortar. The mixture was pored in 50ml falcon tube.  
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3. The homogenized samples in the falcon tubes were incubated in a water bath at 

65˚C for 45 minutes. 

4. After incubation in water bath equal volume of Chloroform: Isoamylalchol 

(24:1) was added into the mixture and emulsified by inverting several times and 

were centrifuged at 9,000 rpm for 15 minutes. Mixture was separated into three 

layers. 

5. Supernatant was transferred to new 50 ml falcon tubes and remaining organic 

phase was discarded. 

6. Step 4 & 5 was repeated. 

7. 0.6 Vol. of Chilled Isopropanol was added into the supernatant. After adding 

Iso-propanol in the solution, falcon tube was inverted upside down slowly to 

precipitate the DNA.  

8. Mixture was centrifuged at 9000 rpm for 5 min to make the pellet of 

precipitated DNA and aqueous phase was discarded. 

9. DNA pellet was washed with 70% ethanol twice, air dried and dissolved in 

distilled water in epondorf tubes. 

10. The samples were lyophilized to dry the pallet completely for transportation. 

After lypholization, pallet became foamy. 

11. DNA pellet was re-hydrated with 600 µl of 0.1X TE buffer. 

12. 200 µl of re-hydrated DNA was taken in a new ependorf tubes and was and 

more 200 µl 0.1X TE buffer was added and placed overnight. 

13.  1 µl of stock RNase per 20 µl of re-hydrated DNA solution was added into the 

above mixture and incubated at 37 oC.  

14. 400 µl of Phenol: Chloroform, premixed with Isoamylalchol (25:24:1)   was 

added to the solution and mixed vigorously for 15 minutes to dissolve any 

sugars and phenolics. 

15. Above mixture was centrifuged at 14,000rpm for 20 minutes. Supernatant was 

separated into new ependorf tube. 

16. Again, 400 µl Chloroform:Isoamylalchol (24:1) was added to the supernatant 

and was shacked well to mix the components for 10 minutes. Mixture was 

centrifuged at 14000 rpm for 15 minutes.  
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17. Supernatant was separated and 1/10 volume of 3M Na acetate was added to the 

supernatant and tubes were inverted gently.  

18. 2 Volumes of chilled pure ethanol were added to the supernatant and by 

inverting tubes upside down slowly for several times, DNA was precipitated. 

Tubes containing precipitated DNA were centrifuged at 8,000 rpm for 5 minutes 

to separate the DNA pallet.  

19. Pellet was washed twice with 70% ethanol and dried at room temperature.  

20. DNA pallet was dissolved in 0.1X TE buffer according to the size of pallet, 

allowed to dissolve and centrifuged to make final working solution of DNA. 

3.6.4 Microsatellite analysis 

 In this study 31 genotypes (9 parents and 22 hybirds) were screened for their 

genotypic variation with SSR primers (Oyant et al., 2008; Yan et al., 2005; Whitaker et al., 

2010). In total 28 microsatelliete primers (Table, 3.7) were screened to select polymorphic 

primers for analysis. Of these 28 SSR primers, 10 primers showed polymorphism were 

selected for further analysis.  Total reaction volume of PCR recipe was 10 µl consisting of 1 

µl of genomic DNA, 2 µl of GeneAmp 5x buffer, 1 µl of dNTPs (2 µM each), 1 µl of F/R 

primer (2 µM), 0.05 µl of AmpliTaq Gold® DNA polymerase and 5 µl distilled water. To 

protect evaporation during PCR reaction, one drop of mineral oil was added in the PCR tube 

to cover the reactants. Three thermal profiles were checked for optimization of PCR were 

evaluated but thermal profile 95oC for 3 min, followed by 35 cycles of 94oC for 40 s, 55oC 

for 30 s, and 72oC for 40 s, and a final extension at 72oC for 1 min and was considered the 

best. PCR amplification was conducted in 0.2-ml 12-strip tubes using Mycycler Themal 

Cycler (BIO-RAD, USA). The PCR product was separated by capillary electrophoresis on 

QIAxcel DNA Analyzer (QIAGEN, USA) using a 25-bp DNA step ladder to allow consistent 

allele size calling for all loci and samples tested. 

The primers were chosen based on the three considerations: 

1. Allele size. The QIAxcel system has alignment marker and size marker when 

separate target loci. The alignment marker is 15-500 bp and the size marker is 25 bp ladder 

with range of 25-450 bp. So the expect size of primer selected should not be over 450 bp. 
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2. Allele number.  Because rose is polyploidy from 2x to 8x, there are multiple 

amplicons for most of loci in the literatures. To be simplify use of the analysis software, we 

consider to use primers which have less allele numbers (<=4). 

3. Distribution. Rose has 7 chromosomes. We tried to choose primers from the genome wide, 

i.e. primers distributed throughout the genome as possible. All these loci were mapped on 

chromosomes in the cited references (Table 3.6).  

There is no relationship but they all primers are from the different chromosomes. Because we 

mainly considered our QIAxcel system (i.e. allele size) and analysis software (i.e. allele 

number), so all primers have no linear relationship. Selection of these promers was made to 

simplify the SSR analysis on research to use few primers and maximize the polymorphism 

among the germplasm. 

3.6.5 Statistical analysis 

 Data from ten SSR loci were arranged for the groups of population. Each population 

group consisted of both male and female parent and one hybrid plant sample. Similarly all 

hybrids were constituted with their respective parents in separate groups. Population groups 

were analyzed for shared allele frequencies. Among population group variation was 

calculated with in the individual groups by comparing effective number of alleles to 

difference in allele’s frequencies with in groups. Hybrids were also identified on the basis of 

shared alleles for specific locus by comparing with their parents (Cao et al., 2009). Diversity 

with in parent cultivars and among the parent and hybrid was calculated with respect to Nei’s 

(1987) estimator of heterozygosity and unbiased gene diversity per locus using FSTAT 

Software (Goudet, 1995; Saitou and Nei, 1987).  Genetic diversity (Ho) among various loci 

for all population and diversity within and between populations were calculated with respect 

to total gene diversity (Ht) and average gene diversity within (Hs) and between groups (Dst). 

Genetic differentiation between groups (Gst) was measured for genotypic difference 

comparison.  

Cluster analysis was carried out for phenatic relationship by using Population 1.2.30 software 

(Langella, 2002). A dendogram showing genetic similarity and differences among all groups 

was made by unweighted pair group method with arithmetic mean (UPGMA) with 100 

bootstrap replicates (Saitou and Nei, 1987; Takezaki and Nei, 1996). Dendrograms were 

visualized with TreeView 1.6.6 (Page, 1996). 
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Table 3.6:  Primer name and sequence used for the SSR analysis 

Old name Sequence New name 
Rh48F, GATAGTTTCTCTGTACCCCACCTA  Rh48 
Rh48R, TTGACCAGCTGCAACAAAATTAGA    
Rh78F, AAAGAAACGCGAAATCTATGATGC  Rh78 
Rh78R, TCTGGATGGGATTTAAAAGACAGG    
Rh80F,  CATGCCAAACGAAATGAGTTA  Rh80 
Rh80R, TTATCTAAAGGGCTGCTGTAAGTT    
RhB510F, AAACGATAGGTGAATCTGTGGGT  RhB 
RhB510R, CACTCAACCTTGTCCACTCCTAAT    
155F, GAAAAGAACGAGGGGTTTCC 155 
155R, ACGGTCGGTAATCAAGATGC   
69E24F, TCAGGTGGGTGAGCTTCAAT 69E 
69E24R,  TGATTAGCTTGCCGGTTCTT   
RMS015F,  TAATGTAGGCAGATATAAAGGAGT  RMS 
RMS015R, GCAGCTGCACAACAAGGAA   
Rw5G14F, TGGTTTGGGGTTTTGTGTCT Rw5 
Rw5G14R, GCACAGTCTCCACCTGACAA   
Rw12J12F, CAGTGTCCATGCTGACGAGT Rw12 
Rw12J12R, TGCTCCTGTTTTCTCTTTGCT   
Rw15D15F, CGGCTAGCAATCAGTGACAA Rw15 
Rw15D15R, GGTCTTCCCTAATGCCCAAT   
Rw16E19F, CCAACAAACACGAGGAATGA Rw16 
Rw16E19R, CCACACTGATGTTCCAGCAC   
Rw20I17F, TTCCTCTTCTCCTCCCTCGT Rw20 
Rw20I17R, AGCAGTTTCCTGGCGAGTTA   
Rw23F13F, TGCATTCATCCCTCTCACTG Rw23 
Rw23F13R, TCAAATGCATGCTGAAAGGA   
Rw34L6F, CTCCTTTAGACTCGGGACCA Rw34 
Rw34L6R, CAGGCACGCCATTTCTAACT   
Rw52D4F, GGCAGTTGCTGTGCAGTG Rw52 
Rw52D4R, TTGTGCCGACTCAAAATCAA   
Rw54N22F, CTCAACTTCCCCGCCTTATC Rw54 
Rw54N22R, CTCGGCAGCTCCACTATCTC   
Rw55E12F, CGGTGGTTGGACATTAAAGC Rw55 
Rw55E12R, GGAGGCAACAGCACACTCTC   
Rw59A12F, GGAAGGTGCGTATGCAAAAT Rw59 
Rw59A12R, GAGAGGCTCATGCGCTTTAT   
C172F, ACAACACCAACTAGAACTTGAGC C172 
C172R, GCTCAACAGCAACAACCTCA   
CL2002F, GAAGCAGGGAAGATCCATGA CL2 
CL2002R, GGCCCAATGCTCACACTAAT   
CL2996F, GCCACCATAGCCAGAGACAT CL9 
CL2996R, GGGCAGAGAAGAAGTTGACG   
CTG356F, GTCATCAAGGAGGACCAGGA CTG 
CTG356R, GATCAGCGACCACCATGTC   
H2F12F, TGGCCAACCTCTCTCTGTCT H2 
H2F12R, TCCCAGCTTCGCTTTGTTAT   
H5F12F, CACAGAAACGAAGCGCAGTA H5 
H5F12R, GCTCGAAGAAGTCCTGGATG   
H10D03F, CAATTCAAAACCACCGCTCT H10 
H10D03R, CGCAGAGTCAACGAACCATA   
H20G01F, CCCCTCCCTCTCTCTCTACAA H20 
H20G01R, TGATGAGGTTGTTTGCGATG   
H22F01F, ACCATTTCCGAGCGACTCTA H22 
H22F01R, GAGGAGGAGGTGTGAATGGA   
H23O17F, ACACCAAGCAAACCAAAACC H23 
H23O17R, AGCACGAAAACCGAGAGAGA   

(Oyant et al., 2008; Yan et al., 2005; Whitaker et al., 2010) 
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Chapter-4                                                                                              

RESULTS 

Data regarding four experiments was analyzed for results in the present research project. This 

chapter consists of the results of all experiments under study. 

4.1  Evaluation of Hip bearing Rose Cultivars under Faisalabad Climatic 
Conditions and their Morphological description. 

  
 This experiment was laid out to evaluate the parent cultivars for their morphological 

and yield traits under local climatic conditions.  

4.1.1 Qualitative Traits 

4.1.1.1 Foliage 

 Data regarding qualitative traits is presented in the table 4.1.1. Foliage characters 

varied visually among all cultivars. Foliage color of cultivar Autumn Sunset and Handel was 

same as dull green and glossy. Foliage of other cultivars varied from pale green to dull green. 

Most attractive foliage was exhibited by cultivar Iceberg with excellent light green and 

glossy foliage with sharp apices. Leaf margins of all cultivars varied from un-serrated to 

highly serrated. Leaves in Cultivar Casino and Autumn Sunset were slightly serrated as 

compared to cultivars Paradise, Angel Face, Louise Odier, Grand Margina and Gruss an 

Teplitz having highly serrated leaves. Leaf hairiness and petiole pubescence was shown in 

the cultivars Autumn Sunset, Angel Face, Casino and Gruss- an-Teplitz. Leaf hairiness and 

petiole pubescence was absent in the cultivars Iceberg and Louise Odier. Similar variations 

were observed in other cultivars as well. Zlesak (2006) stated that foliage among roses varies 

greatly in size, texture, and color. Torre (2003) stated that hybrid tea roses generally bear 

compound leaves with 5-7 leaflets in contrast to Asiatic species which may bear upto 19 

leaflets. Lammerts (1945b) stated that foliage with a shiny cuticle is generally acceptable and 

is dominant to a dull cuticle and the season-long, reddish-purple coloration of the foliage of 

R. glauca Pourret is readily transmitted to progeny (Wright, 1947).The inheritance of leaf 

hairiness, leaf margins and petiole pubescence id not yet documented (Shupert, 2005)  

4.1.1.2 Floral Traits  

 Observation on flowers color resulted in a lot of variation. The color of each cultivar 

was estimated by comparing with color chart and is presented in table 4.1.1. Most of the 
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cultivars exhibited clustered inflorescence showing bunches of flowers on a peduncle. The 

cultivars Autumn Sunset, Iceberg, Angle Face, Casino, Louise Odier Grand Margina, Handel 

and Gruss an Teplitz showed clustered inflorescence. In Cultivar “Paradise” solitary 

inflorescence was recorded.  Krussmann (1981) stated that modern roses come in a wide 

array of colors and color combinations. Moreover, Ferrante et al. (2010) argued that 

environmental condititions espacilly light and temperature affect the flowering process and 

flower color intensity is directly correlated with solar radiation. Plaut et al. (1979) stated that 

under cooler conditions roses develop dark pigmentation of petals due to higher anthocyanin 

synthesis. Similary, Dela et al. (2003) explained that exposure of roses to high temperature 

(>39 °C) reduces the synthesis of the anthocyanin and leads to the light coloration of the 

petals.  De Vries and Dubois (1980) and de Vries et al., (1980) used cultivars which varied in 

pigment composition for breeding studies and found that the gene action of pigment genes in 

modern roses is generally additive. These results are in ccordance with Shupert (2005) who 

argued that in the segregating population wide ranges of colors are observed due to 

heterozygous nature of the parents.  

Table 4.1.1: Description of Qualitative traits of selected parent cultivars 

Leaf traits/ 

Cultivar 

Autumn 

Sunset 

Ice Paradise Angel Casino Louise Grand Handel Gruss- 

Berg Face Odier Margina Antepletz 

Leaf color Dark green Pale 

green, 

glossy 

Dark green, 

semi glossy 

Dull  Pale Light 

green,  

Dull Dark 

green 

Light green, 

pink blush, 

glossy  glossy green green Glossy Green glossy 

  glossy    

Leaf Margins Partially Un-

Serrated 

Serrated Serrated Partially 

Serrated 

Serrated Serrated Serrated Serrated 

Serrated 

Leaf hairiness +      -     -     +    +      -     -   +    + 

Petiole 

pubescence 

+   -    +   +    +      -     +    -    + 

Floral Traits          

Flower color Yellow 

with pink 

blush 

Snow Lavender Plum Yellow Hot pink Yellow Hot Deep 

White mauve With pink 

bush 

pink pink 

Inflorescence 

type 

Clustered Clustered Solitary Clustered Solitary Clustered Clustered Clustered Clustered 

clustered 
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4.1.1. 3 Bush Shape 

 Bush shape varied significantly among all cultivars as depicted by ANOVA as 

predicted from the table 4.1.2. Bush shape was also recorded using rating scale having value 

1 as compact and regular shape and 5 with open, irregular and scattering growth habit. 

Comparison of means revealed that excellent bush shape was exhibited in the cultivar 

“Iceberg” with compact, regular and dense growing habit getting 1.75 scores followed by 

Cultivar “Autumn Sunset” (2.25) (Figure 4.1.1). Performance of cultivar “Handel” with 

respect to Bush shape was not satisfactory as it got 4.75 scores leading to irregular, scattering 

and creeping growth habit as presented in the table 4.1.7. Bush shape is represented in the 

form of climing growth habibit (dominant) to non climing and dwarf (dominant) to nonwarf 

types as these traitstraits are controlled at the same locus (Dubois and Vries, 1987; Zlesak, 

2006). In a mapping study Rajapakse et al. (2001) argued that when a spreading bush growth 

type was crossed with a sprawling ground cover growth type the resultant F1 plant was of an 

intermediate growth type. Upon selfing the F1 plant, the F2 segregated for all three types in a 

ratio to suggest that these forms were inherited co dominantly. Lal et al. (1982) argued that 

plant spread has polygenic inheritance with a broad sense of hearitability (h2 = 0.88–0.95). 

4.1.1.4 Fragrance 

 Fragrance was recorded in the form of rating scale in between 1 and 4 having value 1 

with maximum fragrance and 4 with minimum. Results of ANOVA (Table 4.1.2) showed 

highly significant results (P<0.001) for varying amount of fragrance in all cultivars as 

presented in the table 4.1.7. Maximum amount of fragrance was recorded in the cultivar 

Grand Margina with a mean value of (1.5) followed by “Gruss-an-Tepletz” (1.75) and 

“Paradise” (2.00). Very less amount of fragrance (3.5) was recorded in the cultivar Casino 

(figure 4.1.1). Variations in fragrance can be attributed to gentic makeup of the cultivars and 

environmental conditions as Sagae et al. (2008) while studying the affect of temperature on 

the fragrance of petunia flowers concluded that the total endogenous amount of scent 

components decreased as the temperature increased, the total emission showing a peak at 30 

°C. Cherri-Martin et al., (2007) studied that population of Bo × Anna (Tetraploid roses) and 

concluded that fragrance is controlled by major gene and is quantitative (Lamerts, 1945) 

which in turns affect the presence and absence of monoterpene alcohols and aldehyde 

pathways.  
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4.1.1.5 Prickles (Thorns) 

 Data for prickles was also calculated by using rating scale. ANOVA showed that the 

performance of all cultivars with respect to prickles did not vary significantly (Table 4.1.2). 

However maximum prickles (scoring 3.5) were present in the cultivar “Grand Margina”. All 

other cultivars behaved in a similar fashion with respect to amount of prickles scoring 

between 2 and 2.5. Variations in the amount of prickles is due the the genetic makeup of each 

cultivar. The presence of stem prickles has been reported to be controlled by a dominant gene 

(recessive conditions no stem prickles) at one locus in rose (Debener, 1999; Debener, 2003; 

Rajapakse et al., 2001).   

4.1.1.6 Overall Performance 

 Results from ANOVA in the table 4.1.2 indicated that all the cultivars showed highly 

significant differences (P<0.001) with respect to overall performance. It was also estimated 

by using rating scale. i.e rating 1 with excellent performance and 4 with poor performance 

having stunted growth.  Better performance on overall basis was shown by the cultivar V1 

(2.5) and V9 (2.5). Poor performance was exhibited by the cultivar “Louise Odier” (Figure 

4.1.1). Vigor of any cultivar is the product of the performance of various growth and yield 

attributes is also afftced by environment and is quantitative controlled by various loci (Yan et 

al., 2007). Shin et al. (2001) stated that Leaf area, stem length, chlorophyll contents and stem 

diameter generally increased with decreasing temperature, but the best quality stem was 

observed at 18°C which in turns affect the oveall performace of the bushes. Further more 

Hassanein (2010) stated that extent and time of pruning also affect the overall performance of 

garden roses. Moreover temperature and light flauctuations greatly contributed to the 

performance of the roses (Mor and Halevy, 1984). 

4.1.2 Quantitative Traits 

4.1.2.1 Number of flower per plant 

 Data regarding number of flower per plant per month showed that there were 

significant variations (P<0.001) as predicted by ANOVA in the table 4.1.3. Maximum 

number of flower per bush (39.75) were produced by the cultivar Iceberg flowed by cultivar 

Angel Face (31.031) (Figure 4.1.2). Minimum number of flowers (8.688) was produced by 

the cultivar Autumn Sunset (Table 4.1.7) however great variations were observed with 
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respect to flower production in each month. Maximum number of flowers per bush was 

produced in the month of March with a mean value of 19.639 followed by April with mean 

number of flower per bush of 18.862 (Table 4.1.8). The interaction of cultivars and month 

was also significant (P<0.001) as maximum number of flower per bush were produced by the 

cultivar Iceberg in the month of March followed by the cultivar Angel Face, however the 

performance of Iceberg in most of the months except June and July was excellent. 

