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ABSTRACT 

Among the highly fragrant rose species, R. centifolia, R. gruss an teplitz and R. 

borboniana  have high commercial importance and value added potential. However, 

their large plant size, small flower size and lack of diversification in color detracts 

these species from recent trends of floriculture market. Therefore, this study aimed to 

produce reduced-stature plants and to improve flower color and size through in vitro 

mutagenesis using gamma irradiation, colchicine and somaclonal variation techniques. 

For this purpose cultures of R. gruss an teplitz, R. centifolia and R. borboniana were 

established by disinfestation of shoot tips with 0.1% HgCl2. It gave maximum survival 

percentage with limited occurrence of bacterial and fungal contamination. BAP @ 1.0 

mgl-1 and IBA @ 0.50 mgl-1 found to be the optimum concentrations for shoot 

proliferation and in vitro rooting respectively. Micropropagated shoot tips of R. gruss 

an teplitz, R. centifolia and R. borboniana were irradiated with gamma rays upto 120 

Gy. Minimum survival percentage was recorded at 60, 30 and 50 Gy respectively. 

Above these doses of gamma rays there was a complete mortality. Moreover, plant 

height was decreased with reduction in color and size of flowers. During selection 

variegated, pink color and abnormal shape flowers were also found in R. gruss an 

teplitz. Influence of colchicine was found to be species specific and its response 

showed significant results. Shoot tips treated with colchicine solutions for three hours 

resulted in minimum survival percentage at the maximum level of colchicine (1100 

mgl-1). However, plant height was maximum in the plants of R. gruss an teplitz, 

R.centifolia and R. borboniana  treated with colchicine solution at 900 and 1100 mgl-1. 

Moreover, treated R. gruss an teplitz and R. centifolia produced large size flowers with 
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more intensification of color. This technique resulted in generation of variegated, 

serated petals and abnormal shape flowers in R. gruss an teplitz. In another set of trial 

micropropagated shoot tip explants were incubated for 5, 7 and 11 days in MS media 

fortified with different concentrations of colchicine. It resulted minimum survival 

percentage with the increase in the colchicine concentration and incubation period. 

However, plant height, flower size and intensification of flower color were increased 

with increase in the concentration of colchicine upto 450 mgl-1  with incubation period 

of 11 days. Use of colchicine in medium also yielded variegated flowers in R. gruss an 

teplitz species. Plants of R. gruss an teplitz obtained through regeneration via callus 

exhibited significant somaclonal variation than other regeneration methods. Genetic 

variation found in rose species was confirmed through RAPD analysis. Now these 

mutants need to be screened over the next few years for floral and vegetative 

characteristics. This study adds to the ongoing efforts to increase diversification in 

plant height, flower color and size of rose flowers. The outcome of the study will be 

helpful for future studies regarding induction of mutations in rose species. 
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STUDIES ON IN VITRO INDUCTION OF MUTATIONS 

IN ROSA SPECIES THROUGH DIFFERENT 

TECHNIQUES 

ABSTRACT 

Among the highly fragrant rose species, R. centifolia, R. gruss an teplitz 

and R. borboniana  have high commercial importance and value added potential. 

However, their large plant size, small flower size and lack of diversification in 

color detracts these species from recent trends of floriculture market. Therefore, 

this study aimed to produce reduced-stature plants and to improve flower color and 

size through in vitro mutagenesis using gamma irradiation, colchicine and 

somaclonal variation techniques. For this purpose cultures of R. gruss an teplitz, R. 

centifolia and R. borboniana were established by disinfestation of shoot tips with 

0.1% HgCl2. It gave maximum survival percentage with limited occurrence of 

bacterial and fungal contamination. BAP @ 1.0 mgl-1 and IBA @ 0.50 mgl-1 found 

to be the optimum concentrations for shoot proliferation and in vitro rooting 

respectively. Micropropagated shoot tips of R. gruss an teplitz, R. centifolia and R. 