Performance of cultivar Handel (V8) was not satisfactory as in the month of June it produced 

only 5.25 flowers per bush as shown in the figure 4.1.4. The results of the present study 

correlate with findings of Anderson et al. (1992) who observed that Rosa hybrida cv. Victory 

Parade produced maximum flowers per plant (22.0) whereas cv. Dreaming Parade fewest 

(10.0). Mulla et al. (1994) studied the growth and flowering characteristics of 32 exotic rose 

cultivars and concluded that cv. Janina produced maximum yield (187.6 flowers) and is best 

for garden purposes as compred to all other cultivrs. Number of flowers per bush depends on 

the recurrent blooming character and repeat flowering in the modern roses and these 

characters are controlled by genes as nonrecurrent is dominat to recurrent and repeat 

flowering ability is also controlled by dominat gene (deVries and Dubois, 1984; Debener 

1999).   

4.1.2.2 Diameter of flowers (cm) 

 Diameter of flower varied significantly (P<0.001) among all cultivars as predicted 

from the table 4.1.4 and according to each month variations in flower diameter were 

observed in each cultivar (Table 4.1.7 and 4.1.8). Maximum mean flower diameter was 

exhibited by the cultivar Grand Margina (5.76 cm) followed by the cultivar Louise Odier 

(5.37 cm). Minimum flower diameter (4.33 cm) was observed in the cultivar Autumn Sunset. 

Diameter of flower also varied according to each month (Figure 4.1.3) as maximum flower 

diameter was calculated in the month of March (5.38 cm) followed by October (5.27 cm) 

however minimum diameter of flower was calculated in the month of May and June  (4.59 

cm) as shown in the table 4.1.8. Interaction of months and cultivars was not significant. 

These results correlate with findings of Tabassum et al. (2002) while working of different 

hybrid tea roses got flower diameter 5.17 cm to 7.93 cm in cvs Regret Berg and Alexndra.  

Manjula (2005) while working on performance of hybrid rose cultivars revealed that the 
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cultivars variation recorded in different flowering characters may be due to differences in the 

inherent make up of these cultivars and environmental conditions.  

4.1.2.3 Height of the Plant (m) 

 Data regarding height of the plant collected on monthly basis revealed that the 

cultivars and months exhibited significant differences in height of the bush as predicted from 

the ANOVA (Table 4.1.6). The interaction between cultivars and months was also significant 

(P<0.001). Height of the plant of all cultivars varied with respect to months.  Maximum 

mean height (1.7261 m) was observed in the cultivar Handel followed by Gruss an Teplitz 

(1.51 M) and Ice Beg (0.89 M). Minimum bush height (0.5917 m) was yielded in cultivar 

Louise Odier. Maximum height (1.13 m) on average basis was recorded in the month of 

November and minimum (.639 m) in the month of April as presented in the table 4.1.8. 

However on overall basis interaction between cultivars and months revealed that maximum 

plant height (2.12 m) was observed in cultivar Handel in the month of November and 

minimum (0.477m) was yielded by cultivar Louise Odier in the month of March (Figure 

4.1.6). Vraitaion in plant heigt are in accordance to the findings of Tabassum et al. (2002) 

who studied the reponse of various hybrid tea cultivars and observed 0.871m to 1.39 m 

height in the bushes in the climate of D.I Khan, Pakistan. Possible cause of the variation in 

response of cultivars is environmental change, genetic and management factors as Bernier et 

al. (1993) explained that environmental factors (e.g. irradiance, photoperiod, temperature, 

water availability) are important for the purpose of controlling the transition to flowering in 

plants. 

4.1.2.4 Number of Primary branches per plant 

 Results of ANOVA showed that cultivars and months depicted highly significant 

(P<0.001) results with respect to number of primary branches per plant (Table 4.1.5). 

However the interaction between cultivars and months did not revealed highly significant 

results (P>0.001). Maximum numbers of primary branches (17.8) were yielded in the cultivar 

Gruss an Teplitz followed by Iceberg. Minimum primary branches (9.2) were yielded by the 

cultivar Casino as presented in the table 4.1.7. Data regarding the response of all cultivars in 

different months showed that maximum average numbers of primary branches (14.8) were 

yielded in the month of November (4.1.8) followed by the month of October in which 

average number 14.44 (Figure 4.1.5). Minimum number of primary branches (8.63) was 
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produced in the month of March (Table 4.1.8). Similar assumptions were explained by 

Bhattacharjee et al. (1993) while studying on hybrid tea roses recorded maximum stem 

length and diameter of shoots in Cv. Eiffel Tower, whereas highest diameter was recorded 

with Raktha Gandha, The Cv. Sonia Meilland was earliest to initiate flowering after pruning, 

the Cv. Raja surrender Singh of Nalagarh recorded maximum vase life of (10.60 days) 

fallowed by Cv. Dr. B.P. Pal (9.8 days).  

4.1.2.5 Number of petals per flower 

 Results regarding number of petals per flower are presented in the table 4.1.7, which 

revealed highly significant differences among all cultivars (P< 0.001) as predicted from the 

table 4.1.2. Maximum number of petals (60.50) was exhibited by the cultivar “Casino” 

followed by “Gruss an Teplitz” (57) (Figure 4.1.2). Minimum number of petals per flower 

was recorded in the cultivar “Autumn Sunset” and “Angel Face” (16.25) (Table 4.1.7). These 

results are in accordance with Bhattacharjee et al. (1993) obtained maximum petals with Cv. 

Dr. B.P. Pal (47.80), whereas minimum number of petals was recorded in Cv. Raja Surrender 

Singh of Nalagarh. Tabassum et al. (2002) also got similar results in hybrid tea cultivars. 

Vraiation in petal number were best explained by Zlesak (2006) whoa argued that petal 

number in double flowers also seems to be determined by a relative proportion of floral 

initials as early season flowers and primary flowers in clusters tend to have more floral 

initials than later season blooms and secondary and tertiary flowers and therefore have more 

petals. More doubleness (petal number) is controlled by by dominat gene and is additive 

(Lamerts, 1945b; Morey, 1956) 

4.1.2.6 Flower Persistence Life (days) 

 Flower persistence was recorded life in the month of April. It varied significantly 

(P<0.001) for all cultivars (Table 4.1.2). Maximum flower persistence life (16.7 days) was 

recorded in the “Handel” followed by the cultivar “Angel face” (16.5 da persistence ys) 

(Figure 4.1.2). Minimum flower persistence life (11 days) in the field was exhibited by the 

cultivar “Iceberg” (Table 4.1.7). These findings similar to Tabassum et al. (2002) who got 

similar results (17.17 days in cv. Golden Times) for flower presistnace life while evaluating 

hybrid tea cultivars in D.I Khan, Pakistan.  
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4.1.2.7 Pinnate Length (cm) 

 The results regarding pinnate length for all cultivars in terms of statistical analysis of 

variance are presented in the table 4.1.7. ANOVA revealed highly significant differences 

(P<0.001) with respect to pinnate length (Table 4.1.2). Maximum pinnate length (15.1 cm) 

was yielded in the cultivar Grand Margina (14.7 cm) followed by the cultivar Paradise. 

Minimum pinnate length (10.5 cm) was recorded in Louise Odier (Figure 4.1.2). Leaf length 

and width is quantitative and is contelled by various loci (Shupert, 2007). Pinnate length 

depnds on the number of leaflet present 

4.1.2.8 Length of Petals (mm) 

 The results regarding length of petals are presented in the table 4.1.7. There were not 

significant differences with respect to length of petals (P>0.001) as presented in the table 

4.1.2. The results indicated that there was not too much variation in length of petals.  

4.1.2.9 Estimation of phenotypic, genotypic and heritability of the growth and yield 

traits 

The genotypic and phenotypic coefficients of variations are given in Table 4.1.9. Phenotypic 

and genotypic coefficients of variation for number of petal per flowers (40.00%, 39.90%) 

bush shape (22.21%, 21.92%), and fragrance (19.92%, 19.41%) were found to be high. The 

lowest values of phenotypic and genotypic coefficients of variation belonged flower diameter 

and flower presistance life (Table 4.1.9). Differences among the genotypic and phenotypic 

coefficients of variation in pinnate length, height of the plant and flower diameter and were 

found as relatively low. Hence, these characters were not much influenced by the 

environmental factors under these experimental conditions. In general, phenotypic 

coefficients of variation were higher than the corresponding genotypic coefficients of 

variation. As for heritability, it was shown that the highest and the lowest heritability 

belonged to number of petals per flower and flower presistance life respectively. Heritability 

ofnumber of petals per flower, bush shape, prickles, oveall performance and fragrance were 

higher as compared with other characters. Estimation of heritability is a baseline in the 

selection of parent genotypes for the characters to be transferred in the progenies. The high 

estimates of heritability of traits would enable plant breeders to base their selection programs 

on the phenotypic performance of characters (Zeinali et al. 2009) 
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Table 4.1.2: Analysis of variance (mean squares)  
Source of 
variation 

Degrees 
of 

freedom 

Mean squares 
Bush shape Fragrance Prickles Over all 

performance
Number of 
petals per 

flower 

Flower 
presistance 

life 

Pinnate 
length 

Length of 
petals (mm)

Replication 
Cultivar 
Error 

  2 
  8 
24 

0.3333 
4.1111** 
0.2500 

0.10185 
1.65278** 
0.22685 

0.18519 
0.75694* 
0.24769 

0.54630 
0.65278** 
0.33796 

   6.85 
1201.13** 

   8.79 

0.7778 
19.5486**
 2.1319 

0.225 
11.931** 
 0.301 

  6.2963 
 26.3819NS 
  5.0671 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
 

Table 4.1.3: Analysis of variance table for No. of flowers/ plant during 9 months 
Source of variation Df Sum of squares Mean squares F-value 
Replication 
Month 
Error 
Variety 
Month x Variety 
Error 

  3 
  8 
 24 
  8 
 64 
216 

   55.120 
 2524.722 
  614.907 

32936.167 
 7202.333 
 5717.722 

  18.373 
 315.590 
  25.621 

4117.021 
 112.536 
  26.471 

  0.71 
 12.31** 

 
155.52** 
  4.25** 

Total 323 49050.972   
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

 
Table 4.1.4: Analysis of variance table for Diameter of the flower (cm) during 9 months 
Source of variation                Df Sum of squares Mean squares F-value 
Replication 
Month 
Error 
Variety 
Month x Variety 
Error 

  3 
  8 
 24 
  8 
 64 
216 

5.638 
23.513 
 9.541 
50.519 
28.299 
84.760 

1.879 
2.939 
0.398 
6.315 
0.442 
0.392 

4.72 
 7.39** 

 
16.09** 
 1.12 

Total 323 202.270   
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4.1.5: Analysis of variance table for No. of primary branches/plant during 9 months 
Source of variation Df Sum of squares Mean squares F-value 
Replication 
Month 
Error 
Variety 
Month x Variety 
Error 

  3 
  8 
 24 
  8 
 64 
216 

  11.417 
1203.321 
  84.556 

3380.710 
 417.623 
1842.778 

  3.806 
150.415 
  3.523 

422.589 
  6.525 
  8.531 

1.08 
42.69** 

 
49.53** 
 0.76 

Total 323 6940.404   
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
 
 
 
 
Table 4.1.6 : Analysis of variance table for Height of the plant (m) during 9 months 
Source of variation Df Sum of squares Mean squares F-value 
Replication 
Month 
Error 
Variety 
Month x Variety 
Error 

  3 
  8 
 24 
  8 
 64 
216 

0.399 
 6.817 
 0.322 
45.349 
 4.235 
 4.644 

0.133 
0.852 
0.013 
5.669 
0.066 
0.022 

  9.93 
 63.59** 

 
263.63** 
  3.07** 

Total 323 61.766   
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 
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    Table 4.1.7:Mean values of growth and quality parameters of selected parent cultivars. 

Culti.    NOPPF          PH (m)        PL (cm)     NOPBPP    Frag.      Prick.     FPL        FD(cm)     NOF        BS         OAP  
V1      16.25e   0.694ef        14.45ab          8.78d        2.75b      2.25bc     12.5cd      4.33g       8.68e       2.25de      2.50b 
V2      19.75e   0.898c          11.475d         39.11a       2.75bc     2.00c      11.00d      4.91cd    39.7a       1.75e        2.75ab 
V3      29.25d   0.834cd       14.9ab            18.39c       2.00de     2.75b      15.5ab      4.74ef     18.3c       2.5cd        3.00ab 
V4      16.25e   0.834cd       11.55d            29.28b       2.75bc     2.5bc      16.5ab      4.52fg     31.0b      2.5cd        2.75ab 
V5      60.75a   0.736de       13.175c          10.83d       3.50a       2.75b      14.5bc      4.72ef     10.2de     3.00c        3.25ab 
V6      48.50b   0.772de       10.52e            11.14d       3.00ab     2.75b      12.5cd      5.37b      11.2d       3.00bc      3.75a 
V7      30.00d   0.592f         15.1a              9.78d         1.50e       3.50a       15.7ab      5.76a       9.5de      2.75cd      3.00ab 
V8      42.00c   0.719e         14.7ab            10.08d       2.25cd     2.25bc    16.75a       5.09cd     9.8de      4.75a       3.25ab 
V9      57.75a   1.726a         14.125b         11.03d       1.75de     2.75b      11.50d      5.20bc     10.6de     4.50a        2.50b  
      

      Culti.= Cultivars       NOPPF= Number of petals per flower   PH= Plant Height    Prick. = Prickles       
      PL = Pinnate length (cm)   NOPBPP = No. of primary nranches per       Frag= Fragranc     
      FPL= Flower presistance life    BS = Bush shape    FD= Flower diameter (cm)         
      NOF= Number of flowere/bush   OAP= Overall performance 
 

Table 4.1.8:Mean values of morphological traits according to months                   

                                           Environmental Factors                                        Growth parameters   
                      Temp. oC           R. H%          Rainfall (mm)                  NOFPP               DOF (cm)             NOPB              HOP (m) 
Months                       Mean         Mean               Mean                    Mean        Mean           Mean                Mean 
March                         22.7          37.8                   0                                19.69 a                 5.381a                 8.639f                0.639f 
April                         26          33.6         16                                18.86ab        4.835bc                10.08e               0.760e 
May                          30.8          30.2         75.5                   15.61cd        4.599                   12.08d                0.9247d 
June                         32.9          48.1         41.7                   9.917e        4.59c          12.66cd              0.941d 
July                         32.9          53                      81.6                   14.88d                  4.77bc                 13.16bc              0.979cd 
August                         30.9          65                      204.5                   17.80abc        4.863b                  13.5ab               1.026bc 
September                    29.0          59.3         28.8                   18.750ab        5.150a                  13.91abc            1.051b 
October                         26.7          57.6          0                                17.25bc        5.273a                  14.44ab              1.030c 
November            19.7          58.9          0                                17.250bc              5.204a                 14.807a              1.132a 
NOFPP= Number of flowers per plant   DOF= Diameter of flower (cm)                   α = 0.05 
HOP= Height of the plant (M)   NPBP= Number of Primary branches/plant 
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Table 4.1.9: Mean squares, phenotypic and genotypic coefficients of variability and heritability. 
Characters MSV MSE GCV PCV ECV Heritability % 
NOPPF 
FD 
PL 
HOP 
FPL 
Pric. 
Bshape 
OAP 
Frag. 

396.2930 
0.7446 
6.2654 
0.0237 
5.7826 
0.6221 
1.1940 
0.7583 
0.7324 

2.0474 
0.1372 
0.5914 
0.0037 
1.0813 
0.0324 
0.0312 
0.0418 
0.0369 

39.90 
8.65 
10.09 
12.80 
9.02 
18.20 
21.92 
17.59 
19.41 

40.00 
9.58 
10.60 
13.95 
10.00 
18.69 
22.21 
18.09 
19.92 

2.88 
4.11 
3.26 
5.55 
4.33 
4.27 
3.59 
4.25 
4.47 

99.48 
81.57 
90.56 
84.18 
81.30 
94.78 
97.39 
94.49 
94.96 

 
 
 
 

 
 
Figure 4.1.1: Mean values of the qualitative parameters as evaluted by rating scale 

 
 
 
                          Figure 4.1.2: Mean values for various quantitative traits of the parent cultivars  
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               Figure 4.1.3: Mean diameter of flower of cultivars with respect to months 
 

 

                      Figure 4.1.4: Mean number of flowers/bush with respect to months 
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        Figure 4.1.5: Mean number of primary branches per plant with respect to months 

 

                  Figure 4.1.6: Mean height of the parent cultivars with repect to months 
 
Relationships among traits also indicated that the number of petals per flower had the highest 

correlation with overall performance of the rose bush (r= 0.795) (Table 4.1.10). Correlation 

between flower diameter and petal length (r= 0.628), bush shape and height of the plant (r= 

0.657) and Number of flowers per palnt and overall peromance of bush (r=0.508), Flower 

presistance life and overall performance of the bush (r= 0.556) was positive and significant 

(P< 0.01) while fragrance of the flower was negatively and significantly correlated with 
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flower presistance life (r= -0.646). However for all other morphological traits not any 

significant correlation was observed. These results are conformatory to Zeinali et al. (2009) 

who got signoificant correlation between conopy diameter and number of flower per plant (r= 

0.54) and other yield traits.  

 

 Table 4.1.10: Correlation among various morphological traits     

 NOPPF FD PL HOP FPL NOFPP Bshape OAP 
FD 0.061        
PL 0.020 0.628*       
HOP 0.146 0.036 0.494      
FPL 0.210 0.097 0.068 -0.048     
NOFPP 0.263 0.211 0.362 -0.120 0.455    
Bshape 0.206 0.046 0.242 0.657* 0.351 0.168   
OAP 0.796* 0.221 -0.348 -0.251 0.556* 0.508* 0.322  
Frag 0.158 -0.442 -0.293 -0.478 -0.646* -0.531 -0.270 0.325 
Where 
FD= Flower diameter         PL= Petal length      HOP= Height of plant    Bshape= Bush shape 
FPL= Flower presistnat life     NOFPP= Number of flowers per plant     Frag= ragrance 
OAP= Overall performance 
4.1.2.10 Cluster analysis of the parent cultivars 

Cluster analysis of parent cultivars on the basis of quantitatice traits pooled up the cultivars 

into 4 major groups as presented in the figure 4.1.7. Cultivars Autumn Sunset (V1), Iceberg 

(V2) and Angel Face (V4) Showed similarity for quantitative traits and grouped together I 

group one. Similarly in 2nd group cultivars Paradise (V3) and Grand Margina (V7) showed 

same behavior for quantitative traits. In group third, two cultivars cv. Casino (V5) and Gruss 

an Teplitz (V9) showed same performance for quantitative traits. In the last group also two 

cvs. Louise odier (V6) and Handel (V8) also performed same. The variatons in the the 

average performance as predicted from the comparison of means lead to the segregation of 

cultivars into four groups. It was also evident from their qualitative traits that these cultivars 

also behave differently in field conditions. The wide range of variation detected through 

multivariate statistics for thequantitative traits studied are in agreement with that of Tabaei-

aghdaei et al. (2004) and Zeinali et al. (2009) got same results using Tehran, and Kashan 

Rosa damascena germplasm. 
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Figure 4.1.7: Dandrogram showing the grouping of parent cultivars based on cluster analysis. 
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Principal component analysis revealed five components, which explained 94 percent of the 

total variation among traits (Table 4.1.11). Principal component 1 (PC1) justified 33 percent 

of the total variation and was equally associated with prickles, bush shape, pinnate length, 

height of the plant number of flowers per plant and flower diameter. PC2 consisted ofpinnate 

length and height of the plant width of bud and width of receptacle, and accounted for 24.66 

percent of total variance. PC3 explained 19.41 percent of the total variations and was mainly 

associated withflower diameter. PC4 accounted for 9.88 percent of the total variance and 

consisted of fresh weight of flower. Furthermore, these principal components revealed intra-

correlations among traits. For example, PC1 showed that had positive intracorrelations 

between prickles, bush shape, pinnate length, height of the plant number of flowers per plant 

and flower diamete, while fragrance was in a negative intra-correlation with them. A study of 

the relationships among traits could be beneficial to the breeders in their breeding programs, 

and the estimated PCs reveal how the characters affect each other 

 
Table 4.1.11: Pricipal componenent analysis of variables for growth and yield traits 

Trait           PC1      PC2      PC3      PC4      PC5 
NOPPF 0.447 -0.608 -0.474 0.125 0.296 
FD 0.517 -0.152 0.622 0.489 -0.180 
PL 0.586 0.554 -0.045 -0.154 0.522 
HOP 0.569 0.493 -0.548 0.222 -0.249 
FPL 0.486 -0.341 0.123 -0.736 -0.268 
Pric 0.718 -0.253 0.597 -0.027 0.231 
Bshape 0.710 -0.228 -0.630 0.028 -0.130 
OAP 0.162 -0.873 -0.018 0.136 -0.027 
Frag -0.747 -0.531 -0.253 0.013 0.189 
Eigen Value       2.97     2.22     1.75      0.89       0.63 
%Commulative        33.03      24.66       19.41      9.88      7.04 
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4.2 Estimation of pollen quantity, viability and germination in vitro 

4. 2. 1 Number of anthers per flower 

 Analysis of variance revealed that number of anther per flower (P < 0.001, F=87.9) in 

all cultivars. Maximum number of anther per flower (130.67) were possessed by the cultivar 

Angel face followed by the cultivar Handel. Minimum numbers of anther per flower (24.33) 

were exhibited by the Louise Odier. These findings are in contrast to findings of Gunes et al. 

(2005) who reported that the number of anther per flower of rose species were between 81.4 

(R. villosa) and 148.1 (R. elliptica) which are much more as compred to modern cultivars. 

Ercisli (2007) calucated the similar amounts of anther per flower in the species roses. In 

contrast to the findings of researchers in species roses, it is clear that modern roses (Hybrid 

tea and Floribunda) have less stamens (containg anther) as according to Zlesak (2006) and 

Morey (1956) double flowers (more petals) in modern roses are due to conversion of stamens 

and pistils into the petals. This may be the possible cause of fewer stamens (antghers) in 

cultivar than species roses. 

 4. 2. 2 Number of pollens per anther 

 Number of pollens per anther varied significantly (P < 0.001, F=6.05) in each cultivar 

however, maximum number of pollens per anther were exhibited by the cultivar Handel 

(1612.3) followed by cultivar Angel face (1588.7). Minimum numbers of pollens per anther 

were counted in the cultivar Iceberg.  On average basis the performance of Angel face and 

Handel was better with respect to both number of anther per flower and number of pollens 

per anther as shown in the figure 4.1.2. Results of the present study are in accordance with 

Ercisli (2007) who got similar results for number of pollens per anther (1134-1617) in 

species roses. Whoever, there are a lot of factors such as genotype (species, cultivars), age of 

plants, nutritional conditions, culture environment which affect the amount of pollen 

production in fruit species (Eti 1991). 

4. 2. 3 Pollen length, diameter and size (µm) 

Results of the analysis of variance revealed that pollen length, diameter and size did 

not showed significant variations. However, the cultivar Iceberg showed little big pollen 

diameter (4.333µm) as compared to other cultivars. Pollen size (L: D) was almost same in all 

cultivars hence no significant differences were observed as shown in the table 4.2.1. Ueda 

and Tomita (1989) observed almost similar pollen legth in species (29.51 to 52.82 µm) and 
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hybrid teas (32.31 to 52.99) µm at 1000 times magnification. However, there were variations 

in the diamtere of pollens of species (21.3 μm-40.8 μm) and hybrid tea roses (Pipino et al., 

2010; Ueda and Tomita, 1989).   

 

Table 4.2.1: Analysis of Variance (Mean Square) for pollen quantity, Size and Viability 

Source     DF    NOAPF        NOPA             PL                PD               PS             PV%age 

Cultivar   8     3817.09**    120378**   0.91667       0.73148      0.00852      374.259** 

Error      18    43.44            19895          0.29630       0.14815    0.03212        24.074 

Total       26    

**         = Highly Significant (P<0.001) 

NOAPF= Number of Anther Per Flower 

NOPPA= Number of Pollen Per Anther 

PL= Pollen Length (µm) 

PD= Pollen Dia (µm) 

PS= Pollen Size (L: D) 

PV %age=Pollen Viability %age 
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Figure 4.2.1: Mean values of the Pollen grain parameter (A) No. of anther/flower (B) 

Pollen grains/anther (C) Pollen grain diameter (D) Length of pollen grains (E) Size (F) 

Pollen viability %age 
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4. 2. 4 Pollen viability %age 

 Pollen viability is considered as one of the most important factor in breeding success. 

Viability of pollens varied significantly in pollens of all cultivars (P <0.001, F= 15.5) as 

shown in the table 4.2.1. Comparison of means of viability %age revealed that maximum 

number of viable pollens in term of viability %age was possessed by cultivar Handel (70%) 

followed by ‘Gruss an Teplitz’ (64%) as exhibited in figure 4.2.1. The minimum viability of 

pollens was exhibited by the Cultivar ‘Autumn Sunset’ having pollen viability of 35%. 

Previously variations in the viability of pollen grains were observed by Ercisli (2007) in 

species roses (31.88-48.6% viable pollens) and Visser et al. (1977) in hybrid tea (27-61% 

viable pollen grains). Visser et al. (1977) argued that pollen grains abortion commonly 

occurs in rose varieties it can contributed to the %vaiability of pollen grains and also depends 

on the ploidy level of the genotypes (Spethmann and Feuerhahn, 2003) and time of the year 

pollen collected (Gudin et al. 1991) 

4. 2. 5 Pollen germination %age 

 Pollen germination in vitro is an indirect method to estimate the vigour of pollen 

donor parents. Pollen germination was performed at 3 varying levels of sucrose concentration 

in the controlled conditions. Pollen germination %age varied significantly for all cultivars 

(F=68.35, P<0.001) as presented in the table 4.2.2. Comparison of means revealed that 

maximum pollen germination %age (52.556) was shown by the cultivar “Gruss an Teplitz” at 

15 % sucrose (Figure 4.2.2) followed by “Autumn Sunset” having germination %age 43.45% 

at the same level. Minimum germination %age (2.21%) was shown by the cultivar Iceberg  

which is triploid with respect to ploidy. Interaction of sucrose and varieties was not 

significant. At sucrose concentrations 10% and 15% cultivar Gruss an Teplitz produces 

maximum pollen fgermination %age. Present results also correlated with the findings of 

Richer et al. (2007) who observed germination %age (16.00-38.00) in species roses and 

Visser et al. (1997) in hybrid tea (14-47%). Moreover genetic make up of cultivars and 

concentrations of sucrose, pH and light also affect the pollen germination of the rose 

genotypes (Richer et al., 2007) 

4. 2. 6 Pollen tube length (µm) 

 Data regarding pollen tube length showed significant differences for all cultivars. 

ANOVA showed that maximum pollen tube length (50.02 µm) at 15 % sucrose concentration 



 110

was yielded by the cultivar “Grand Margina” followed by “Gruss an Teplitz” (46.33 µm). 

Cultivar “Iceberg” produced pollen tube 9.22 µm long. Cultivar Grand Margina again 

produced maximum pollen tube length (49.89 µm) as compared to all other cultivars as 

presented in the figure 4.2.3. Vasil’eva (2009) got 73.10-184.20 μm long pollen tubes in 

species invotro conditions at 1000 times magnification.  

Table 4.2.2: Analysis of Variance for Pollen Germination %age and pollen tube length 

Source                       DF        Pollen Germination %age     Pollen Tube Length (µm)          

Cultivar                      8                        1492.67**                            1305.37** 

Sucrose                      2                         463.37**                              446.57**      

Cultivar X Sucrose   16                        22.97                                     28.00 

Error                          54                        21.84                                    26.93 

Total                          80                

**= Highly Significant (P<0.001) 

 

  
                         

                                  Figure 4.2.2: Pollen germination %age at various levels of sucrose             
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                            Figure 4. 2.3: Pollen tube length at different sucrose concentrations   

   

4. 2. 7 Cluster analysis of the cultivars and variables 

Cluster analysis of the cultivars based on pollen vogor parameters mentioned above 

revealed three main groups as predicted in the figure 4.2.4. Cultivars Autumn Sunset and 

Gruss an Teplitz condensed themselves in 1st group while Cvs. Paradise, Anagel Face, Louise 

Odier, Handel and Grand Magina behaved in a similar way clustering themselves into 2nd 

group. Two cultivars i.e Iceberg and Casino were categorized in third group.  With in group 

one both cultivars showed 80 % similarity behaved differently from other. Similarly in 2nd 

group the performance of four cultivars i.e Paradise, Angel face, Louise Odier and Handel 

was quite different with respect to the Grand Margina which differed 40%. In 3rd group cvs. 

Iceberg and casino also yielded behaved similarly having 60% similarity. All cultivars also 

behaved differently for pollen vigor parents as it is abvious from the previous results. In 

contrast cultivars showing similarity with each other also differed for some of the pollen 

vigor parameters.  
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Figure 4.2.4:  Tree diagram showing grouping of the cultivars based on pollen physical 

characters, viability and germination 

 

Table 4.2.3: Analysis of variables using Wards Linkage Euclidean distance 

Cluster 

group 

Number of 

observations 

With in cluster 

sum of sequare 

Average distance 

from centroid 

Maximum distance 

 from centroid 

Cluster 1 2 0.18678 0.305596 0.305596 

Cluster 2 1 0.00000 0.000000 0.000000 

Cluster 3 5 1.26624 0.446935 0.813128 

Cluster 4 1 0.00000 0.000000 0.000000 

 

All the variables were gropued into four main components as presented in the figure 4.2.5. 

One componenet consists of two variables pollen diameter and length of pollens which are 

closely related to each other and contains 37 % (see table 4.2.4) of the information of the 

original data. 2nd component comprised of three variables including size of the pollen, pollen 

tube length and pollen germination which contain information 25.54% of the original data.  

Third component only comprises of the only one variable numer of pollen per anther and 4th 

componenet consists of two variables anther per flower and viability %age. 
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          Figure 4.2.5: Principal component analysis of pollen quality and vigor traits 

Table 4.2.4: Factor coordinates of the variables, based on correlations  
 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 

No. of anther/ floweer 0.0108 -0.2865 -0.8784 -0.2363 0.2062 0.2183 0.0122 0.0006 

No. of Pollens/anther -0.6086 -0.1098 -0.6814 -0.2257 -0.1873 -0.2590 0.0150 0.0003 

Pollen diameter (µm) 0.6024 0.6181 -0.4580 0.1809 -0.1088 0.0237 0.0115 -0.0059 

Length of pollens(µm) 0.3785 0.8150 -0.3989 0.1781 -0.0341 -0.0130 -0.0173 0.0057 

Size of pollens= L:D -0.6684 0.6489 0.1912 0.0814 0.2886 -0.0606 0.0450 -0.0001 

Viability %age -0.1337 -0.6121 -0.3301 0.6986 0.0820 -0.0610 0.0021 0.0002 

Pollen germ -0.8986 0.1250 0.0612 0.1664 -0.3023 0.2318 0.0181 0.0008 

Pollen tube length -0.9286 0.3019 -0.1727 0.0150 0.1136 0.0105 -0.0596 -0.0024 

Eigen Value 3.01 2.04 1.78 0.69 0.28 0.18 0.01 0 
% Commulative 37.64 25.54 22.3 8.67 3.56 2.21 0.08 0 
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Pearson correlations between numbers of anther per flower, number of pollen per anther, 

Pollen size (µm), and mean pollen viability and germination % age are presented in the table 

4.2.5. Pollen tube length correlated significantly with pollen size and pollen germination 

%age. A strong correlation among pollen germination %age and pollen tube length (r = 0.77) 

and pollen germination %age and pollen viability %age (r = 0.731) was exhibited. Pollen 

germination is also strongly correlated with pollen size (r =0.738).  

Table 4. 2. 5: Correlation among pollen vigor parameters  
 

Pollen vigor 
Parameters 

No. of 
anther/flower 

No. of 
pollens/anther 

Pollen   
size    

(L/D)  

Viability 
(%) 

Pollen 
germination 

(%) 

No. of pollens/anther 0.582      

Pollen size (L/D)  -0.334 0.149     

Viability (%) 0.302 0.216 -0.287    

Pollen germination 

(%) 
-0.193 0.411 0.738* 0.731*   

Pollen tube length 

(µm) 
-0.115 0.536 0.733* -0.164 0.77* 

 

Moreover, regression analysis between pollen germination %age and pollen tube length (µm) 

also showed significant results (R2 =8.77) and regression between pollen tube length and 

pollen size was not significant (R2 = 0.038) as shown in figure 4.2.6 and 

4.2.7
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                                Figure 4.2.6: Regression among pollen germination %age and pollen tube length           
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                                   Figure 4.2.7: Regression between pollen tube length and pollen size 
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4.2.8 Comparison of fertility status of selected cultivars in the field and in invitro. 

 All possible combinations of crossing were designed and performed to evaluate the 

vigor of pollen donor parents. In general each cultivar was given equal opportunity to cross 

with other eight cultivars. So, maximum % crossing success (53.75)  was exhibited by 

cultivar ‘Handel’ which performed best under this crossing regime followed by cultivar 

‘Autumn sunset’ with successful crossing %age of 45. The cultivar ‘Iceberg, did not 

performed well, hence all crosses made by this cultivar as a male parent failed as shown in 

the table 4.2.6. In the present study behavior of pollen grains was different from invitro 

studies. These variations of fertility in modern roses differ due to many factors including 

interspecific derivation, meiotic abnormalities and heterozygous polyploid parents hence 

processes favour the accumulation of deleterious recessive alleles in the progenies (Erlanson, 

1931; Ogilvie et al., 1991). Morover, deVries and Dubois (1996) argued that there is 

tendency of inbreeding in modern cultivars because of the breeders in the past have used very 

less number of fertile cultivars that produce above average offspring. Zleask (2006) argued 

that the modern roses are mostly self pollinated so crossing success also depends on the 

female gamtes to accept the foreign pollens. Further, during microgametogensis prevelance 

of high temperature regimes affect viability and it decreases as the temperature increases 

(Visser et al., 1977). 

Table 4.2.6: %age Crossing Success and fertility status of pollen donor parents 

Pollen parent   No. of. Possible Successful % Crossing Fertility Status 

 crosses made Crosses Success  

Autumn Sunset 80 36 45 Fertile 

Iceberg 80 0 0 Sterile 

Paradise 80 15 18.75 Low Fertile 

Angel Face 80 5 6.25 Low Fertile 

Casino 80 12 15 Low Fertile 

Louise Odier 80 13 16.25 Low Fertile 

Grand margina 80 17 21 Moderate Fertile 

Handel 80 43 53.75 Fertile 

Gruss an Teplitz 80 22 27.5 Moderate Fertile 
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4.2.9 Comparison of corssing success with pollen vigor parameters 

The comparison of various fertility parameters in vitro and in vivo revealed that 

cultivar “Handel” showing its maximum pollen viability in vitro performed well with respect 

to giving more crossing success in field as compared to its average pollen germination %age 

invitro conditions. Cultivar “Autumn Sunset” showed also better performance in field as well 

as in laboratory in spite of that fact it has less pollen viability as compared to other cultivars. 

All the crosses failed when cultivar “IceBerg” was used as pollen donor parent similar to 

lowest germination %age in laboratory. The comparison of all pollen donor parents with 

respect to fertility status in field and laboratory is given in figure 4.2.8 
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   Figure 4.2.8: Comparison of crossing success with pollen vigor parameters 
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4.3 Hybridization and Heterosis Studies 

4.3.1 Crossing success and hip set %age 

All the parent cultivars were provided equal chance to serve as male and female parent. 

There were 72 basic different diallel cross combinations and each combination was repeated 

10 times however most of the cross combination failed in the field conditions. Most of the 

corsses were not successful and for other crosses after hybridization there was early 

development of hip and seed set but in the month of June when the temperature raised up to 

45 °C and warm air prevailed in the environment, the abortion of the hip took place and they 

fell down from the neck due to the development of the abscission layer.  So diallel crossing 

scheme was not successful. Hip set %age for all successful cross combination also varied. 

Maximum hip set %age (83) was observed for the cross combinations V1X V9 and V1 X V5 

an minimum (30%) in V6XV3. Successful cross combinations are presented in the table 

4.3.1. The results of low crossing success in roses are in accordance with Zlesak (2006) who 

argued that crossing success varies considerably among rose cultivars and has led breeders to 

strongly favor the more fertile genotypes for use as parents. Moreover, reproductive success 

is also affected by various intrinsic factors including age of the flower being pollinated, 

available resources (competition), ploidy level and incompatibility and extrinsic factors 

include the type condition and amount of pollen applied, the time of pollination and the 

environment (temperature, humidity) during microgametogenesis and the physiological 

changes during growing season (Gudin, 1991, 1992; Visser et al., 1977; Proctor et al., 1996; 

Richards, 2003) 

4.3.2 Number of seed per hip 

Data regarding the number of seed per hip is presented in the table 4.3.1. Number of seed per 

hip varied in all cross combinations. Maximum number of seed per hip (33) was recorded for 

the combination V6XV3 followed by V6XV3 having mean value of 30 seed/hip. Minimum 

number of seed per hip (15) was recorded for the combination V8XV9. In species roses 

number of seed per hip may be over 170 (Anonymous, 2007) but in modern roses achene 

contents per hip may vary from 1-30 which is usually low (Gudin, 2003). 

4.3.3 Time to maturity of hips (days) 

After fertilization and setting of hips variation in maturity time for hips were recorded. 

Maximum maturity time of hips (110 days) was recorded in the combination V3XV1 
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followed by V7XV9 having maturity time of 109 days. Early maturity of hips was recoded in 

the combination V9XV7 as predicted from the table 4.3.1.  Ueda (2003) argued that fruit 

(hip) development is sequencial process in which achenes may begin to develop rapidly 3-4 

weeks following fertilization are morphologically complete in a further 8 weeks and 

complete mature in further 2-4 weeks.  

4.3.4 Length and width of seed 

Length and width of seed varied among all crosses as depicted in the figure 4.3.1. Maximum 

length of (5mm) was recored in the seeds of cross V8xV1 followed by V8xV9. Similary 

maximum width of seed (2.72mm) was recorded in the seeds of cross V8 xV1 followed by 

V9 x V3. Zhou et al. (2009) also measure similar length (Mean=5.15 mm) and width (2.89 

mm) in species roses.  