borboniana were irradiated with gamma rays upto 120 Gy. Minimum survival 

percentage was recorded at 60, 30 and 50 Gy respectively. Above these doses of 

gamma rays there was a complete mortality. Moreover, plant height was decreased 

with reduction in color and size of flowers. During selection variegated, pink color 

and abnormal shape flowers were also found in R. gruss an teplitz. Influence of 

colchicine was found to be species specific and its response showed significant 

results. Shoot tips treated with colchicine solutions for three hours resulted in 

minimum survival percentage at the maximum level of colchicine (1100 mgl-1). 
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However, plant height was maximum in the plants of R. gruss an teplitz, 

R.centifolia and R. borboniana  treated with colchicine solution at 900 and 1100 

mgl-1. Moreover, treated R. gruss an teplitz and R. centifolia produced large size 

flowers with more intensification of color. This technique resulted in generation of 

variegated, serated petals and abnormal shape flowers in R. gruss an teplitz. In 

another set of trial micropropagated shoot tip explants were incubated for 5, 7 and 

11 days in MS media fortified with different concentrations of colchicine. It 

resulted minimum survival percentage with the increase in the colchicine 

concentration and incubation period. However, plant height, flower size and 

intensification of flower color were increased with increase in the concentration of 

colchicine upto 450 mgl-1  with incubation period of 11 days. Use of colchicine in 

medium also yielded variegated flowers in R. gruss an teplitz species. Plants of R. 

gruss an teplitz obtained through regeneration via callus exhibited significant 

somaclonal variation than other regeneration methods. Genetic variation found in 

rose species was confirmed through RAPD analysis. Now these mutants need to be 

screened over the next few years for floral and vegetative characteristics. This 

study adds to the ongoing efforts to increase diversification in plant height, flower 

color and size of rose flowers. The outcome of the study will be helpful for future 

studies regarding induction of mutations in rose species. 



1 

Chapter 1 

GENERAL INTRODUCTION 

Rose "Queen of Flowers" is a beautiful ornamental plant of immense 

horticultural importance due to its commercial value (Hameed et al., 2006). It 

belongs to family Rosaceae and genus Rosa (Khosraviet al., 2007), containing 130 

recognized species (Cairns, 2000). Food products and cut flowers are the two main 

prospects of rose production. The most important products are rose oil, rose water, 

and rose conserve having very high economic value in international market 

(Hussain and Khan, 2004). Rose products are very commonly used in cosmetics, 

perfume and pharmaceutical industry (Hussain and Khan, 2004). There are many 

rose species but only a few of them are being used for oil extraction around the 

world (Antonelli et al., 1997). Some rose species like Rosa centifolia have high 

commercial value among the scented roses and yield fragrant essential oil 

(Kornova and Michailova, 1994). More than 400 volatile compounds have been 

found in the scent of rose cultivars (Lavid et al., 2002).  

Some important rose species i.e. Rosa borboniana, Rosa gruss-an-teplitz  

and  Rosa centifolia are cultivated in  Pakistan but  main areas of rose cultivation in 

province Punjab are Pattoki, Kallar Kahar, Choha Syedan Shah, Chakwal, Sahiwal 

(Sargodha), Faisalabad and Islamabad. Some Rosa species having essential oil are 

also being grown in Sindh Province (Farooq et al., 2011). Among these species 

Rosa borboniana has flowers of light pink color, good fragrance and blooms 

profusely in spring season. In Pakistan it is also used as a rootstock due to good soil 

born disease resistance (Saeed, 2005). Another important rose species, Rosa gruss-

an-teplitz has double flowers of red color and blooms in clusters having a strong 



2 
 

fragrance (Beales et al., 1998). Predominantly, it is used for fresh and dried petals, 

making bouquets and wreaths (Saeed, 2005). One more important scented rose 

species i.e. Rosa centifolia has double flowers with pink color and attains a height 

of 1.8 meter with numerous thorns and prickles (Beales et al., 1998). 

Commercially, it is used for the production of essential rose oil (Farricielli, 2008). 

Although, these species have unique characteristics but their large plant size 

affects the ornamental beauty of plants and does not fulfill the rising trends of high 

density plantations (Hashmi, 2005). So there was a need of reduced stature rose 

plants that can can be used in urban landscape and home conditions with less space. 