4.3.5 Hip fresh weight and seed weight (g) 

Hip fresh weight also varied among all crosses as presented in the figure 4.3.1. Maximum hip 

fresh weight (4.89 g) was yielded from the cross V8xV9 followed by V7xV9 as compared to 

all other crosses. Seed weight also varied in all crossesas shown in figure 4.3.1. The results of 

the present study are in accordance with Celik et al. (2009) who measured hip weight (1.78 

g- 4.90 g) in species roses and Zhou et al. (2009) who measured mean seed weight of 100 

achenes (20.01mg) 
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Table 4.3.1: Parameters of crossing (hybridization) and hips 

Cross Symb. Cross Combinations ♀×♂ SC/10 ANS/Hip TSO H S%age  TMOH (days) 
V3XV7 Paradise X Grand Margina    7 16 115 70 90 

V3XV8 Paradise   X  Handel     6 19 117 60 85 

V9XV6 Gruss-an-Teplet X   Lousie Odier 5 16 87 50 95 

V6XV3 Lousie Odier   X  Paradise 3 30 102 30 100 

V1XV8 Autumn Sunset  X  Handel 6 20 126 60 85 

V5XV1 Casino   X Autumn Sunset 4 23 94 40 91 

V9XV8 Gruss an Teplitz  X  Handel 7 21 150 70 109 

V4XV8 Angel Face X  Handel 6 22 137 60 88 

V4XV1 Angel Face X Autumn Sunset 4 24 105 40 92 

V8XV9 Handel   X  Gruss an Teplitz 5 15 81 50 96 

V4XV9 Angel Face  X  Gruss an Teplitz 6 20 130 83 78 

V8XV6 Handel X Loise Odier 4 24 98 67 76 

V1XV5 Autumn Sunset  X  Casino 5 20 103 83 89 

V5XV8 Casino  X  Handel 6 27 163 50 96 

V9XV7 Gruss-an-Teple  X Grand margina 4 20 80 40 84 

V6XV1 Louise Odier  X  Autumn Sunset 4 19 86 40 98 

V3XV1 Paradise  X  Autumn Sunset 6 18 111 60 110 

V7XV8 Grand Margina  X  Handel 6 20 128 60 103 

V7XV9 Grand Margi X  Gruss an Teplitz 5 27 139 50 109 

V1XV5 Autumn Sunset  X  Casino 7 16 118 70 98 

V6XV7 Louise Odier  X  Grand Margina 5 18 96 50 87 

V1XV3 Autumn Sunset X  Paradise 8 20 164 80 93 

V9XV1 Gruss-an-Tepl  X Autumn Sunset 7 17 122 70 94 

V1XV6 Autumn Sunset  X  Louise Odier 4 20 93 40 105 

V7XV1 Grand Margina  X  Autum sunset 5 18 103 50 107 

V1XV4 Autumn Sunset  X  Angel Face 5 19 99 50 89 

V7XV9 Handel   X  Gruss an Teplitz 6 23 143 60 97 

V6XV3 Louise Odier   X  Paradise 4 33 136 40 98 

V6XV8 Louise Odier   X  Handel 6 21 133 60 106 

V8XV1 Hendel  X  Autumn Sunset 6 24 147 40 95 

       Cross Symb. = Cross symbol                             SC/10= Successful crosses out of ten 
       ANS/Hip= Average Number of Seed/ Hip         TSO     = Total Seeds Obtained 
  HS%age= Hip Set %age in this combination     TMOH= Time to Maturity of Hips 
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           Figure 4.3.1: Yield parameters of hips and seeds of the crosses 
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4.4 Germination of achenes 

4.4.1 Seed germination and seedling growth 

 Analysis of variance of the data related to seed germination parameters showed 

significant differences among treatments, genotypes (cross) and in their interaction but for 

some morphological parameters non-significant effects were exhibited by treatments. Results 

of data with respect to physiological parameters revealed that germination period (F= 89.95, 

F<0.05), germination %age (F=67.16, P<0.05), imbibition period (F=26.13, P<0.05) and 

seed vigour index (F= 112.2, P<0.05) was affected significantly by all treatments accordingly 

(Table 4.4.1). Results also showed that almost all the treatment has significant affect on 

growth parameters i.e internodal distance (F=4.42, P<0.05), length of shoot (F=32.99, 

P<0.05), length of root (F=34.79, P<0.05), and seedling total length, however all the 

treatments have no significant effect on number of leaves (F=2.26, P>0.05) and root-shoot 

ratio (F=0.38, P>0.05) with respect to lngth and presented in table 4.4.1. Similarly all 

genotypes (cross) also exhibited differences in yielding variable quantity of morphological 

and physiological traits. Interaction between genotypes (crosses) and treatment was also 

significant in case of germination %age (F=1.61 P<0.05), germination period (F=2.27, 

P<0.05) and imbibition period (F=1.91, P<0.05), however number of leaves, seedling total 

length, internodal distance and root-shoot is unaffected by interaction of genotype and 

treatments. Results of comparison of means related to effect of different treatments to 

enhance seed germination showed that germination and imbibition period was reduced to 

18.20 and 23.64 days by treating the seed with one month warm startitification, and 2 month 

cold stratification followed by 30% H2SO4 treatment for 10 minutes. This period is much 

less that the seeds with out any treatment for their dormancy breakdown. Treatments To and 

T1 behaved in a similarly fashion. But the best performance was exhibited by T3 as 

presented in the figure 4.4.1(a). Seed germination percentage is on top priority for getting 

good success in breeding program. Both of seed germination and seed vigor index are 

directly related to how much seed coat is soft and permeable to water and oxygen. T3 proved 

to be profitable to uplift the seed germination % age and seed imbibition period to 18.5 % 

and 261.1 as compared to control when the seed were only treated with room temperature at 

24±2 oC. It is clear that there is significant variation in germination %age, germination 

period, imbibition period and seed vigour index. Overall for these physiological parameters 
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seed treatment 1 month warm temperature, 2 months chilling temperature at 4oC combined 

with 30% H2SO4 for 10 minutes probed beneficial with respect to only warm temperature or 

chilling temperature in combination. Seedling vigor and growth attributes like length of shoot 

and root, root-shoot ratio for length, total length and internodal distance are also affected by 

seed treatment as seeds having no dormancy or less dormancy starts early growth and 

accumulates more biomass as compared to seeds germinated later on. As all the seedling 

were transplanted after equal interval of days followed by germination but variations were 

observed in seedling shoot and root length. Maximum shoot and root length of 7.40 and 

6.74cm respectively was observed at treatment T3. Same combination in treatment (T3) 

proved to be helpful to give maximum seedling total length, internodal distance, root-shoot 

ratio and number of leaves of 14.49 cm, 1.49 cm, 0.929 and 6.44 respectively (Figure 4.4.4 & 

4.4.5). On overall basis seeds behaved well for all physiological and morphological 

parameter if they were treated with 1 month warm temperature, 2 months chilling 

temperature followed by 30% sulphuric acid treatment for 10 minutes as compared to T2, T1 

and control. Similarly all genotypes behaved differently with respect to germination %age 

and germination period. Maximum germination %age (18.83) was observed in genotype 

(V6XV8), followed by genotype (V9XV1) having germination %age of 17.22. Minimum 

germination %age (12.92) was observed in genotype (V4XV5). Germination period, seed 

vigour index and imbibition period also varied among various genotypes as shown in figure 

4.4.2 and 4.4.3. Interaction between genotype (cross) and treatment also yielded variable 

results with respect to germination %age as shown in the figure 4.4.6. However T3 for the 

genotype (V9XV7) proved very effective and yielded germination %age of 24.3 followed by 

V1XV8 with 22% against the same treatment. Germination period, Seed vigour index, 

imbibition period also affected by interaction of genotype and treatments as shown in figure 

4.4.7 & 4.4.8.  Data related to effect of pericarp thickness on seed germination %age showed 

that there was positive correlation (r =0.247, P<.05) between these two variables (Table 

4.4.3). In the present study warm stratification followed by cool stratification and sulphuric 

acid was also provided to the seed and it showed significant results with respect to seeds 

which were not treated with warm period storage. These results are similar to the findings of 

Vasil’eva (2009), who found that germination of genus Rosa can be enhanced by 

scarification and stratification to a better value as in case of Rosa cannina it was 50%, 
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because cracking the pericarp alone do not remove dormancy (Tincker and Wisely, 1935). It 

appears to confirm the hypothesis of Werlemark et al. (1995) and Zhou et al. (2009) who 

revealed that warm plus cold stratification alone appear to be an effective remedy to get rid 

of dormancy of rose achenes. Oni (1991) also found significant relationships between seed 

morphological characteristics and seedling vigour. These growth parameters are attributed in 

the promotion of rapid production of vigorous seedlings for nursery establishment or species 

for plantation establishment (Okunlola, 2011).  

 
Table 4.4.1:Analysis of Variance Table (Mean square) for seed germination parameters  
Source              DF    Germ.period    Imb. Period     Seed Vigor Index    Germ.%age     

Replication        2          7.078                10.344                22542                 45.969 

Cross                 29         9.382                18.129               18928**              23.00** 

Treatment          3          531.08**           228.62**           256569**           554.98** 

Cross*Treat.     87         13.375**           17.215**           3434                   13.279 

Error                 238       5.904                 8.751                 2287                    8.264 

Total                 359    

**= Highly significant (P<0.001) 

 

Table 4.4.2: Analysis of variance (Mean Square) for seeding growth parameters 

Source            DF   Shoot Length  Root Length Total Length  Root/Shoot  Inter Nodal Dist. 

Replicati         2       2.79               2.996           11.394         0.0713              0.1334 

Cross              29      9.0325**      31.249**      64.87**       0.4556**          0.6565** 

Treatment       3       57.86**        61.047**      233.88**      0.0395              0.6467 

Cross*Treat.  87      2.0164          2.8288          4.521            0.164                0.1931 

Error              238    1.7542          1.7546          3.66              0.10499            0.1464 

Total              359    1034.06 

**= Highly Significant (P<0.001) 
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Table 4.4.3: Correlation among various physical and germination attributes 

 Achene 
length       

Achene 
width        

Pericarp 
thickness 

Seed dry 
weight 

Hip fresh 
weight 

Germination % age          0.053 
(0.00) **        

0.153    
(0.03) *           

0.347 
(0.00) ** 

0.032 
(0.001) ** 

0.112 
(0.01) ** 

Germination period          - 0.276 
(0.00) **        

- 0.331 
(0.00) **         

0.213 
(0.00) ** 
 

0.210 
(0.00) ** 

0.021 
(0.00) ** 

Imbibition period             - 0.205   
(0.004) *        

- 0.266     
(0.00) **         

0.366 
(0.00) **         

0.331 
(0.002) ** 

0.044 
(0.003) * 

 

 

            Figure 4.4.1: Effect of various treatments on the germination parameters 
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Figure 4.4.2: Response of genotypes for imbition and germination period as affected by 

treatments 

    

 

Figure 4.4.3 :  Response of genotypes for seed vigor index and germination percentage as 

affected by treatments 
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                 Figure 4.4.4: Effect of various treatments on on seegling growth parameters 

 

             Figure 4.4.5: Growth parameters of seedlings as affeted by various treatents 
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       Figure 4.4.6: Interaction plot for germination %age against all treatments 

 

         Figure 4.4.7: Interaction plot for germination period for all treatments 
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      Figure 4.4.8: Interaction plot for Imbibition period of the progenies against all treatments 
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4.5 Estimation of Hybrid Vigor of Progenies over parents 

4.5.1 Morphological traits 

A lot of variations were recorded in morphological traits of leaves including leaf color, leaf 

margins, and hairiness and petiole pubescence floral traits including flower color and 

inflorescence (Table 4.5.1). These reports are in confirmatery to other researchers as Zlesak 

(2006) stated that foliage among roses varies greatly in size, texture, and color. Torre (2003) 

stated that hybrid tea roses generally bear compound leaves with 5-7 leaflets in contrast to 

Asiatic species which may bear upto 19 leaflets. Noguchi et al. (2009) performed heterosis 

studies to check the possibility of using detaploid interspecific hybrids as a parent for new 

strawberry. Hybrids progenies exhibited heterosis for leaf area that exceeded that of their 

parents and the leading cultivar, ‘Toyonoka’. These variations in the progenies transmitted 

from their parents are under the control of various genes. Lammerts (1945b) stated that 

foliage with a shiny cuticle is generally acceptable and is dominant to a dull cuticle and the 

season-long, reddish-purple coloration of the foliage of R. glauca Pourret is readily 

transmitted to progeny (Wright, 1947).The inheritance of leaf hairiness, leaf margins and 

petiole pubescence id not yet documented (Shupert, 2005). Moreover, Ferrante et al. (2010) 

argued that environmental condititions espacilly light and temperature affect the flowering 

process and flower color intensity is directly correlated with solar radiation. Plaut et al. 

(1979) stated that under cooler conditions roses develop dark pigmentation of petals due to 

higher anthocyanin synthesis. Similary, Dela et al. (2003) explained that exposure of roses to 

high temperature (>39 °C) reduces the synthesis of the anthocyanin and leads to the light 

coloration of the petals.  De Vries and Dubois (1980) and de Vries et al., (1980) used 

cultivars which varied in pigment composition for breeding studies and found that the gene 

action of pigment genes in modern roses is generally additive. These results are in ccordance 

with Shupert (2005) who argued that in the segregating population wide ranges of colors are 

observed due to heterozygous nature of the parents. All the F1 progenies showed differences 

from their parents in morphological traits as well. Comparison of means was performed to 

check the differences for various parameters with in parents and progenies.  
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Table 4.5.1: Morphological traits of F1 progenies 

 

 

 

 

Leaf traits/ 
Cultivar 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 

Leaf color Light 
green, 
dull 

Dark 
green 
glossy 

Pale 
green, 
semi 
glossy 

light 
green 

Pinkish 
green 

Dull 
green, 
glossy 

Light 
green 
with 
pinkish 
blush 

Dark  
green, 
glossy 

Pale 
green,  
glossy 

Dull 
green,semi 
glossy 

Pale 
green, 
semi 
glossy 

Leaf 
Margins 

Serrated Un-
serrated 

Serrated Partially 
Serrated 

Partially 
serrated 

Un-
Serrated 

Serrated Serrated Serrated  serrated Unserrated 
   

Leaf 
hairiness 

+   -    +   +    +      -     +    -    + +   - 

Petiole 
pubescence 

+      -     -     +    +      -     -   +    +   +    + 

Floral Traits          
  

Flower color Light 
Yellow  

Medium 
purple 

Lavender Orange 
Red 

Crimson Hot pink Light 
Yellow 

Dark 
Red 

Magenta White, 
creamy 

Snow 

 mauve  Pink pink   
Inflorescence 
type 

Clustered Solitary 
clustered 

Solitary Solitary Solitary Clustered Clustered Clustered Clustered Solitary Clustered 
clustered     
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Table 4.5.1 continued 

Leaf traits/ 
Cultivar 

H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 H22 

Leaf color Dark 
green, 
dull 

Dull 
green  

Light 
green, 
semi 
glossy 

Light 
green 

Dark 
green 

Light 
reen, 
semi 
glossy 

Pale 
green  

Pale 
green, 
glossy 

Dark 
green,  
glossy 

Light 
green 
semi 
glossy 

Dark 
green, 
semi 
glossy 

       
       

Leaf 
Margins 

Serrated    
Serrated 

Partially 
Serrated 

Partially 
Serrated 

Serrated Un-
Serrated 

Serrated Serrated Serrated  Serrated Unserrated 
   

Leaf 
hairiness 

+   -    -   +    +      -     +    -    + +   - 

Petiole 
pubescence 

+      +     -     +    +      +     -   +    +   -    + 

Floral Traits            
Flower color Magenta  Light 

Pink 
Light 
yellow 

Dark 
Red 

White Pink  
color 
breakage 

crimson Dark 
Red 

Light 
Pink 

Peach 
puff 

Misty rose 

       
Inflorescence 
type 

Solitary Clustered Clustered Solitary Solitary 
Clustered

Clustered Clustered Clustered 
Clustered

Clustered Solitary Clustered 
Solitary 
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4.5.2 Bush shape 

 Bush shape varied significantly (P<0.001) among all parent cultivars and hybrid 

progenies as exhibited by ANOVA (Table 4.5.2). With in parent cultivars excellent bush 

shape was exhibited the cultivars Iceberg (V2) scoring 4.58 out of 5 points followed by 

Autumn Sunset (V1) getting 2.39 scores however the cultivar Handel (V8) exhibiting worst 

shape with spreading type frame work of branches (Table 4.5.11). With in the hybrid 

progenies outstanding performance having best bush shape was exhibited by H12 (2.05)  and 

H11 (V3XV4) having 2.06 scores followed by H4 (V1XV5) and H13 (V3XV8) scoring 2.08 

points however good  performance with respect to bush shape H18 (V7XV8) scoring  3.75 

showing very poor bush shape (Table 4.5.12). Bush shape is represented in the form of 

climing growth habibit (dominant) to non climing and dwarf (dominant) to nonwarf types as 

these traitstraits are controlled at the same locus (Dubois and Vries, 1987; Zlesak, 2006). 

Data regarding heterosis and heterobeltiosis revealed variations in bush shape (Table 4.5.13). 

Maximum value (20.12) for poor bush shape in the form of heterosis was shown by the 

progeny H18 as it yielded maximum value of mean scale (3.75). However progeny H14, 

H15, H18 showed similar values of heterosis. Maximum %Hb (20) was exhibited by the 

progeny H15 that is again poor performance of hybrid progeny. Most of the hbrids showed 

negative values of heterosis and heterobeltiosis which is the indication of excellent 

performance based on the scale (1=better bush shape and 3 poor spreading bushes) developed 

to evaluate the bush shape. Hybrid progeny H12 showed excellent bush shape with heterosis 

value (-43.2) and mean scale data value (2.05). In a mapping study Rajapakse et al. (2001) 

argued that when a spreading bush growth type was crossed with a sprawling ground cover 

growth type the resultant F1 plant was of an intermediate growth type. Upon selfing the F1 

plant, the F2 segregated for all three types in a ratio to suggest that these forms were 

inherited co dominantly. Lal et al. (1982) argued that plant spread has polygenic inheritance 

with a broad sense of hearitability (h2 = 0.88–0.95). Bush shape is qualitative character 

controlled by many factors envolving complex genes present at various loci (Lal et al, 1982). 

Moreover, Rajapakse et al. (2001) argued that spreading vs sprawling growth is controlled by 

major gene and is codominant.  
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4.5.3 Fragrance 

 Intensity of fragrance was measured by rating scale having points 4 with less 

fragrance and 1 with maximum fragrance. Results indicated that intensity of fragrance with 

in the parent cultivars and hybrid progenies varied significantly as presented in table 4.5.3. 

Maximum points (3.5) were scored by the parent cultivar V5 (Casino) which in turn is the 

indication of low amount of fragrance. Excellent fragrance was present in the cultivar Grand 

Margina (V7) scoring 1.5 points followed by Gruss an Teplitz (V9) getting 1.75 scores for 

fragrance (Table 4.5.11). Performance of cultivars for fragrance also varied significantly with 

in all hybrids as maximum fragrance was observed in H22 (V9XV7) scoring 1.58 points. 

Minimum fragrance was noted in the hybrid progeny H9 (V7XV1) having 3.58 scores (Table 

4.5.12).  

 Results of heterosis and heterobeltiosis showed that the progeny H11 showing 

heterosis value (-16) which is the indication of very good fragrance. In contrast H9 (V7XV1) 

showed the maximum value of %Ht (66) followed by H19 (53) which is the indication of 

poor fragrance in the hybrid.  Progeny H19 also showed maximum value of heterobeltiosis 

(44%) as shown in the table 4.5.13. Cherri-Martin et al., (2007) studied that population of Bo 

× Anna (Tetraploid roses) and concluded that fragrance is controlled by major gene and is 

quantitative (Lamerts, 1945) which in turns affect the presence and absence of monoterpene 

alcohols and aldehyde pathways.  

4.5.4 Prickles  

 Amount of prickles was judged by using rating scale having score 4 with maximum 

prickles and 1 with less or no prickles present on the flower bearing branches. Results of the 

ANOVA (Table 4.5.4) revealed that amount of prickles varied significantly (P<0.001) among 

all parent cultivars and hybrid progenies. Maximum amount of prickles (3.5 scores) was 

noted in the cultivar Grand Margina followed by cultivars Paradise (2.75) and Louise Odier 

(2.75). All other cultivars showed average number of prickles as shown in the table 

4.5.11.With in the progenies maximum amount of prickles (3.66 scores) was noted in the 

hybrid progeny H19 (V7XV8) followed by H1 (V1XV3) having rating score 3. Minimum 

amount of prickles (1.58 scores) was observed in Hybrid progenies H10 (V9XV1) and H12 

(V3XV7). However on average basis all other hybrid progenies showed medium number of 

prickles as presented in the table 4.5.12. 



 135

 Hybrid vigor evaluation of progenies showed that F1 progenies H1 (V1XV3) and 

H19 (V7XV9) showed maximum heterosis (20%) which shows the prsense of maximum 

prickles on this genotype as compared to all other progenies. Results revealed that genotype 

H12 showed minimum prickles on the canes with % heterosis (-52) followed by H10 (-42% 

Ht) Variations in heterosis and heterobeltiosis were also exhibited by all other progenies as 

well as shown in the table 4.5.13. Variations in the amount of prickles in the progenies and 

parents is due the the genetic makeup of each cultivar and the transfer of desirable genes as 

the presence of stem prickles has been reported to be controlled by a dominant gene 

(recessive conditions no stem prickles) at one locus in rose (Debener, 1999; Debener, 2003; 

Rajapakse et al., 2001).  Prickleness was introduced in the cv. ‘Basye’s Blueberry’ and was 

interrogated from Rosa blandam (Debener and Mattiesch, 1999; Rajapakse et al., 2001).  

4.5.5 Over all performance 

 All the progenies showed highly significant differences in overall performance as 

shown in ANOVA (Table 4.5.5). It was estimated for considering novel traits of growth and 

performance of the cultivars as did vary in all parent cultivars (Table 4.5.11). Progenies H17, 

H20 and H21 scored maximum points (3.58) followed by H8 (3.5) reflecting the poor 

performance of these progenies, however all other progenies showed better performance with 

respect to bush shape scoring lowest scores (2.0) for progenies H7 and H11 (Table 4.5.12). 

Data regarding heterosis and heterobeltiosis showed that progeny H21 showed maximum 

heterosis (30%) which is the indication of poor performance followed by progeny H8 

showing %heterosis (12). However genotype H7 and H11behaved in a similar fashion which 

yielded the same amount of heterosis (-30) for better performance. Hybrid vigor of the 

progenies with respect to better parent heterosis revealed that progeny H21 (V8XV9) 

exhibited maximum value (15.38) of heterobeltiosis showing overall poor performance. All 

other progenies also revealed variations in response with respect heterosis and heterobeltiosis 

whoever the genotype H7 showed minimum heterosis value (-38) which in turn triggered the 

better performance of this genotype over better parent ((Table 4.5.13). Over all performance 

of any genotype is a complex traits loci (Yan et al., 2007). Yan et al. (2007) argued that vigor 

of any cultivar is the product of the performance of various growth and yield attributes is also 

afftced by environment 
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4.5.6 Flower diameter (cm) 

 ANOVA revealed that there were non significant (P>0.001) differences among parent 

cultivars with respect to flower diameter however hybrids of these parent varieties showed 

significant (P<0.001) differences in diameter (Table 4.5.6). Data regarding the flower 

diameter of the parent cultivars is presented in the table 4.5.11. Comparison of means for 

flower diameter in hybrid progenies exhibited a lot of variations. Maximum flower diameter 

(6cm) was produced by the progeny H19 (V7XV9) followed by progeny H14 (V4XV8) 

yielding 5.7 cm diameter of flower (Table 4.5.13). Performance of progenies in the form of 

heterosis and heterobeltiosis revealed that progeny H4 exhibited %Ht (24.1) and Hb (15.03) 

followed by H6 having Ht (19.7%) and Hb (9.4). Hybrid vigor with respect to flower 

diameter was also shown in the progenies H5, H7, H8, H9, H10, H11 and H14 however in 

some cases amount of % heterosis was low as shown in the table 4.5.13. These results 

correlate with findings of Tabassum et al. (2002) while working of different hybrid tea roses 

got flower diameter 5.17 cm to 7.93 cm in cvs Regret Berg and Alexndra.  Manjula (2005) 

while working on performance of hybrid rose cultivars revealed that the cultivars variation 

recorded in different flowering characters may be due to differences in the inherent make up 

of these cultivars and environmental conditions. Shupert et al. (2007) while studying the 

cross population of Old Blush × WOB13/21/26 stated that flower diameter (size) is cotrolled 

by QTL and is additive.  Few old garden and modern roses exhibit double flower and was 

introduced from Rosa multiflora (Debener and Mattiesch, 1999) 

4.5.7 Height of plant (m) 

Height of the plants varied significantly (P<0.001) in both parent cultivars and hybrid 

progenies as predicted by ANOVA (Table 4.5.7). Comparison of mean values of height of 

the plants in parent and progenies exhibited contrasting differences resulting maximum plant 

height (0.89m) in the parent cultivar V8 (Handel) followed by Gruss an Teplitz (V9) having 

0.83m long bushes (Table 4.5.11). Results with in hybrid progenies showed that maximum 

(0.733m) height was measured in H19 (V7XV6) followed by H21 (V8XV9) yielding 0.72m 

height of the plant as presented in the table 4.5.12. Zeinali et al. (2009) while performing 

morphological studies in Rosa damaceana genotypes and measured similar height in roses 

bushes (0.64 m – 0.84 m). Vraitaion in plant heigt correlated to the findings of Tabassum et 
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al. (2002) who studied the reponse of various hybrid tea cultivars and observed 0.871m to 

1.39 m height in the bushes. 

 Studies on hybrid vigor in hybrid progenies showed varying results in the form of % 

heterosis (Ht) and heterobeltiosis (Hb). Progeny H8 (V6XV1) exhibited maximum heterosis 

(27.7%) followed by H15 (V4XV5) having 18.09% heterosis. Maximum hybrid of progeny 

over better parent was performed by the progeny H10 (V9XV1) having 15% heterobeltiosis. 

All other progenies also showed variations in vigor over parents as shown in the table 4.5.13. 

Dubois and Vries (1987) studied the inheritace of plant height in the crosess of Polyantha × 

R. chinensis minima and noted that plant height (Dwarf vs. non dwarf) is controlled by Major 

gene D and is dominant.  

4.5.8 Number of petals per flowers 

 Number of petals per flower varied significantly (P<0.001) with in parents and 

progenies (Table 4.5.8). With in the parent cultivars maximum number of petals (57) was 

produced by the cultivars Angel Face (V9) followed by Handel (V8) yielding 42 petals per 

flower as presented in the table 4.5.11. With in the hybrids maximum numbers of petals per 

flower (40) was produced by H19 (V7XV9) followed by H21 (V8XV7) having 39 petals per 

flower (Table 4.5.12). These results are in accordance with Bhattacharjee et al. (1993) 

obtained maximum petals with Cv. Dr. B.P. Pal (47.80), whereas minimum number of petals 

was recorded in Cv. Raja Surrender Singh of Nalagarh. Tabassum et al. (2002) also got 

similar results in hybrid tea cultivars 

 Data regarding heterosis and heterobeltiosis is presented in the table 4.5.13). Results 

indicated that for number of petals per flower progeny H2 exhibited maximum hybrid vigor 

showing % heterosis (51) and heterobeltiosis (49.2) followed by H11 having % heterosis (53) 

and heterobeltiosis (18.6). Hybrid vigor over parents was also shown by progenies H3, H6, 

H12 and H14 both for % heterosis and heterobeltiosis. Lamerts (1945) argued that number of 

petals per flower is controlled by dominant gene and is quantitative in nature. Moreover, 

Shupert et al.  (2007) also confirmed the additive nature of these traits while studying the 

population of Old Blush × WOB13/21/26. 

4.5.9 Petal length (mm)  

 Petal length varied significantly (P<0.001) among parent cultivars and hybrid 

progenies as predicted by ANOVA (Table 4.5.9). Among the progenies maximum petal 
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length (15.1 mm) was produced by V7 (Grand Margina) followed by V3 (Paradise) yielding 

14.57 mm long petals as presented in the table 4.3.6. With in the hybrid progenies the 

performance of the progenies H22 and H19 was better yielding 16mm long petals followed 

by H12 yielding 15.5mm long petals (Table 4.5.12) 

Mid parent heterosis (Ht) and better parent heterosis (Hb) revealed variation in 

superiority of hybrid progenies for petal length. Maximum % heterosis (24.9) was exhibited 

by the progeny H20 followed by H2 (3.84) while maximum % heterobeltiosis (4.6) was 

shown by the progeny H20 (Table 4.5.13). Overall most of the progenies showed negative 

heterosis which indicated less vigour of the progenies over parents for this particular trait. 

Lamerts (1945) Lal et al. (1982) argued that length of petals varies from long to very short 

and is controlled by dominant gene and is quantitative.  

4.5.10 Flower persistence life in the field  

 Flower persistence in the form of days from flowering opening to the start of 

senescence varied significantly among all parent cultivars and F1 progenies as predicted by 

ANOVA (Table 4.5.10). Comparison of means for FPL (Table 4.5.11) revealed that 

maximum number of days (16.5) from flower opening to start of senescence was taken by the 

Angel Face followed by Paradise (15days). With in the hybrid progenies H15 (V4XV5) 

performed better resulting 15.5 days from flower opening to start of the senescence followed 

by H14 (V4XV8) having 15.3 days flower persistence life in the  field conditions however 

the performance of H11 was not satisfactory as it showed minimum (9 days) FPL in field 

conditions (Table 4.5.12). These findings similar to Tabassum et al. (2002) who got similar 

results (17.17 days in cv. Golden Times) for flower presistnace life while evaluating hybrid 

tea cultivars in D.I Khan, Pakistan. Flower shelf life depends on the senescence of the tissues 

as Farrante et al. (2010) revealed that flower shelf life (aesthetic value) is related to genes 

that control senescence process and as a result of senescence discoloration and death of 

tissues takes place leading to the abscission of petal 

 Estimation of heterosis and heterobeltiosis for superiority or inferiority of hybrid over 

there parents exhibited by all progenies however, progeny H3 (V1XV7) showed maximum 

heterosis (9.8%) followed by H8 (8.8%). Similarly, progeny H8 also exhibited maximum 

heterobeltiosis (8.8%). (Table 4.5.13). Inheritance of flower presistance life is not yet 

documented in roses. Morover, similar variations were also observed in all other progenies 



 139

with respect heterosis and heterobeltiosis.  Manjula (2005) while studying the performance of 

hybrid roses found that flowers shelf life of Cv. First Red was 15.13 days from harvest stage 

to senescence. Cultivars, GrandGala and Ravel statistically performed in almost similar 

behavior taking 15.06 and 14.46 respectively. Minimum number of days (10.46) for complete 

decline of flowers was recorded in Cv. Lambada 

4.5.11 Cluster analysis of parent cultivars and progenies  

Cluster analysis of the parent cultivars and progenies on the basis of quantitative tarits is 

presented in the figure 4.5.1. Dandogram was helpful to arrange the cultivars and hybrid 

progenies into five main clusters. Cluster one mainly consisted of 8 genotypes on the basis of 

their similar quantitative performance. Based on detailed observation in cluster one, cultivar 

V1, V2 and progeny H17 behave more similar sharinh almost same cofficeinet of variation. 

Similarly in cluster two, nine genotypes were grouped together sharing similar caharcters but 

showing little diversity in coefficient of variation. In group three, almost all genotypes shared 

similar cofficent of variations and hence were similar in performance for quantitative traits 

but diverse from other groups. In cluster five and six also variations were obtained with 

repect to quantitative traits hense genotypes in both groups behaved similar. The clustering of 

all genotypes into various groups is due to their same perfornace for some of the quantitative 

traits and differenen in other traits. Most of the parent cultivars did not grouped with their 

progenies ispite they contributed in crosses as parents. One cause is that this clustering is 

developed on the basis of phenotypic (quantitative) characters hence variations are arisen in 

the progenies as well. Tabaei-aghdaei et al. (2004), Tabaeiaghdaei et al. (2005) and Zeinali et 

al. (2009) also used cluster analysis to compared genotypes of R. damascena based on flower 

yield   characteristics and showed significant differences in terms of the measured traits. 
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Figure 4.5.1 : Dandogram showing relation among parent cultivars and progenies 

 

Table 4.5.2: Completely Randomized ANOVA for Bush Shape for progenies 
 

Source          DF                    SS                    MS               F                  P 
Genotype      21                    9.9953             0.47597        18.9             0.0000 
Error             44                    1.1100             0.02523 
Total             65                    11.1053 
Grand Mean= 2.7379          CV= 5.80 
 
Table 4.5.3: Completely Randomized ANOVA for Fragrance for progenies 
 

Source         DF                 SS                 MS                   F           P 
Genotype     21                  10.9272        0.52034            6.57      0.0000 
Error            44                  3.4865          0.07924 
Total            65                  14.4138 
Grand Mean= 2.5071         CV= 11.23 
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Table 4.5.4: Completely Randomized ANOVA for Prickles for progenies 
 
Source         DF                    SS                 MS                 F                  P 
Genotype     21                    13.5544         0.64545           27.3            0.0000 
Error            44                    1.0400           0.02364 
Total            65                    14.5944 
Grand Mean= 2.3530            CV= 6.53 
 
Table 4.5.5: Completely Randomized ANOVA for Over All Performance of progenies 
 
Source         DF                     SS                     MS                F                  P 
G enotype    21                     17.1829             0.81823         26.5               0.0000 
Error            44                     1.3600               0.03091 
Total            65                     18.5429 
Grand Mean= 2.6917         CV=  6.53 
 
Table 4.5.6:  Completely Randomized ANOVA for Flower diameter for progenies 

 
Source            DF                    SS                 MS                F               P 
Genotype        21                    18.5903        0.88525          9.37        0.0000 
Error               44                    4.1583           0.09451 
Total               65                    22.7485 
Grand Mean= 5.1364         CV= 5.99 
 
Table 4.5.7:  Completely Randomized ANOVA for Height of plant for progenies 
 

Source             DF                   SS                MS                   F           P 
Genotype         21                   0.23224       0.01106          3.48       0.0002 
Error                44                   0.13987       0.00318 
Total                65                   0.37211 
Grand Mean= 0.6373         CV= 8.85 
 
Table 4.5.8: Completely Randomized ANOVA for Number of petals per flowers for 
progenies 
 
Source          DF               SS                MS                F               P 
Genotype      21              2949.27         140.442         63.9         0.0000 
Error             44               96.67            2.197 
Total             65              3045.94 
Grand Mean= 25.970            CV= 5.71 
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Table 4.5.9:  Completely Randomized ANOVA for Petal length for progenies 
 
Source            DF                   SS                MS                  F              P 
Genotype        21                  117.543       5.59730           9.20       0.0000 
Error               44                   26.782        0.60867 
Total               65                   144.325 
Grand Mean= 13.780         CV= 5.66 
 
Table 4.5.10: Completely Randomized ANOVA for Flower Persistence Life for 
progenies 
 

Source         DF                      SS                 MS                F                 P 
Genotype     21                     108.027          5.14413         3.76            0.0001 
Error            44                      60.240           1.36909 
Total            65                     168.267 

Grand Mean= 13.733          CV= 8.52 

 
Table 4.5.11: Mean values for the quantitative traits of the cultivars used as parent 

Cultivars NOPPF FD (cm) PL (cm) HOP (m) Frag. FPL (days)  Prick. BS 
V1 16.06 G 4.86 B 14.50 A 0.59 BCD 2.75 B 12.60 C 2.25 C 2.39 D 
V2 19.83 F 5.45 AB 11.58 C 0.63 B 2.66 BC 11.00 D 2.16 C 1.75 E 
V3 28.58 E 5.05 B 14.56 A 0.63 B 2.00 DE 15.50 AB 2.75 B 2.66 CD 
V4 16.25 G 5.40 AB 11.55 C 0.55 BCD 2.75 B 16.50 A 2.50 BC 2.50 D 
V5 60.75 A 5.27AB 13.17 B 0.49 CD 3.50 A 14.50 B 2.66 B 3.00 C 
V6 48.50 C 5.37 AB 10.52 C 0.47 D 3.00 B 14.50 B 2.75 B 3.50 B 
V7 30.00 E 6.105 A 15.10 A 0.60  BC 1.50 F 14.50 B 3.50 A 2.75 CD 
V8 42.00 D 5.42 AB 14.36 AB 0.89 A 2.28 CD 14.50 B 2.50 BC 4.66 A 
V9 57.41 B 5.32 AB 14.14 AB 0.83 A 1.75 EF 14.50 B 2.66 B 4.58 A 

     Where:  
      NOPPF= Number of petals per flower    LOP= Length of petal 
      PL = Pinnate length (cm)                         Frag. = Fragranc          
      FPL= Flower persistence life                  BS = Bush shape          
      FD= Flower diameter (cm)                      OAP= Overall performance 
      Prick. = Prickles      
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Table 4.5.12: Mean Values for quantitative traits of F1 progenies 

Progenies NOPPF FD (cm) PL (cm) HOP (m) Frag. FPL(days)  Prick. BS OAP 

H1 (V1XV3) 18.00 HI 4.99  EFG 14.4BCD 0.63BCDEFG 2.39 CDE 13.83 ABCD 3.000  B 2.67 CD 2.88 BC 

H2 (V1 XV4) 25.00 DE 3.913 H 14.16CDE  0.5500  GH 2.69 BC 14.16 ABCD 2.08 GH 2.67 CD 2.25 GHI 

H3 (V1 XV7) 25.00 DE 4.566 G 12.63  FG 0.6033  FG 2. DE 14.83ABC  2.33 EFG 2.58 DE 2.75 CD 

H4 (V1 XV5) 21.00 FG 4.86  EFG 13.26 DEF 0.5067   H 2.36 CDE 14.50 ABC 2.66 CD 2.08 FG 2.66 CDE 

H5 (V1 XV6) 31.00 C 4.90 EFG 14.16 CDE 0.5733  FGH 2.65 BC 13.33 CDE 2.41 DEF 2.91 BC 2.08  HI 

H6 (V3 XV1) 32.00 C 5.10  DEF 13.03 EFG 0.5767 FGH 2.00  EF 13.50 BCDE 2.00 H 2.58 DE 2.5DEFG 

H7 (V8 XV1) 21.67 F 5.16 CDEF 13.83 DEF 0.63BCDEFG 2.56 BC 14.50 ABC 2.25 FGH 2.91 BC 2.000  I 

H8 (V6 XV1) 26.00 D 5.5 ABCD 11.93  GH 0.65ABCDEF 2.63 BC 13.53   BCD 2.51 DE 2.33  EF 3.500 A 

H9 (V7 XV1) 23.00 EF 5.60ABCD 13.06 EFG 0.5967 FGH 3.583 A 14.500  ABC 2.08 GH 2.58 DE 2.67CDE 

H10 (V9 XV1) 30.00 C  4.93  EFG 12.60 FG 0.586  FGH 3.000  B 13.33   CDE 1.5833 I 2.58 DE 2.08 HI 

H11 (V3 XV4) 35.00 B 4.83  EFG 13.66 DEF 0.62 CDEFG 2.00  EF 9.5000    F 2.41 DEF 2.06  G 2.000  I 

H12 (V3 XV7) 32.00 C 5.2  BCDE 15.53AB 0.70 ABCD 2.50 CD 14.50 ABC 1.5833 I 2.05 CD 2.5DEFG 

H13 (V3 XV8) 19.00 GH 5.6 ABC 14.1 CDE 0.69ABCDE 2.58 BC 13.60 ABCD 2.08 GH 3.083 B 2.58 DEF 

H14 (V4 XV8) 19.00 GH 5.70 AB 14.2BCDE 0.69ABCDE 2.41CDE 15.333  AB 2.00 H 2.91 BC 2.58 DEF 

H15 (V4 XV5) 30.00 C 3.8900 H 12.733 FG 0.65ABCDEF 3.000  B 15.500  A 2.33 EFG 2.91 BC 2.41 EFG 

H16 (V6 XV8) 22.67 EF 4.750 FG 11.93 GH 0.63BCDEFG 2.50 CD 13.533 BCD 2.16 FGH 2.67 CD 3.166 B 

H17 (V6 XV7) 18.00 HI 5.5 ABCD 10.933  H 0.6100 EFG 3.000  B 13.50 BCDE 2.66 CD 2.91 BC 3.583 A 

H18 (V7 XV8) 22.67 EF 5.6 ABC 14.1 CDE 0.70 ABCD 2.08 DE 14.333  ABC 2.91 BC 3.750 A 3.083 B 

H19 (V7 XV9) 40.00 A 6.00 A 16.03 A 0.7333  A 2.50 CD 12.33    DE 3.666 A 2.33 EF 2.33 FGH 

H20 (V8 XV6) 16.00  I 5.5 ABCD 15.4 AB 0.62 DEFG 2.25 CDE 14.833  ABC 2.08 GH 3.500 A 3.583 A 

H21 (V8 XV9) 39.00 A 5.16 CDEF 15.1ABC 0.7200  AB 2.50 CD 13.533 BCD 2.33 EFG 3.000 B 3.583 A 

H22 (V9 XV7) 25.00 DE 5.5 ABCD 16.03 A 0.713 ABC 1.584  F 11.600     E 2.58  DE 2.50 DE 2.41 EFG 
                                                                             Alpha= 0.05     Standard Error for comparison = 0.1435 
      Where:  
      NOPPF= Number of petals per flower    LOP= Length of petal    PL = Pinnate length (cm)                     Frag. = Fragranc   Prick. = Prickles              
       FPL= Flower persistence life                  BS = Bush shape         FD= Flower diameter (cm)                      OAP= Overall performance    
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     Table 4.5.13: Heterosis  and heterobeltiosis (%) of F1 progenies for various quantities traits 
 

Progeny %Ht/Hb NOPPF FD(cm) PL(cm) HOP(m) Fr. FPL(days) Pr. BS OP
H1 

(V1XV3) 
% Ht  -20.87 14.55 -4 2.43 -1.473 -3.57 20 10 7.27
% Hb -38.46 4.721 -7.09 0 -14.9 -12.9 9.09 0 -1.66