Dwarf roses are also suitable for pot culture (including hanging baskets), outdoor 

landscape, the traditional rose garden and cut flowers. These species have small 

size flowers but now large flower size and variegation in color are desirable 

characters for ornamental beauty. Moreover, flower size and number of petals also 

influence the essential oil contents of rose. These species have unique 

characteristics so there was need to develop mutants from these species to make 

them more diverse and multipurpose for its ornamental beauty, domestic 

consumption and export purpose. 

Being an important  ornamental plant, research have been conducted for the 

quality and quantity improvement. The breeding program is focused on different 

characters to boost the ornamental value together with the flower color and size. 

Although demanded traits are introduced by conventional breeding but it has 

certain limitations i.e narrow gene pool, limited distant crosses by incompatibility 

or ploidy level differences of putative parents and characteristics such as uniform 

growth and synchronous flowering were polygenic (Rout et al., 2006). 
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Conventional breeding programs to obtain new varieties are also very time 

consuming and many times frustrating (Pestanana et al., 2011). However, in recent 

times, due to in vitro developments, mutation induction and the advances in cell 

and molecular biology techniques (Tulmann Neto et al., 1998) have reduced the 

time frame over conventional breeding methods. In vitro mutagenesis is a 

combined effect of tissue culture and induced mutation which offer an opportunity 

to increase variation in commercially important cultivars (Jain et al., 1998). 

For the induction of mutations, physical and chemical mutagens have been 

used (Maluszynski et al., 1995). Induced mutation with radiation is the most 

commonly used method to introduce mutant varieties. The radiations types 

available for induced mutagenesis are ionizing radiations (gamma-rays, X-rays, 

protons and neutrons, alpha and beta particles,) and ultraviolet radiations. Ionizing 

radiations penetrates into the tissue and induce different forms of chemical changes 

(Jain, 2010). Ionizing radiation’s use, such as gamma rays, X-rays and neutrons for 

the induction of variation, is an efficient technique (Ahloowalia and Maluszynski, 

2001). However, gamma rays are mostly used for this purpose and are considered 

to be more suitable for obtaining mutants with less radiation damage (Yamaguchi 

et al., 2010). Irradiation with in vitro culture technique is a valuable method to 

induced desired variations (Maluszynski et al., 1995).  

Chemical mutagens also induced heritable variation (Novak, 1990) and 

colchicine has been used successfully to induce polyploidy in many ornamental 

plants (Thao et al., 2003). Polyploidy is an important factor in the evolution of 

flowering plants, inducing different changes in the plants (Ramsey and Schemske, 

2002). It has been used as a breeding tool in the enhancement of ornamental 
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characteristics such as leaf thickness, plant size, and flower size (Shao et al., 2003). 

Advantages of polyploids over diploids have widely led to breeding of polyploid 

plants (Ramsey and Schemske, 2002). Genome doubling helps in  selection, allow 

variation between duplicated genes and attainment of new function (Pickett and 

Meeks-Wagner, 1995). Deviation in function has greater importance for evolution 

due tophysiological and biochemical flexibility, better environmental adaptability 

and novel physiological or morphological evolution (Levin, 1983). Induced 

polyploids have rapid variation in genome, including recombination sequence 

elimination, sequence rearrangements and changes in DNA methylation (Osborn et 

al., 2003). These variations have direct impact on structure of genome and 

implications for evolution (Adams and Wendel, 2005). Moreover, with the advent 

of tissue culture techniques, in vitro polyploidy has turn out to be the main method 

to develop polyploids (Zhang et al., 2008). 

Success of plant-breeding program depends on the nature and degree of 

genetic variation found in the germplasm. For this purpose, somaclonal variation is 

an effective force for increasing the genetic base, especially in the vegetatively 

propagated species (Evans and Sharp, 1986; Gosal, 2010). Genetic and epigenetic 

variation which occurs during vegetative propagation, including in vitro 

multiplication, is called somaclonal variation (Larkin and Scowcroft, 1981). 

Somaclonal variations unveil the natural variability in plants and use this genetic 

variability to produce new plants (Evans and Sharp, 1986). It can become a part of 

plant breeding provided they are heritable and genetically stable. DNA 

methylations produce genetic instability in somaclones, which may be due to 

epigenetic variation. Usually gene mutations found oftenly in tissue culture-derived 
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plants, and therefore, in vitro technique is regarded similar to mutation. Since 

somaclonal variation can increase the genetic variation in plants, many plant 

characters can be altered, including yield, plant height, early flowering and number 

of flowers per plant (Jain et al., 1998). Therefore, improvement in plants through 

somaclonal variation is considered as a reasonable process for inducing stable, 

inheritable variations in broadly divergent plant species. 

Identification of phenotypes is based on morphological and physiological 

characters, although it needs keen observation upto the maturity of plants. 

Moreover, some in vitro induced changes can not be noticed, as the gene’s 

structural differences and protein do not alter the biological activity always to such 

an extent that it can be recorded phenotypically. In this case, variation can be 

recorded by DNA analysis (Marı´a Jesu´ s Prado, 2010). Development in molecular 

research of model plant species depend on the induction and identification of 

mutants as a tool for the study of developmental genetics and elucidation of 

biochemical pathways (Roe et al., 1993). 

In agriculture, floriculture is an important sector with huge market potential 

world wide. But unfortunately in Pakistan, as floriculture is almost a neglected 

sector so little attention has been focused in the past on in vitro mutagenesis of 

cultivated rose species through different physical and chemical mutagens. Moreover, 

the production of rose cultivars is the major force within the industry, driven by 

consumer demand for novel growth and floral forms. In addition, rose breeders also 

constantly seek new varieties with improved horticultural traits. The ability of the 

breeder to satisfy these demands is restricted as roses are highly heterozygous in 

nature making the alteration of individual traits difficult by conventional means 
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(Marchant et al., 1996). Although R. gruss-an-teplitz, R. centifolia and R. 

borboniana, have unique characteristics but have large plant size and small size 

flowers having no color variegation. It does not fulfill the recent trends of high 

density plantations and consumers demand for flower size and color, a demand of 

today’s market. 

In Pakistan, no significant work has been reported on in vitro mutagenesis in 

cultivated species through physical and chemical mutagens. So there was a need to 

develop mutant plants from these species to make them more diverse. Therefore, 

present study was designed to induce positive mutations in roses for plant height, 

flower size and color variegation in flowers to increase their commercial value. 
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Chapter 2 

IN VITRO CULTURE ESTABLISHMENT AND SHOOT 

MULTIPLICATION 

 
2.1 INTRODUCTION 

Rose is a beautiful flower having commercial and ornamental value 

(Hameed et al., 2006). It has extremely high economic value in international 

market and its products are also very commonly used in cosmetic, perfume, and 

pharmaceutical industry (Hussain and Khan, 2004). Roses are usually propagated 

by cuttings, although, they can also be propagated by budding and grafting which is 

a difficult and tedious process (Horn et al., 1992). Similarly, reliance on season and 

slow multiplication rate are some main limiting reason in conventional propagation 

(Pati et al., 2006). Moreover, some rose species are difficult to root. Tissue culture 

on the other hand is becoming increasingly popular as an alternative means for 

vegetative propagation of roses (Khosravi et al., 2007). Moreover, micro 

propagated plants are well suited for cut flower production as they are more 

compact, branch better and sometimes yield more flowers (Pati et al., 2006). 

Important features of in vitro proliferation are its massive multiplicative power in 

short period of time, production of disease free healthy plants and capacity to 

generate propagules round the year (Razavizadeh and Ehsanpour, 2008). In 

addition, shoot proliferation and root system development required for successful 

ex vitro acclimatization in autotrophic conditions, are high energy requiring 

processes that can only occur at the expense of available metabolic substrates (De 

Klerk and Calamar, 2002 and Premkumar et al., 2003). Therefore, this study was 
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aimed to develop an efficient in vitro protocol for culture establishment and 

multiplication of R. gruss an teplitz and R. centifolia and R. borboniana. 

2.2 REVIEW OF LITERATURE 

Findings of previous research regarding in vitro culture establishment are 

being reviewed here. 

2.2.1  In Vitro Shoot Proliferation 

Plant tissue culture refers to the in vitro culture of plants from plant parts 

(tissues, organs, embryos, single cells and protoplasts etc.) on nutrient media under 

aseptic conditions (Altman, 2000). In vitro plant regeneration is the most important 

step for successful implementation of various biological tools used for plant 

improvement programme (Pati et al., 2004).  