H2 
(V1XV4) 

% Ht  51.51 -1.5 3.84 -5.17 10.4 -3.44 -15.78 15.78 -14.28
% Hb 49.25 -2.05 -6.89 -0.833 0.36 -15.15 -0.2 10 -18.18

H3 
(V1XV7) 

% Ht  12.43 -9.63 -17.44 -5.78 10.117 9.54 -21.73 -13.04 10
% Hb -13.33 -26.2 -19.6 -6.5 -14.9 -1.8 -35.7 -28.5 10

H4 
(V1XV5) 

% Ht  -48.05 24.1 -10 -0.9 -26.4 0.7 10 -15.7 -12.5
% Hb -67.07 15.03 -13.1 -10 -34.2 -6.2 0 -20 -4.18

H5 
(V1xV6) 

% Ht  -7.3 2.9 9.31 0 -9.5 -0.4 0 0.2 -0.36
% Hb -38.1 -11.5 -6.9 -10 -13.3 -4 -9.09 9 -46.6

H6 
(V3XV1) 

% Ht  40.6 19.7 -15.3 -0.81 -15.7 -4.2 -0.5 11 -9
% Hb 9.4 9.4 -18 -3.1 -27.27 -13.5 -15.7 11 -16.66

H7 
(V8XV1) 

% Ht  -31.33 5.93 -5.92 -10.06 -1.6 1.75 0 0 -30.43
% Hb -52.38 5.9 -6.9 -24.7 -10.54 -9.3 0 -20 -38.46

H8 
(V6XV1) 

% Ht  -18.75 19.17 -6.07 27.7 25.3 8.03 -4.2 -10 12.23
% Hb -46.39 2.4 -20 15 -11 8.03 -12.7 -18.18 -6.67

H9 
(V7XV1) 

% Ht  -1.6 11.9 -10.06 4.13 64.7 2.47 -30.4 -13.04 0
% Hb -23 -8.6 -12.4 3.2 27.27 -8.2 -42.8 -28.5 -8.3

H10 
(V9XV1) 

% Ht  -18.9 6.9 -16.2 -15.6 33.3 -8.33 -40 0 -20
% Hb -48.05 -7.5 -17.8 -27.5 9.09 -12 -45.45 -9.09 -20

H11 
(V3XV4) 

% Ht  53.84 10.98 0 -0.84 -16.78 -40.6 -9 -15.78 -30.4
% Hb 18.6 3.26 -12.9 -6.3 -27.27 -42.4 -9.09 -20 -33.3

H12 
(V3XV7) 

% Ht  8.01 0.371 1.948 14.51 42.85 -7.3 -52 -43.2 8.33
% Hb 6.6 -11.6 1.3 12.6 25 -8.22 -57.1 -21.4 -8.3

H13 
(V3XV8) 

% Ht  -46.6 19.4 -5.22 -3.94 17.64 43 -15.7 0 -20
% Hb -54.7 18.6 -6.45 -17.9 11.11 -17.8 -11.11 -20 -23.07

H14 
(V4XV8) 

% Ht  3 10.2 -6.01 -13.1 10 -10.17 5.26 20 -16.6
% Hb -28.5 -3.17 -17.2 -29.2 0 -10.7 0 0 -23.07

    H15 
(V4XV5) 

% Ht  -22.07 -5.2 -0.81 18.09 -4.2 0 -14.28 20.12 -16.6
% Hb -50.6 -11.72 -8.1 10.7 -14.2 -6.1 -18.18 20 -23.07

   H16 
(V6XV8) 

% Ht  -48.02 -5.84 -8.3 -6.56 -4.76 -0.34 -10 0 -7.14
% Hb -52.5 -11.54 -23.17 -28.08 -16.6 -13.09 -20 0 -13.3

H17 
(V6XV7) 

% Ht  -54.1 -4.09 -16.8 16.66 33.3 -4.59 -12 -4.3 7.69
% Hb -62.8 -9.8 -30.7 1.6 0 -14.5 -21.4 -14.2 -6.6

H18 
(V7XV8) 

% Ht  -36.1 6.28 6.37 -5.33 6.76 -14.11 3.98 20.34 -4.123
% Hb -45.2 -5.7 -5.2 -20.22 -11.11 -16.6 -14.28 7.14 -7.69

    H19 
(V7XV9) 

% Ht  -8.83 5.2 6.44 0 53.8 -12.08 20.145 -25.41 -14.28
% Hb -30.7 -1.6 2.6 -14.9 42.8 -24.05 7.1 -35.7 -18.18

    H20 
(V8XV6) 

% Ht  -64.6 9.01 24.9 -8.02 -14.28 -1.02 -20.47 7.69 0
% Hb -67 2.4 4.6 -29.2 -25 -13.6 -27.27 -6.66 -6.66

     H21 
(V8XV9) 

% Ht  -21.8 -0.99 4.63 -18.18 37.5 -3.81 -10.12 -4.23 30.43
% Hb -32.4 -5.6 4.6 -19.1 22.2 -19.04 -18.18 -20 15.38

    H22 
(V9XV7) 

% Ht  -43.01 -3.5 6.44 -4.05 -7.69 -20.87 -20 -28.57 -4.76
% Hb -56.7 -9.8 2.6 -18.4 -14.2 -71.6 -28.5 -28.5 -9.09

            Where: 
NOPPF= No. of pollens per flower                     FD (cm) = Flower diameter (cm) 
PL (cm) = Petal length (cm)                                HOP (m) = Height of plant (m)  
Fr. = fragrance           Pr. = Prickles                    FPL (days) = Flower persistence life (days) 

               BS= Bush shape                                                  OP= Over all Performance 
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4.6  Hybrid identification and genetic diversity analysis of parent and 
hybrid progenies 

 
 All ten selected primers showed the discriminative power of differentiation for 

specific locus in all samples. Estimates of genetic diversity varied remarkably among loci. 

Observed heterozygosity (Ho) based on Nei’s estimation revealed that the locus H10, CL9 

and RW54 contributed equally for generating more variation and scored maximum number 

of alleles for respective locus (Table 4.6.1). In contrast, locus H23 and H22 exhibited less 

discriminative power with respect to heterozygosity and samples minimum number of 

polymorphic alleles. For all loci, observed heterozygosity (Ho) value was higher than that of 

expected heterozygosity (He). On overall, basis excellent performance was presented by 

locus RHB which scored maximum alleles per locus and showed reasonable heterozygosity 

value, followed by locus H10, CL9 and RW54 as presented in the table 4.6.1. Numbers of 

allele per locus were calculated for all population groups and for each group individually 

against each locus. Allele fixation trends were also observed for different loci and individual 

groups. Low genetic diversity for locus H23 and H22 is an indication of more allele fixation 

and less number of allele sampled where three and two alleles were fixed respectively and 

also few samples did not generated any bands and data as shown in table 4.6.2. There was no 

fixation trend was observed for other locus and population groups as locus H10 and CL9 

showed no allele fixation hence scored maximum number of alleles per locus (17) and also 

observed heterozygosity.   

Table 4.6.1. Gene diversity for all populations    
Locus He Ho N Ht Hs Dst Gst A/L 

H10 0.837 1.000 17 0.893 0.843 0.050 0.056 1.895 
RW55 0.864 0.765 15 0.916 0.872 0.044 0.048 1.915 
CL9 0.797 1.000 17 0.881 0.794 0.087 0.098 1.885 
C172 0.778 0.788 10 0.810 0.779 0.031 0.038 1.812 
RW54 0.812 1.000 16 0.857 0.813 0.044 0.052 1.859 
RHB 0.827 0.848 20 0.929 0.824 0.105 0.113 1.926 
RMS 0.664 0.712 15 0.893 0.648 0.245 0.274 1.894 
H23 0.660 0.508 9 0.759 0.646 0.113 0.149 1.754 
H22 0.672 0.652 9 0.741 0.666 0.075 0.101 1.744 
RW12 0.796 0.924 11 0.839 0.798 0.041 0.049 1.841 
Mean 0.771 0.820 14 0.852 0.768 0.084 0.098 1.853 
He= expected heterozygosity   Hs= Average gene diversity with in populations 

Ho= Observed heterozygosity   Dst= Average gene diversity between population 

N= Total number of alleles sampled per locus Gst= Genetic differentiation between populations 

Ht= Total gene diversity   A/L= Allelic Richness per locus for all opulations 
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                              Table 4.6.2. Genetic diversity for all samples 

Locus HE HO N 

H10D03 0.837 1.000 17 

Rw55E12 0.864 0.765 15 

CL2996 0.797 1.000 17 

C172 0.778 0.788 10 

Rw54N22 0.812 1.000 16 

RhB510 0.827 0.848 20 

RMS015 0.664 0.712 15 

H23O17 0.660 0.508 9 

H22F01 0.672 0.652 9 

Rw12J12 0.796 0.924 11 

Mean 0.771 0.820 14 

HE= expected heterozygosity  

HO= Observed heterozygosity  

D= Total gene diversity  

 

Genetic diversity within and between populations groups was computed several ways (Table 

4.6.1). For each locus total gene diversity (Ht) was calculated and mean for all loci is 0.852 

while the average gene diversity (Hs) for all loci is 0.768. If samples were randomly selected 

from population groups they should differ on average at 76.8% and if population groups are 

chosen individually from the whole sample lot the genetic difference increases to 85.2%. 

Average gene diversity between population (Dst) and genetic differentiation between 

population (Gst) values are 0.084 and 0.098 respectively thus 9.8 % of the overall variation is 

due to differences between population groups and diversity among population group is 8.4%  

 Comparison of the genetic diversity within the population showed that all population 

groups showed variation for genetic diversity within the population against all locus, 

however, population group 1, 2, 4, 13, 15and 18 showed nearly same values of genetic 

diversity; other population groups (3, 5, 6, 7,8 , 9, 11, 12, 14, 17, 19, 29, 21 and 22) behaved  
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Figure 4.6.1: Dendogram showing relation amonmg parent cultivars and F1 progenies 
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in a similar fashion hence little differences will be observed in their average genetic diversity 

values followed by group 10 and 16 as shown in the (see appendix).  

 Overall comparison of genetic similarity among parent cultivar and hybrid progenies 

samples is shown in figure 4.6.1 which is rooted with cultivar Casino (V5). It is clear from 

the dendrogram that parent cultivars and progenies compiled them selves into seven main 

groups. Little differences were observed with in the groups of parent cultivars and their 

hybrids. So as compared to rooted cultivar “Casino” distinct differences were observed 

among parent cultivars as they also performed different morphological characters in the field. 

 

                                                   

                            
Figure 4.6.2: Dendogram showing diversity within parents (Left) and among parents and 

hybrids (Right, A, B, C, D, E and F) 
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 Confirmation of hybrids was done by comparing the common alleles (bands) between 

parent and hybrid against all primers (Figure 4.6.3, 4.6.4 & 4.6.5) Further more phenatic 

relationship was developed among hybrid progenies and parents to confirm the extent of 

contribution of each parent for genetic makeup of hybrid (Figure 4.6.2). All other hybrids 

were identified in the same method. Moreover vraitions in allele size among parent cultivars 

and hybrid made the bais of genetic diversity studies (Figure 4.6.6 & 4.6.7).   

Genetic diversity in roses has be perfomed by many researchers using various 

molecular markes besed on their objectives. Riaz (2006) studied the genetic diversity among 

wild roses in Pakistan and Smulders et al. (2009) analysed the DNA profiles of 734 Hybrid 

Tea Rose varieties to develop phenatic relationship among them using SSR markers. 

Identification of hybrids using male parent specific RAPD markers has also been reported in 

black pepper (Piper nigrum L.) (George et al., 2005). Whereas, SSR markers have been 

successfully utilized in identifying hybrids between red and cultivated rice (Gealy et al., 

2002), cotton (Asif et al., 2009) and Phyllostachys species (Lin et al, 2010). 

 

          

                                       

                            

             Figure 4.6.3: Amplification of Parent cultivars against locus C172 
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                         Locus H22                                                                                                Locus RW54                                                       

 

Figure 4.6.4: Amplification of common alleles among parents and hybrid by locus H22 and RW54 

 

        

                Locus RW54                                                  Locus RW54 

 Figure 4.6.5: Comparison of parent and hybrid H10 and H7 against Primer RW54 

               

    Figure 4.6.6: Allele size in Hybrid H3 against Primer RW54  
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      Figure 4.6.7: Allele size in Hybrid H20 against Primer CL9 
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Chapter 5                                                                                             

DISCUSSION 

5.1 Morphological description and evaluation of parent cultivars                       

 Data regarding morphological parameters and yield attributes varied according to 

cultivars and months during growth period. Variations in the yield traits may be attributed to 

the differences in genetic makeup and vigor of each cultivar as Manjula (2005) while 

working on performance of hybrid rose cultivars revealed that the cultivars variation 

recorded in different flowering characters may be due to differences in the inherent make up 

of these cultivars. Data according to number of flowers and diameter of flowers revealed 

variations in produce. Zhang (2003) stated that a single gene (Rb = repeat bloom) on the D2 

linkage group of the 97/7 progeny is responsible for number of flowers per plant. The results 

of the present study correlate with findings of Anderson et al. (1992) who observed that Rosa 

hybrida cv. Victory Parade produced maximum flowers per plant (22.0) whereas cv. 

Dreaming Parade fewest (10.0). These two cultivars reached their maximum number of 

flowers plant 4 and 8 days later than the other cultivars, respectively. The effect of climatic 

factors like humidity, temperature and rainfall seems to be limiting factores for the growth 

and yield in roses.  Reduction in number of flower and diameter of flower from April to own 

ward seems to be affected by the increase in temperature and decrease in relative humidity. 

Pettersen et al., (2006) argued that number of flowers/ plant is increased by 34% due to 

diurnal variations in air humidity under continuous period from 18 to 24h day-I and decrease 

the number of days until flowering by 12% in roses. The transport of photosynthetic 

assimilates to the developing floral buds may seems to be triggered by the amount of 

endogenous growth regulators in the flower (Halevy, 1987). Other important factor is 

nutritional status of the plants as Van der Sar et al. (2005) suggested that balanced nutrition 

may lead to maximum growth without nutrient shortages, in parallel with a low use of water 

and nutrients with minimum environmental losses. One of the hypotheses is that intensity and 

severity of pruning also affect the time and number of flowers per plant as Farrante et al. 

(2010) argued that time and height of pruning considerably affects the size of flower by 

altering the vegetative growth equilibrium. There is no documented literature about 

inheritance of flower size in roses but the flower size in blueberries has an additive gene 
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action. The F
1 

hybrids have flower size intermediate to the two parents (Ritzinger and 

Lyrene, 1999). Similar findings were derived from the experimentation of Singh et al. (1994) 

who observed that hybrid tea rose cv. Nurjehan produced maximum flowers per plant (58.8), 

largest flower diameter (9.3 cm), had deep flower bud (4.2 cm) and was most fragrant and is 

best suited for cut flower production. According to Mulla et al. (1995) number of flowers per 

plant was maximum in cv. Nania followed by cv. Devotion from the hybrid tea group. Very 

strong correlations were also present between number of days to flowering and yield of 

flowers plant, between length of flower stem, quality and yield of flowers plant, and between 

bud length of flower and stem quality (Argatu and Diaconescu, 1996). Gowda et al. (1979) 

argued that hybrid rose Cv. Eiffel Tower produced highest number of marketable flowers 

(21.50/plant) followed by Jovencelle (16.50), Summer Queen (10.70) Elida Cardinal, First 

Prize, Agena and Jhon F. Kennedy (4.00).Variation in number of flowers in roses was also 

studied previously by Tabassum et al. (2002) and Khattak (1991). 

 Height of the plant and number of primary branches per plant also varied significantly 

among all cultivars. Possible cause of the variation in response of cultivars is due to 

environmental, genetic and management factors as Bernier et al. (1993) explained that 

environmental factors (e.g. irradiance, photoperiod, temperature, water availability) are 

important for the purpose of controlling the transition to flowering in plants. These factors 

also interact with each other. Light intensity is the most important climatic factor affecting 

rose plant growth and flowering (Zieslin and Mor, 1990). 

 Light increases yield by promoting bud break and decreasing flower abortion. 

Adequate lighting accelerates the development of the flowering shoot, thus reducing the time 

between f1ushes (Moe and Kristoffersen, 1969; Carpenter and Anderson, 1972; Zieslin and 

Mor, 1981; Bredmose, 1993). In the present study increment in height and number of 

primary branches were recorded as the time passed from the month of April to October due 

to variation s in temperature and genetic factor as cultivar Handel produced maximum height 

because it is climber and has trailing type of growth. Similar assumptions were explained by 

Bhattacharjee et al. (1993) while studying on hybrid tea roses recorded maximum stem 

length and diameter of shoots in Cv. Eiffel Tower, whereas highest diameter was recorded 

with Raktha Gandha, The Cv. Sonia Meilland was earliest to initiate flowering after pruning, 
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the Cv. Raja surrender Singh of Nalagarh recorded maximum vase life of (10.60 days) 

fallowed by Cv. Dr. B.P. Pal (9.8 days).  

 The results of the present study also correlate with findings of Khattak et al. (1995) 

who evaluated performance and adaptability of ten exotic rose cultivars in D. 1. Khan and 

found that cv. Paradise was the tallest and produced large sized flowers without fragrance. 

Mulla et al. (1995) compared the growth and flowering characteristics of 43 promising rose 

cultivars on medium black soil at Maharashtra and observed that plant height was maximum 

in cv. Hokatu, followed by cv. American Heritage and these were recommended as cut 

flowers.  

 Number of petals per flower varied significantly as it depends on the genetic makeup 

and floral bud initials. This correlates with the assumption of Lammerts (1945b) that there is 

variation in number of petals among different Rosa species and number of petals 

(doubleness) is controlled by dominant gene and has quantitative inheritance. The degree of 

dominant gene with more alleles contributes to more flowers petals i.e dddd having five 

petals and DDdd having medium number of petals and DDDD having maximum number of 

petals. Double-flowered cultivars have more petals or “petaloids” than the basic five petals 

and this increment in number of petals seems to be due to conversion of pistil and stamens 

into petals and petaloids. Furthermore, increased vigor of scion due to contribution of 

rootstock can affect the number of petals in flowers (Morey, 1959). According to Zlesak 

(2006) petal number in double flowers also seems to be determined by a relative proportion 

of floral initials as early season flowers and primary flowers in clusters tend to have more 

floral initials than later season blooms and secondary and tertiary flowers and therefore have 

more petals. These results are in accordance with Bhattacharjee et al. (1993) obtained 

maximum petals with Cv. Dr. B.P. Pal (47.80), whereas minimum number of petals was 

recorded in Cv. Raja Surrender Singh of Nalagarh. 

 Flower shelf life in the field also showed differences in all cultivars. Flower shelf life 

depends on the senescence of the tissues as Farrante et al. (2010) revealed that flower shelf 

life (aesthetic value) is related to genes that control senescence process and as a result of 

senescence discoloration and death of tissues takes place leading to the abscission of petal. 

Further, flower senescence is due to accumulation of ethylene, Abscisic Acid (ABA) and 

Calcium (Farrante et al., 2010). According to Van Dorn (2002) roses are very sensitive to 
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ethylene and its sensitivity differs from specie to specie and with in cultivars.  Kondo et al. 

(2005) and Torre et al. (1999) claimed that flower color, size, flower shelf life and 

pigmentation are directly affected by soil pH and Calcium level. Other factors that affect 

flower shelf life are relative humidity (Plaut et al., 1979), light and temperature (Farrante, et 

al., 2010) as temperature affects the anthocyanin biosynthesis path ways (Dela et al., 2003; 

Plaut et al., 1979). In cut rose production, high relative humidity (>90%) stimulates bud 

break, while low RH (<60%) delays it. Raising the air humidity increased leaf size and shoot 

weight and length in one rose cultivar, but had a minor effect in another cultivar (Mortensen 

and Gislemd, 2000; Mortensen and Fjeld, 1998; Mortensen and Gislemd, 1999; Torre and 

Fjeld, 2001). Gonzalez (2009) further added that high temperature and low light conditions 

results in the anthocyanin breakdown and slow down the activity of genes that control 

enzyme regulation involved in biosynthesis. Manjula (2005) while studying the performance 

of hybrid roses found that flowers shelf life of Cv. First Red was 15.13 days from harvest 

stage to senescence.  Cultivars, GrandGala and Ravel statistically performed in almost 

similar behavior taking 15.06 and 14.46 respectively. Minimum number of days (10.46) for 

complete decline of flowers was recorded in Cv. Lambada.  