The Murashige and Skoog medium (MS, 1962) and its modifications are 

commonly used to establish and maintain rose tissue cultures (Skirvin et al., 1990). 

Standard MS medium induce the best rates of shoot proliferation in different 

cultivars (Davies, 1980). Micropropagation of roses was reported by various 

researchers using cultures of axillary buds and apical meristems (Pati et al., 2006). 

Shoot tips (Khosh-Khui and Sink, 1982) and stem segments with buds (Douglas et 

al., 1989) are often employed to establish rose tissue cultures.  

2.2.2 Disinfestations of Explants 

The explants may be disinfected with 0.1% HgCl2 for 20±5 min. followed 

by several rinses with sterile distilled water and can be cultured on either basal MS 

(Murashige and Skoog, 1962) medium or woody plant medium. The initial explants 

were surface sterilized with 70% (v/v) ethanol for 20±30 s followed by 0.1% HgCl2 

and then rinsed in sterile distilled water before being used as explants (Rout et al., 
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1990; Skirvin et al., 1990). Maximum survival percentage was observed when 

sterilization of axillary buds of orchid was done for 8 min with 10% (v/v) NaOCl 

(Asghar et al., 2011). 

2.2.3 Phenolic Substances 

Some roses exude phenolic substances into the medium. These compounds 

cause the medium to brown and can be autotoxic to the plant. The browning 

develops when enzymes and other compounds exuded from the cut end of the plant 

react with compounds in the medium. Browning can be prevented by oxidative 

inhibitors such as, pharmaceutical grade polyvinyl pyrollidone (PVP) or ascorbic 

acid. In the case of roses, the browning is sometimes inhibited by keeping 

subcultured shoots in darkness for 2-3 days after subculturing (Skirvin et al., 1990).  

2.2.4 Growth Regulators for Shoot Proliferation 

Shoot proliferation in vitro is largely the result of the cytokinin in the 

medium (Skirvin et al., 1990). For optimal shoot proliferation an exogenous supply 

of cytokinin is required (Hutchinson, 1984). Although several different cytokinins 

have been used in rose proliferation, best proliferation rate was obtained by using 

BA. This cytokinin induces a larger number of shoots than zeatin, isopentenyl 

adenosine or kinetin (Hutchinson, 1984). The concentration of BAP in the growth 

medium seems to be of vital importance. Asghar et al. (2011) reported maximum 

number of shoots in orchid  Dendrobium nobile var. Emma white at 2 mgl-1 BAP. 

Low concentrations produce few lateral shoots, although they are longer, and with 

greater leaf area, than for shoot proliferation at optimal concentrations (Welander, 

1985). Supra optimal concentrations have been reported to give vitreous explants in 

apples (Welander, 1985) as well as in other species (Debergh, 1983). The duration 
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of incubation with BAP may well affect the responses obtained. Longo et al. 

(1978) state that, for excised water melon cotyledons, cell expansion and 

development of cell organelles are more intense after a short period of BAP 

treatment. Although, the requirement for an exogenous cytokinin for shoot 

proliferation is well documented, only a few investigations deal with the 

availability of the applied cytokinin or with the uptake and distribution of the 

compound in in vitro shoots or explants (Debergh, 1983).  

Inclusion of GA3 (0.1–0.25 mg1-1) in the BAP supplemented medium 

improved multiplication rate. Pati et al. (2001) reported that the BAP concentration 

was at 5 µM optimum for shoot proliferation in R. damascena and R. bourboniana. 

BA concentrations from 5 to 20 µM yielded the highest number of shoots and were 

most suitable for the in vitro rapid multiplication of ‘Fairmount 1’, a Rosa 

multiflora (Canlı, 1997). Bharadwaj et al. (2006) reported that best multiplication 

rate (6.9 shoots/explant) for miniature rose (R. chinensis Jacq. var. minima) was 

obtained from the MS medium fortified with 4.0 mg BAP+2.0 mg kinetin/litre and 

0.1 mg NAA/litre. Minimum of 15-20 plants from a single explant of three hybrid 

tea rose varieties (Christion Dior, Papa Meilland and Black Lady) were obtained 

within three months on MS medium if supplemented with adenine sulphate           

(3 mgl-1)  in addition to the growth regulators (Chavan et al., 2007), therefore the 

protocol was reported to hold promises for commercial application.  

Multiple shoots were achieved from nodal explants of Rosa hybrida cvs. 

Cri Cri, Pariser Charme and First Red on the Murashige and Skoog (MS) medium 

supplemented with 1.5–2.0 mgl-1 BA (6- Benzylaminopurine), 50 mgl-1  ADS 

(Adenine sulfate) with 3 percent (w/v) sucrose (Senapati and  Rout, 2008). Hameed 
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et al. (2006) reported that MS medium supplemented with different concentrations 

of BAP at 1.0 mgl-1 concentration, obtained 82 percent shoot formation within 9.6 

days of inoculation. Maximum (100 %) shoot formation from nodal meristem was 

obtained at 1.5 mgl-1 of BAP within 7.4 days of inoculation. By further increase in 

concentration of BAP, not only the rate of shoot formation decreases but time taken 

for shoot formation also increases. Rout et al., 1990 observed early bud break in 

media supplemented with BAP or BAP+GA3, with enhanced rates of shoot 

multiplication. Incorporation of GA3 at low concentrations (0.1–0.25 mgl-1) in the 

BAP supplemented medium improved explant response up to 95 percent. 

2.2.5 Culture Conditions for in Vitro Shoot Proliferation 

Usually 16 hours light duration from Gro-lux type white fluorescent lamps 

or a cool source of white light is provided in culture conditions (Pati et al., 2005). 

Leyhe and Horn (1994) recorded optimal shoot is formed at 21oC for different 

cultivars of R. hybrida. A similar observation was also made by Rout et al. (1999) 

in which they noticed reduced shoot multiplication above 21oC. However, many 

other researchers have successfully used a higher temperature of 25
o
C for shoot 

multiplication (Horn, 1992; Carelli and Echeverrigaray, 2002). Asghar et al., 

(2011) also incubated orchid cultures at 25 ± 1°C under 16/8 h of photoperiod 

(2,000 lux) with white fluorescent tubes (Philips TL 40 W/54). 

2.2.6 Growth Regulators for In Vitro Rooting 

In vitro plantlets should have sufficient number of roots for absorption of 

nutrients and to provide anchorage for establishment of tissue culture plants in 

open conditions. Auxins play a crucial role in the formation of adventitious roots in 

the micropropagated plantlets. Rout et al., (1990) also reported that in vitro 
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induction of roots from growing shoots achieved either in the synthetic medium 

directly or after withdrawal of cytokinin from the culture medium, depends on the 

species and cultivars. Pierik and Segers (1973) demonstrated that rooting was 

influenced only by sugar and auxin in the medium, but not by the presence or 

absence of macroelements.  

Rooting capacity also depends on the interaction of complex internal and 

external factors (Hyndman et al., 1982). Skirvin and Chu (1979) induced rooting of 

in vitro regenerated shoots of rose on solid medium without growth regulators. IBA 

at a level of 2 mgl-1 increased the rooting percentage (97.5%) number of roots 

(4.70) and root length (3.47 cm) more efficiently than NAA. However, higher 

concentrations of IBA and NAA (3.0 mgl-1) showed poor results of rooting    

(Asghar et al., 2011). Davies (1980) achieved 100% rooting in several cultivars of 

rose by placing them on MS medium supplemented with 40 gl-1 sucrose devoid of 

growth regulators. Many workers reported that roots were easily induced from 

excised mature microshoots on MS medium supplemented with low concentrations 

of auxins (IAA or IBA or NAA) in the range of 0.1±0.5 mgl-1 with the reduction in 

the level (2±2.5%) of sucrose (Hasegawa, 1980). 