 Prickleness is another important parameter regarding the quality of roses. Data with 

respect to pricklness did not varied significantly as it depicted the in heritance of each 

cultivar as thornless seems to be controlled by single recessive gene (Debener, 1999) 

however the inheritance of thornless found in tetraploid cultivars seems to be complicated as 

Rajapakese et al. (2001) while working on tetraploid cultivars revealed that thornlessness 

may be controlled by multiple gene.  

 Fragrance is very important factor for garden roses. Amount of fragrance varied 

significantly in all cultivars as there are many different types of scent and complex scent 

producing pathways in roses (Guterman et al., 2002).   According to Verhoeven et al. (2003) 

fragrance is very important factor which is under the control of multitude pathways and 

environmental factors. Lammerts (1945b) suggested that this trait seems to be quantitative 

but according to the recent work of Cherri-Martin et al. (2007) it is clear there is also a major 

gene that is responsible for turning the pathway of scent production on and off. In addition, 

certain enzymes are responsible for the creation and regulation of various fragrance 

components (Vainstein et al., 2003). Leaf size whether measured as leaf width, leaf area, or 
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leaflet number was found to be quantitative in nature (Lammerts, 1945a; Zhang, 2003; 

Shupert et al., 2007). 

 High light intensity increases photosynthesis and directs partitioning of assimilates to 

young shoots (Mor and Halevy, 1984). Growth and flowering characteristics of 32 exotic 

rose cultivars were compared and observed that cv. Janina produced maximum yield (187.6 

flowers) and is best for garden purposes (Mulla et al., 1994). Shin et al. (2001) stated that 

Leaf area, stem length, chlorophyll contents and stem diameter generally increased with 

decreasing temperature, but the best quality stem was observed at 18°C. Further more extent 

and time of pruning also affect the overall performance of garden roses. Hassanein (2010) 

while conducting field trial to check the severity and time of pruning on Rosa suggested that 

the light pruning was the best type for increasing period, quantity and quality of flowers 

compared to other types. Beginning of autumn or three weeks later were the best pruning 

times allowing the highest flowering rate and quality compared to the other tested times 

5.2  Estimation of Pollen quantity, viability and germination in vitro, and 
crossing of selected parents and pollen donor parent’s fertility vigor 
evaluation in field. 

 
5.2.1 Pollen quantity, viability and germination in Vitro 

 In order to evaluate the vigor of pollen donor parents in this research program several 

studies were conducted including, evaluation of cultivars for growth parameters in field 

conditions, pollen studies in vitro, crossing of cultivars and seed germination. Previously 

these types of studies are made by (Visser et al., 1977; de Vries and Dubois 1987; Ogilvie et 

al., 1991; Crespel et al., 2006) on different groups of roses. Present research provide a data 

base of in vitro as well as field analysis of parents used as male, hence it proved to be a good 

tool to estimate the potential of pollen donor cultivars for breeding program. Pollen studies in 

vitro are an indirect measure of pollen vigor and fertility in the field. Pollen pollen viability 

and germination varied considerably in all cultivars as different rose species and cultivars 

have varying level of fertility (Zlesak, 2009). These variations of fertility in modern roses 

differ due to many factors including interspecific derivation, meiotic abnormalities and 

heterozygous polyploid parents hence processes favour the accumulation of deleterious 

recessive alleles in the progenies (Erlanson, 1931; Ogilvie et al., 1991). One of the examples 

of dependency of pollen fertility on ploidy level is cultivar “Iceberg” which showed 
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minimum fertility and produced no hips and seeds in all crosses because it is triploid. This 

correlate with studies conducted by Visser et al. (1977) on 142 rose species and 88 

interspecific hybrids that the mean percentage of normal pollen of di-, tri-, tetra-, penta- and 

hexaploids was 78, 10, 67, 14 and 42% respectively. Vasil’eva (2009) while studying the 

fertility and vitality of pollen observed that the pollen grains of Rosa canina, Rosa 

corymbifera, Rosa multiflora, Rosa acicularis, Rosa majalis, and Rosa rugosa performed wel 

and got stained with aceto carmine. Highest pollen tube length was calculated in Rosa rgusa 

followed by Rosa majalis (184.2µm at 220x magnification). Pollen germination %age was 

43.18 in Rosa majalis in minmum of 5.17 % in Rosa canina. It was previously reported that 

pollen viability of R. canina, R. dumalis, R. rubiginosa and R. villosa, all belonging to 

section Caninae, varies considerably among species and pollen viability was recorded 

between 23 and 45% (Werlemark 2000, Ueda and Akimoto 2001). 

 Further more Visser et al. (1977) observed that the environmental conditions during 

the formation of microgametes can alter the pollen viability potential of rose and, in general, 

less pollen viability was observed at higher temperatures. In the present studies the 

hybridization was performed in field condition where temperature in the months of June and 

July exceeded 45oC. Gudin (1992) and Gudin et al. (1991) also argued that physiological 

changes occurring in the plants with in the growing period also affect fertility of gametes. 

Observations made on varieties with the same chromosome numbers. e.g. the tetraploids to 

which the Hybrid Tea-roses belong, also showed distinct differences with respect to fertility . 

This is similar to the findings of by Calvino (1951) in which out of the 45 tetraploids species 

and 42 cultivars  have germination of 20 and 30% respectively had less than 25% normal 

pollen. 

 While having comparison of pollen germination on various sucrose conditions also 

revealed dependency of cultivars on optimum starch during pollen germination and pollen 

tube growth as Visser et al. (1977) revealed that hybrid tea rose pollens germinated well at 

15 % sucrose concentration. In the present all cultivars performed well at this level of 

sucrose. Fertility of the parent rose in terms of pollen germination %age also depends on the 

morphological characteristics of pollens as pollen diameter has shown significant correlation 

(r = 0.75) was observed in the studies made by Pipino et al. ( 2010). Number of anther per 

flower and pollen per anther and diameter of pollen is of great concern in getting maximum 
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successful crosses and it varies among species and cultivars.  According to Gunes et al. 

(2005) the number of anther per flower of rose species were between 81.4 (R. villosa) and 

148.1 (R. elliptica) and it correlates to the conversion of stamens and pistils into petals and 

petaloids (Morey, 1959). 

5.2.2 Germination of achenes (seeds)   

 Germination of rose achene is a bit challenging task due to presence of endogenous 

and exogenous dormancy (Baskin and Baskin, 1998; Hosafaci et al., 2005; Alp et al., 2008; 

Werlemark, 2009). Proper storage conditions and any treatment given to the achene to 

regulate the physiological and morphological conditions of seeds is important to consider. 

Storage life of rose seeds is very less as the viability of seed is affected by duration of storage 

and dry period (Crocker and Barton, 1931). After applying several amendments to the 

storage temperature and pericarp loosening, it was clear that, there is variable response of 

progenies to germination potential of seeds as the extent of dormancy and level of dormancy 

control differs among species, varieties, seed lots and even among hips with in a single bush 

(Meyer, 2008). In current study, germination appears to be prevented by inhibitors (Abcissic 

acid) in the seed coat as well as mechanical hindrance by the pericarp, where the 

improvement in germination percentage from 12.7% to 18.5% in achene seemed due to the 

activation of embryo by chilling temperature (4oC) (Hartmann and Kester 1975) after storing 

at room temperature and loosening of pericarp and testa by acid (30% H2SO4 for 10 minutes) 

treatment (Younis et al., 2007; Rober and Shardlow, 1979; Zlesak, 2005). Results related to 

effect of pericarp thickness on seed germination percentage also showed that there was 

positive correlation (r =0.247, P<.05) between these two variables. These results are similar 

to the findings of Vasil’eva (2009) who found that germination of genus Rosa can be 

enhanced by scarification and stratification to a better value as in case of Rosa cannina it was 

50%, because cracking the pericarp alone do not remove dormancy (Tincker and Wisely, 

1935). Moreover duration of scarification and stratification treatments also affects 

germination rates. 

There is another hypothesis that, seed set is the indication of successful fertilization 

but seeds may or may not reach to maturity and are alive (Bo et al., 1995), and embryo often 

deteriorates before the seeds have matured (Fagerlind, 1954), which may cause a loss in 

germination i.e., about 81.5-87.3% in current study. In that case achenes appear normal from 
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external morphology, but actually they are either empty or contain shriveled remains 

Erlanson (1931) and MacPhail, (2007), and ultimately fail to germinate or the seedlings 

might die soon after germination (Svejda, 1974). Some seedlings grow well but are unable to 

initiate flowers. Even if one of the F1 seedlings is able to set seeds, the seeds might not 

germinate or the second generation of seedlings might be sterile.  In the present study warm 

stratification followed by cool stratification and sulphuric acid was also provided to the seed 

and it showed significant results with respect to seeds which were not treated with warm 

period storage. It appears to confirm the hypothesis of Werlemark et al. (1995) and Zhou et 

al. (2009) who revealed that warm plus cold stratification alone appear to be an effective 

remedy to get rid of dormancy of rose achenes. Seedlings with the maximum total length, 

number of leaves and number of branches may be as a result of the early germination by the 

seedlings induced by the method of dormancy breakage. Oni (1991) while working on seed 

germination of Terminalia invorensi obsereved significant relationships between seed 

morphological characteristics and seedling vigour. These growth parameters are attributed in 

the promotion of rapid production of vigorous seedlings for nursery establishment or species 

for plantation establishment (Okunlola, 2011). Galston and Davies (1969), Van overbeck, 

(1966) stated that seed treatment improves the growth of seedling due to the interaction 

between promoters and inhibitors. ABA in the inhibitor interacts with GA3 which is 

increased after the inhibitor is removed, to increase growth (Lipe and Crane, 1960). Further 

the nutrients level in the growing medium may have also contributed to this increased growth 

(Angeline and Ouma, 2008). It is clear from the present experiment that rose seed 

germination is challenging one for rose breeders. It can be managed well by adopting several 

treatments targeted to break morphological and physiological dormancy.  By adopting the 

seed treatment to break dormancy we can rescue valuable germplasm achieved after many 

years struggle. So to get rid of seed dormancy warm stratification followed by cool 

temperature storage and Sulphuric acid treatment is proven good tool to get good seed 

germination. 

5.2.3 Hybridization and heterosis studies 

 Present experiment was design to use all the cultivars as both male and female but 

most of the crosses failed. The results clarified that % crossing success was very less in 

combinations. There are many factors which contributed in the failure of the cross 
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combinations. Most important is temperature for the development of seed and fruit 

development and relative humidity in the air as deVries and Dubois (1987) argued that 

optimum temperature for the maturation of hips was 18°C for the cross of Sonia X Hadley 

however 22°C was the best temperature for the number of seeds per flower but in the present 

study there were great variations in temperature. In the months of June and July temperature 

sometime raised above 45°C and at this temperature canes became bare and most of the hips 

fall down from the base of the pedicel due to the formation of abscission layer. This correlate 

with the findings of Visser et al. (1977) argued that the environment during gamete 

formation affects viability of pollens and as a result low viability of gametes was shown at 

higher temperatures. Further more physiological changes occurring during the growing 

season affect fertility (Gudin, 1992). Erlanson (1993) and Ogilivie et al. (1991) stated that 

fertility varies among rose cultivars so the low fertility and variations in hybrid rose cultivars 

may be due to many factors like incongruity due to interspecific derivation, abnormal meiotic 

division and the accumulation deleterious recessive alleles due to crossing of heterozygous 

polyploidy parents. It seems in the present case that the main cause of less hip set %age may 

be due to cross incompatibility as tetraploid hybrid cultivars are self fertilized (Morey, 1959; 

Rajapakse et al., 2001; Zlesak, 1998).  In the present study crossing success 22.5% which 

seems to be reasonable as Gudin (2000) suggested that crossing among hybrid rose varieties 

may result in hip set as low as 25% and 18% seed germination. In the present study 

maximum 18.83% germination was performed by the seeds which is in accordance with 

Gudin (2000) who got 18% seed germination while germinating the seeds of modern cut 

roses. One of the possible causes of low seed germination was explained by Fagerlind (1954) 

who argued that seed production may be a sign of fertilization but it may not be sure that all 

seeds have developed in to maturity and are viable as embryos often degenerate before the 

seed mature. Fluctuations in temperature and light can affect he extent of germination as 

Gudin et al. (1990) and Werlemark et al. (1995) argued that increase in temperature and light 

during germination result in reasonable increment in germination as compared to low 

temperature and light. Other possible causes of low seed germination are high concentrations 

of Abscissic acid in the pericarp and testa (Bo et al., 1995), physiological hindrances in 

embryo (Densmore and Zasada., 1977) and inhibitors in pericarp and testa (Zhou et al., 

2009).  Other argument by Bell (1988) reflects that there is less opportunity for the successful 
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natural hybridization among Rosa X hybrida cultivars. Moreover, Rout et al. (1999) 

explained that most of the varieties of Rosa X hybrida are triploid or tetraploid so crossing 

among them may not generate viable seeds. The same phenomenon was observed in the 

triploid Cultivar “Iceberg” which showed viable pollen (57%)  but germination in vitro and 

crossing success in the field was  negligible (near to zero)  hence it produce none of the cross 

successful. Number of seeds per hip also varied for all the successful crosses as it depends on 

the number of viable pollen used in crossing. Variations in seeds/hip may be due to the 

fertilization of only few ovules leaving most of the ovules unfertilized as DeVries and 

Dubois (1983) suggested that repeated pollination at various internal may increase a seed set 

%age up to two-fold. Other possible causes of low number of seed per hip may be meiotic 

abnormalities (Ogilvie et al., 1991) failure of the pollen tube growth and cross 

incompatibility as most of the hybrid roses are self pollinated (Bell, 1988). But in the present 

study most of the cross failed and abortion of hips took place in the month of June as the 

temperature increased above 32 oC. These variations of fertility in modern roses differ due to 

many factors including interspecific derivation, meiotic abnormalities and heterozygous 

polyploid parents hence processes favour the accumulation of deleterious recessive alleles in 

the progenies (Erlanson, 1931; Ogilvie et al., 1991). On the other hand it argued that modern 

roses show imcompatibilty with other cultivars due to inbreeding. The tendency of 

inbreeding in modern cultivars is because of the breeders in the past have used very less 

number of fertile cultivars that produce above average offspring (deVries and Dubois, 1996). 

Inbred can lead to inbreeding depression as the frequency of homozygous gametes increases 

for deleterious or lethal recessive alleles (Ogilivie et al., 1991)  

After transplanting the seedlings in the pots the progenies took only 2 months for 

juvenility period as deVries (1976) argued that for the hybrid tea rose progenies the period of 

juvenility is four to five weeks and is a quantitative trait. After that progenies were 

transplanted in the fields, pruned to height of their parents for further comparison of 

morphological and yield traits. Comparison and analysis of progenies and parents for vigor 

related traits showed great variations with respect to mean values of quantitative traits and 

morphological attributes and % heterosis. Most of the F1 progenies showed increment in 

vigor for traits for some other traits they remain unproductive. Causes of the variations in 

Morphological and quantitative traits F1 progenies were explained by De Vries and Dubois 
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(1980) and de Vries et al. (1980) who argued that gene action of the pigment genes is 

additive They concluded that breeders should consider color as the interaction between 

pigments and breed for desired colors accordingly as Forkmann (1993) argued that this trait  

is in accordance to the fact that differences in the anthocyanin content of flowers can be 

caused by single genetic factors. Color expression of flowers and fruits is due to flavonoids 

and anthocyanins and is affected by metal ions, co-pigments, and vacuole pH (Forkman, 

1991; Schiber et al, 2005). Rosati et al. (2003) stated that there are many other un-

understandable factors that also are involved in flower coloration. Further more color 

visuality is directly related to genetic makeup, environmental conditions and agronomical 

practices (Gudin, 2000; Frrante et al., 2010).  

 Similarly Prickleness is controlled by recessive allele present at one loci and presence 

of prickles due to dominant allele (Debener, 1999; Debener, 2003; Rajapakse et al., 2001). 

Further more, environmental factors also affect number and size of flower if the temperature 

exceed beyond 21oC flowers stem may become weak and shortened. Small sizes flowers are 

produced with fainted and pale yellow coloration (Moe and Kristofferson, 1969; Moe, 1988). 

In addition, physiological changes prevailing during the growing season also affect fertility 

of gametes (Gudin, 1992; Gudin et al., 1991) as seed setting in rose hybrids is generally poor 

and there is wide variation in the hip setting among different cultivars (Swarup et al., 1973). 

According to Manjula (2005) performance of any cultivar depends upon its genetical make 

up. Differences in plant vigour among the cultivars are due to the variation in their genetic 

make up. Hence morphological traits are controlled by genes and these characters vary 

among the cultivars. Visser et al. (1977) observed that the environment during the formation 

of microgametes can alter the pollen viability potential of rose and, in general, less pollen 

viability was observed at higher temperatures. Farrante et al. (2010) argued that time and 

height of pruning considerably affects the size of flower by altering the vegetative growth 

equilibrium. There is no documented literature about inheritance of flower size in roses but 

the flower size in blueberries has an additive gene action. The F1 hybrids have flower size 

intermediate to the two parents (Ritzinger and Lyrene, 1999). The work of Debener (2003) 

provides evidence that double flowers, pink flower colour and prickles are inherited as single 

dominant genes or as complementary genes in crosses between diploid R. multiflora hybrids. 
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Another hypothesis is that more number of whorls in double flowered cultivars is due to 

conversion of stamens or pistils into petals or petaloid (Morey, 1959) 

5.3    Hybrid Identification and genetic diversity analysis among parent and hybrid 
progenies 

 
 SSR loci proved very effective to amplify across parent cultivars, hybrids and to 

assess their polymorphic contents. It is unclear that few samples on locus H22, H23 and 

RMS indicated real null allele or failure of PCR. However, their average effects were not 

enough to reduce the resolving power of data so that the overall genetic comparison of 

samples was effective. Ten of the SSR primers exhibited similar sequence with known gene. 

The existence of polymorphism showed by the selected primers can be attributed to 

recombination, mutations or random segregation of heterozygous chromosomes in the 

process of meiosis (Smith et al., 1996). Most of them are genes coding for specific plant 

function which is expected since these loci amplify in 22 population groups (Rossetto, 2001). 

Most of the cultivars used were tetraploid having same chromosome number hence allelic 

richness per locus showed little variation. The difference in allele richness can only partly be 

explained by the difference in ploidy level as R. canina is pentaploid and Hybrid Teas are 

tetraploid (Esselink, 2003). The high level of variation detected with the locus H10, CL9 and 

RW54 may be related to both outcrossing and the polyploidy nature of the parent rose 

varieties, which are proved by the high heterozygoty values evaluated by the majority of the 

selected markers. Most of the population groups showed similar genetic diversity as they 

share common ancestor in the origin. For example, population group 1, 2 and 4 have cultivar 

“Autumn Sunset” (V1) in their crossing. Similarly, population groups 13 and 18 have 

similarity in geneteic diversity but it does not agree with population group 15 where it has 

same genetic diversity value as group 13. One of the hypothesis supporting this variation is 

that common parents may have contributed in the genome of the cultivars used as male and 

female parent in this study (DeVries and Dubois, 1996), hence it is proved that they share 

common alleles with narrow genetic background as compared to species roses and rootstock 

cultivars (Leemans and Van der Laar, 1977). According to DeVries and Dubois (1996), 

Hybrid Tea varieties are the result of crosses within a limited gene pool and therefore a low 

degree of genetic variation may be expected. Keeping in view the performance in genetic 

variation it is clear that variation in their morphological and yield traits are associated with 
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diverse genetic makeup. Low values of Gst (0.098) and Dst (0.084) against all loci revealed 

that all population groups showed low genetic differences from each other as the same 

parents contributed for crossing for most of the hybrids. Hybrids were identified by shared 

allele against all primers. Based on the complementary banding patterns between the hybrid 

and their parents, the contribution of each male and female parent was confirmed. All the 

hybrid progeny showed sharing of common bands with their parents with few exceptions. 

However there were few hybrids having no sharing bands. This might be explained by the 

possible recombination and mutation in meiosis processing during hybridization (Huchett 

and Botha, 1995). While taking into account the relationship among parent cultivars or parent 

cultivars and hybrid by cluster analysis, based on Jaccard’s similarity coefficient using 

UPGMA showed that parent cultivars also tried to pool up into groups. This grouping and 

similarities are due to continuous inbreeding in the development of modern cultivars. 

Although there are more than 200 rose species, only about seven to ten rose species are found 

in the background of most modern rose cultivars (Zlesak, 2006) so that they have narrow 

genetic background (DeVries and Dubois 1996). UPGMA clustering of Jaccard similarities 

distinctly described genetic distances with in the groups, parent varieties and hybrids, and 

proved to be a powerful tool for identification of hybrids. Comparison of hybrids with their 

parents also contributed in the confirmation of parents of all hybrid progeny. It is concluded 

that SSR markers showed discriminative power to study variations among cultivars and their 

hybrids. All the parents’ cultivars showed little differences in their genetic makeup which is 

evidence of their narrow inheritance. Hybrids having one of the common parents also showed 

similarities with each other. Shared alleles with in parents and hybrid confirmed the 

heterozygosity of hybrids for both male and female parents. 
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Chapter 6 

SUMMARY 

 Roses are important part of our society as they contribute a lot in the service of 

humanity. They display a diversity of color, form and shape having a message to convey. 

Due to diversity of colors and adaptability to different regions roses affects our lives. Rose 

flower has different colors and each color has a frequency in our mind i.e. White color is the 

symbol of purity, peace, stability, connecting and listening to our innerself, institution and 

self respect; Blue color boosts up our positive thinking, integrity, honesty, loyalty and 

spiritual growth.; Red symbolizes our emotions, prosperity, stimulate our passions, intensify 

love and charisma; Green color produces calm effect on our eyes, relation, fertility growth, 

progress and renewal; Yellow color symbolizes, cheerfulness and optimism and enhances 

concentration; Purple color is for spiritual intelligence, dreams, the ability to accept 

guidance, represents loyalty, luxury and faithfulness. 

 There are more than 120 species of wild roses occurred in different geographical 

regions of the world but out of these only ten species contributed in the development of the 

modern roses. Present day, cultivated roses are the result of continues inbreeding to achieve 

the desire traits. Rosa hybrida is the term representative of hybrid tea, floribunda and 

grandiflora roses. There are more than 5000 cultivars of hybrid tea roses developed by 

immature, professional organizations and the researchers. Modern roses are recurrent 

bloomer, glossy nature of foliage, cluster or solitary flowering habit and compact bush shape 

having fragrant and double blooms. They produce excellent flowers which make them a 

favorable bushes used in the landscape premises, in the green houses for the cut flowers and 

in the pots as well.  Due to change in trends in the market and consumer preferences, existing 

rose’s cultivars always need improvement in order to achieve new contrasting characters.  In 

Pakistan all the cultivars are introduced from other countries hence most of the cultivars 

don’t survive well due to high temperature and less relative humidity in the environment. 

Most of the cultivars fail to produce excellent bloom in the gardens, green houses and yards 

even some of them die because they are “exotic”.  

 Present study was aimed to introduce with the breeding procedure, complexities and 

tactics leading to achieve hybrid progenies and to study hybrid vigor inherited in the next 

generation of parent roses. For this purpose, comparatively well acclimatized and hip 
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producing cultivars including “Autumn Sunset”, “Iceberg”, “Paradise”, “Angel Face”, 

“Casino”, “Louise Odier”, “Grand Margina”, “Handel” and “Gruss an Teplitz” were selected 

for crossing. They were panted in the Rose field of Institute of Horticultural Sciences, 

university of Agriculture, Faisalabad, Pakistan. Results indicated that there was decreasing 

trend in the growth and flowering of the bushes as the temperature increased above 32 oC and 

humidity decreased to 29 %. Number of flowers per bush and diameter of flower decreased 

as the temperature increased and humidity decreased in contrast to increment in height of the 

plant and number of primary branches per plant in succeeding months. Interaction between 

yield traits and months was also significant. Overall, significant variations were observed in 

each cultivar for length and number of petals per flower, number of prickles, fragrance, 

flower persistence life and color, bush shape and overall performance with respect to climatic 

conditions of Faisalabad. Phenotypic and genotypic coefficients of variation for number of 

petal per flowers (40.00%, 39.90%) bush shape (22.21%, 21.92%), and fragrance (19.92%, 

19.41%) were found to be high. The lowest values of phenotypic and genotypic coefficients 

of variation belonged flower diameter and flower presistance life. In general, phenotypic 

coefficients of variation were higher than the corresponding genotypic coefficients of 

variation. Heritability for number of petals per flower, bush shape, prickles, oveall 

performance and fragrance were higher as compared with other characters. Strong positive 

correlation was exhibited between number of flowers per plant and overall performance of 

bushes, flower diameter and petal length, bush shape and height of the plant however 

frangrance was negatively correlated to flower presistance life. Cluster analysis of the parent 

on the basis of quantitative traits revaled four major clusters which predicted the different 

performance for some traits but same for other.  With in the individual cluster all the 

cultivars almost begaved similar.   

 The cultivars were also evaluated for pollen vigor in the invitro conditions in the form 

of pollen quality, quantity, viability and germination using different concentrations of 

sucrose. Results indicated that great variations were observed in pollen quality, quantity, and 

viability and germination % tages. Maximum number of pollens per anther were exhibited by 

the cultivar Handel (1612.3) followed by cultivar Angel face (1588.7). Minimum numbers of 

pollens per anther were counted in the cultivar Iceberg. On average basis the performance of 

cv. Angel face and cv.Handel was better with respect to both number of anther per flower 
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and number of pollens per anther. Pollen size (L: D) was almost same in all cultivars hence 

no significant differences were observed. Comparison of means of viability %age revealed 

that maximum number of viable pollens in term of viability %age were possessed by cultivar 

Handel (70%) followed by ‘Gruss an Teplitz’ (64%). The minimum viability of pollens was 

exhibited by the Cultivar ‘Autumn Sunset’ having pollen viability of 35%.   

 Germination medium having 15% sucrose proved very effective for optimum 

germination results as compared to 10% and 20% sucrose. Cultivar ‘Gruss an Teplitz’ 

performed well with pollen germination of 46.56% followed by ‘Autumn Sunset’ having 

pollen germination of 38.9%. The minimum pollen germination was performed by the 

cultivar ‘Iceberg” that is triploid with respect to its ploidy level. On average basis the cultivar 

‘Grand Margina’ yielded maximum pollen tube length of 46.556 µm followed by ‘Gruss an 

Teplitz’ having pollen germination of 40.333 µm. The minimum pollen tube length of 9.222 

µm was observed in cultivar ‘Iceberg’. Cluster analysis of cultivars on the basis of pollen 

quality and vigor parameters revealed three main groups. It was depicted from the analysis 

that cultivars Autumn Sunset and Gruss an Teplitz have almost same pollen quality and vigor 

for germination. Cultivars Paradise, Anagel Face, Louise Odier, Handel and Grand Magina 

behaved in a similar way for pollen parameters. In contrast cvs Iceberg and Casino behaved 

similar in cluster three. They also have low pollen viability and germination %ages. Principal 

Componenet analysis of the traits was developed to check their grouping. Pollen diameter 

and length of pollens were polled up in group one which contains 37% of the original 

information, Moreover size of the pollen, pollen tube length and pollen germination pooled 

up in group two which contain 25.54% original information. Similar variations were also 

depicted in cluster three and four. Pollen tube length correlated significantly with pollen size 

and pollen germination %age. A strong correlation among pollen germination %age and 

pollen tube length (r = 0.77) and pollen germination %age and pollen viability %age (r = 

0.731) was exhibited. Pollen germination is also strongly correlated with pollen size (r 

=0.738). Moreover, regression analysis between pollen germination %age and pollen tube 

length (µm) also showed significant results (R2 =8.77) and regression between pollen tube 

length and pollen size was not significant (R2 = 0.038). Variations for pollen fertility in vitro 

and in the field were also exhibited by each cultivas when they served as male parent. 
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The comparison of various fertility parameters in vitro and in vivo revealed that cultivar 

“Handel” showing its maximum pollen viability in vitro performed well with respect to 

giving more crossing success in field as compared to its average pollen germination %age 

invitro conditions followed by the cultivar Autumn Sunset. Cultivar Iceberg did not yielded 

any successful cross. Maximum hip setting %age (83) was observed in for the cross 

combinations V1X V9 and V1 X V5 an minimum (30%) in V6XV3. Number of seed per hip 

also varied from 33 to 15 in all cross combinations. Response of seeds with respect to 

germination also varied significantly after treating the seed with various storage temperatures 

and acid treatments. Results indicated that germination period (F= 89.95, F<0.05), 

germination %age (F=67.16, P<0.05), imbibition period (F=26.13, P<0.05) and seed vigour 

index (F= 112.2, P<0.05) was affected significantly by all treatments accordingly. All the 

treatments also affected morphological traits of seedlings as well. Evaluation of hybrida in 

the field revealed that all the F1 hybrids produced showed significant variations in qualitative 

and quantitative traits over their parents. Data regarding heterosis and heterobeltiosis %ages 

showed also negative and positive results for various traits over their parents. Variations were 

observed for flower color and diameter, prickles, bush shape and over all performance of all 

F1 hybrid progenies. Performance of F1 progenies was evaluated in the field conditions 

while having comparison with their respective parents and data was analyzed by ANOVA to 

check the significance of variations in the parents and progenies and comparison of means. 

Cluster analysis of the parent cultivars and progenies was useful to develop realtion on the 

basis of similarity index. Further, more hybrid vigor estimation (Heterosis and 

Heterobeltiosis) proved a useful tool to check the superiority and inferiority of progenies 

over their parents.  

 Hybrid identification and genetic diversity studies among parents and progenies 

evaluated by SSR markers also confirmed the contribution of both parents for the 

development of F1 hybrids. Moreover analysis for genetic studies with in parent and hybrids 

and parent also exhibited variations at genomic level confirming the heterozygosity of both 

parents and hybrids. SSR loci proved very effective to amplify across parent cultivars, 

hybrids and to assess their polymorphic contents. Ten of the SSR primers exhibited similar 

sequence with known gene. Estimates of genetic diversity varied remarkably among loci. 

Observed heterozygosity (Ho) based on Nei’s estimation revealed that the locus H10, CL9 
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and RW54 contributed equally for generating more variation and scored maximum number 

of alleles for respective locus. Allele fixation trends were also observed for different loci and 

individual groups. Total gene diversity (Ht) was calculated and mean for all loci was 0.852 

while the average gene diversity (Hs) for all loci was calculated as 0.768. It was clear from 

the dendrogram that parent cultivars compiled them selves into four main groups. Little 

differences were observed with in the groups of parent cultivars. Confirmation of hybrids 

was done by comparing the common alleles between parent and hybrid against all primers. 

More over phenatic relationship was developed among hybrid progenies and parents to 

confirm the extent of contribution of each parent for genetic makeup of hybrid. All other 

hybrids were identified in the same method. 

 It is concluded from the present study that hybrid cultivars have varying level of 

fertility and it is necessary to evaluated them in search of vigorous pollen donor parent. 

Success of the crosses is affected by various fertility barriers and environmental conditions 

hence diallel could not be successful. Hybrid progenies exhibited vigor for some traits but for 

other traits they remained un effective. SSR markers proved helpful tool for confirmation of 

hybrids and discriminating the parent cultivars and progenies. Further, it is need of the time 

to introduce genes from heat tolerant species and cultivars in the modern roses for the hot 

climate of Pakistan. 
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Appendix 

 

 

Table 1: Genetic diversity with in population (Number of allele sampled for each locus per 

population) 

 Pop. 01 Pop. 02 Pop. 03 Pop. 04 Pop. 05 Pop. 06 Pop. 07 Pop. 08 Pop. 09 Pop. 10 Pop. 11 

Locus V1V3H1 V1V4H2 V1V7H3 V1V5H4 V1V6H5 V3V1H6 V8V1H7 V6V1H8 V7V1H9 V9V1H10 V3V4H11 

H10 1.000 (4) 1.000 (4) 0.750 (3) 0.833 (4) 0.833 (4) 0.833 (4) 0.917 (5) 0.833 (4) 0.667 (3) 0.833 (4) 0.833 (4) 

RW55 0.833 (3) 1.000  (3) 0.833 (3) 0.917  (5) 0.833 (4) 0.917  (4) 0.833 (3) 0.833 (3) 0.917 (4) 0.917 (4) 0.667 (3) 

CL9 0.833 (4)   0.833 (4) 0.667 (3) 0.833 (4) 0.833 (4) 0.917  (5) 0.750 (3) 0.833 (4) 0.667 (3) 0.750 (3) 0.833 (4) 

C172 1.00   (4) 0.833 (3)  1.000  (4) 0.917  (5) 0.833 (4) 0.833 (4) 1.000 (4) 0.833 (4) 1.000 (4) 1.000 (4) 0.667 (3) 

RW54 0.75   (3) 1.000 (4) 0.833 (4) 0.917  (5) 0.833 (4)  0.667 (3) 0.917 (5) 0.833 (4) 0.833 (4) 0.667 (3) 0.833 (3) 

RHB 0.833 (4) 0.833 (4)  0.750 (3) 0.833  (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 1.000 (3) 0.833 (4) 0.917 (5) 

RMS 0.500 (2)  NA  (2) 0.500 (2) 0.833 (2) 0.833 (2) 0.500 (2) 0.500 (2) 0.500 (2) 0.500 (2) 0.000 (1) 0.583 (3) 

H23   NA  (2)  NA  (2)     NA(1) 0.833 (4) 0.833 (2)  0.500 (2) 0.500 (2)    NA (2) 0.000 (1) 0.500 (2) 0.667 (3) 

H22 0.833 (4) 0.75  (2) 0.833 (4) 0.833 (4) 0.833 (2) 0.833 (4) 0.833 (4) 0.500 (2) 0.833 (4) 0.500 (2) 0.333 (2) 

RW12 0.833 (4) 0.833 (3) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 

Mean 0.824 0.885 0.778 0.825 0.742 0.767 0.792 0.759 0.725 0.683 0.717 

NA indicates “No data scored” 

 

 

 

Table 1 Continued 

 

NA indicates “No data scored” 

 

 

 Pop. 12 Pop. 13 Pop. 14 Pop. 15 Pop. 16 Pop. 17 Pop. 18 Pop. 19 Pop. 20 Pop. 21 Pop. 22 

Locus V3V7H12 V3V8H13 V4V8H14 V4V5H15 V6V8H16 V6V7H17 V7V8H18 V7V9H19 V8V6H20 V8V9H21 V9V7H22 

H10 0.833 (4) 0.833 (4) 1.000 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 

RW55 0.833 (4) 0.833 (4) 1.000 (4) 0.833 (4) 1.000 (4) 0.833 (4) 1.000 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 

CL9 0.833 (4) 0.833 (4) 0.833 (4) 0.833 (4) 0.750 (3) 0.833 (4) 0.667 (3) 0.750 (3) 0.833 (4) 0.750 (3) 0.750 (3) 

C172 0.833 (4) 0.833 (4) 0.500 (2) 0.333 (2) 0.500 (2) 0.750 (3) 0.750 (3) 0.750 (3) 0.750 (3) 0.500 (2) 0.500 (2) 

RW54 0.833 (4) 0.833 (4) 0.667 (3) 0.833 (4) 0.833 (4) 0.917 (5) 0.917 (5) 0.833 (4) 0.833 (4) 0.500 (2) 0.833 (4) 

RHB 0.750 (3) 0.833 (4) 0.833 (4) 1.000 (4) 0.833 (4) 0.500 (2) 1.000 (3) 0.500 (2) 1.000 (3) 0.833 (4) 0.750 (3) 

RMS 0.833 (4) 1.000 (3) 0.833 (4) 0.833 (4) 0.750 (3) 0.833 (4) 1.000 (4) 0.500 (2) 0.667 (3) 0.750 (3) 0.750 (3) 

H23 0.750 (3) 0.750 (3) 0.833 (3) 0.833 (4) 0.000 (1) 0.750 (3) 0.667 (2) 0.833 (3) 0.333 (2) 0.667 (2) 0.833 (3) 

H22 0.583 (3) 0.583 (3) 0.500 (2) 1.000 (3) 0.500 (2) 1.000 (3) 0.583 (3) 0.500 (2)    NA (2) 0.500 (2) 0.500 (2) 

RW12 0.833 (4) 0.833 (4) 0.500 (2) 0.833 (4) 0.750 (3) 0.667 (3) 0.583 (3) 0.833 (4) 0.750 (3) 1.000 (4) 0.833 (4) 

Mean 0.791 0.816 0.750 0.816 0.675 0.792 0.800 0.717 0.759 0.717 0.742 
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Fig 1: (A) Cv. Autumn Sunset (B) Cross and Hip set (C) Branches, Pinnate and Flower 

characters of parent cultivars 

 

Fig. 2: (A) Cv. Iceberg (B) Hip setting (C) Branches, pinnate and flower characters 

 

Fig: 3 (A) Cv. Paradise (B) Crossing and hip setting (C) Branch and pinnate and flower 

characters 

 



 202

 

Fig. 4 (A) Cv. Louise Odier (B) Crossing and hip setting (C) twigs, pinnate flower characters 

 
Fig. 5: (A) Cv. Angel Face (B) Crossing and hip setting (C) Twigs, pinnate and flower 

characters 

 
Fig. 6: (A) Cv. Casino (B) Crossing and hip setting (C) Twigs, pinnate and flower characters 
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Fig. 7: (A) Cv. Grand Margina (B) Crossing and hip setting (C) Twigs, Pinnate and flower 

characters 

 

Fig. 8: (A) Cv. Handel (B) Crossing and hip setting (C) Twigs, pinnate and flowers characters 

 

Fig. 9: (A) CV. Gruss-En-Tepletz (B) Crossing and hip setting (C) Twigs, pinnate and 

flower characters 
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            Fig. 10: Seeds and progenies of parent cultivars after self pollination 

 

                    

                                     Figure 11: Stained and unstained pollen of Cv. “Handel” 
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                                      Figure 12: Cultivar Paradise stained and unstained pollens 

 

                            

                                                   

                                           Figure 13:Cultivar Gruss an Teplitz pollen staining 
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                             Figure 14: Cv. Louise Odier pollen staining 

 

                                     

                                                        

                                    Figure 15: Pollen germination of Cv. Gruss- an- Teplitz 
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                          Figur 16: Pollen germination of Cultivar Autumn Sunset 

                                  

                 

                               Figure 17: Cv. Grand Margina pollen germination 
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                               Figure 18: Cv Iceberg showing no germination 
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                          Figure 19: F1 Progeny of Cv. Handel and Grand Margina 

            

                       Figure 20: F1 Progeny of Cv. Paradise and Autumn Sunset 
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                          Figure 21: F1 Progeny of Cv. Handel and Autumn Sunset 

              

                         Figure 23: F1 Progeny of Cv. Autumn Sunset and Paradise  
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                                   Figure 24: F1 progeny of Cv. Paradise and Handel 
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                                Figure 35: Field performance of V9X V8 progeny 

                          

                   Figure 26: Performance of V3X V4 progeny in the field 
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                       Figure 27: Field performance of V1X V6 progeny 
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Figure 29: Field performance of the F1 progeny of Gruss an Teplitz and Handel 
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Preparation of CTAB solution 

 

2X CTAB                                 Volume made= 500 ml 

 

1. CTAB                                             10g 

2. PVP                                                 5g 

3. Nacl (1.4M)                                                            40.95 g 

4. Trisbase (100mM) (pH=8)                                  50ml from 1M stock solution 

5. EDTA (20mM)     (pH =8)                                    20ml taken from 0.5 M stock solution 

6. Distilled water 

 

Procedure: 

 Take 400ml of double distilled water and add ingredients from serial No 1-3 in a 

sequence.  

 Dissolve these three ingredients with magnetic stirrer 

 

 Add remaining 4th and 5th chemicals in the above solution.  

 

 Make final volume up to 500ml by adding double distilled water. 

 

 Autoclave the Solution at 121 oC at 15 Psi Pressure for one hour to transparent 

appearance. 

 

 

 

 

 

 

 

 

 


	1
	2
	Thesis Nadeem