 IAA stimulated branching and growth of roots better than NAA, while 

NAA improved shoots growth (Pierik et al., 1975).  Khosh-Khui and Sink (1982) 

indicated that IAA (0.0±0.1 mgl-1) and NAA (0.0±0.1 mgl-1) were effective in 

induction of roots. Rout et al. (1990) depicted that seven different rose cultivars 

rooted within 8±10 days on half-strength MS medium supplemented with 0.1±0.25 

mgl-1 of NAA or 2, 4-D alone or in combination.  
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Better rooting (92±98%) was achieved when 6-week-old shoots (1.5±2.0 

cm) were dipped in IBA (1.0 mgl-1) solution for 15±20 min before being placed in 

a sterile medium containing sand-cowdung-soil mixture in the ratio of 2 : 1 : 1 

(v/v/v). Arnold et al. (1995) found that microshoots of Rosa kordesii cvs. John 

Franklin and Champlain rooted well in the medium with low or no auxin and high 

salt concentrations. Optimum rooting in `Champlain' was achieved at high IAA 

concentration with low salts or intermediate IBA and NAA concentrations with low 

to medium salts. Excised shoots of R. hybrida cv. Peace was well rooted on 1/2 MS 

supplemented with 0.5 mg/l IBA. Optimum rooting was obtained by IAA or IBA at 

a concentration of 10 mg l-1; IAA induced a smaller number of long roots, where as 

IBA larger number of short roots (Pierik et al., 1975). Lloyd et al. (1988) reported 

that the excised in vitro regenerated shoots rooted well on sorbarod plugs soaked in 

liquid medium. On average, about 45% of shoots were rooted within 2 weeks of 

culture. Subsequently, other researchers achieved rooting in in vitro regenerated 

shoots on medium containing low concentrations of IBA or IAA or NAA (Rout et 

al., 1992; Burger et al., 1990). 

Meyer and Staden (1988) reported that the shoots rooted in vitro on MS 

medium supplemented with 5 to 10 µM indole-butyric acid (IBA) or 5 to 10 µM 

Naphthalene acetic acid (NAA). Zakharova (1987) reported that cultivars ‘Auriga-

Karmezin’ and ‘Sonia’ produced best roots on MS medium supplemented with 

IAA at 1 mg l-1. Mariska et al. (1989) got best rooting of shoots with IAA at 0.1  

mg l-1, while the use of NAA gave short swollen roots. Highest root multiplication 

rates (9.5 - 11.2) were obtained on modified MS medium supplemented with 1 mg 

l-1 BAP, independently of the IAA concentration used in a study on in vitro 
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propagation of Gerbera cultivar ‘Applebloesem’ using three-leaf-bud explants 

(Barbosa et al., 1993). Szule and Rogozinska (1994) reported that more number of 

roots was obtained in cultivar “Monaco” with IBA at a concentration of 0.25       

mg l-1. Liqing et al. (1996) concluded that the rooting media supplemented with 

ABT (Aminobenzo triozole) at a concentration of 0.5 mg l-1 resulted in 100 per 

cent rooting and 98.9 percent survival of transplanted plantlets. Deepaja (1999) 

showed that the rooting response was better with IBA compared to NAA. MS basal 

media was found to be the best for in vitro rooting in GJ-1 and GJ-2. The cultivar 

GJ-3 rooted well at 0.5 mg l-1 IBA. The medium containing NAA induced swelling 

of roots in GJ-2 and callus production in GJ-3. Shailaja (2002) obtained 100 per 

cent rooting, improved shoot and root growth on MS medium supplemented with 1 

mg l-1 NAA. Whereas, Hitmi et al. (1999) noted that addition of NAA in 

propagation of in vitro was completely inhibitory to root initiation. The effect of 

auxins (NAA or 2, 4-D, each at 0.5, 1, 2 and 5 mg l-1) on root formation was 

studied by Aswath and Choudhary (2002). Nga et al. (2005) reported that 100 per 

cent of micro-shoots rooted on MS medium supplemented with NAA (0.1 - 1.0   

mg l-1) after 2 weeks of inoculation, while 0.1 mg l-1 NAA gave higher number of 

roots and good plant vigour. Pratpakumar et al. (2001) get proper rooting in liquid 

half MS medium by means of IBA. 

2.2.7 Culture Environment for In Vitro Rooting  

There are few reports with regard to the role of the culture environment 

such as the temperature and the light on rooting. Khosh-Khui and Sink (1982) 

achieved about 84% rooting in cv. Bridal Pink rose with an illuminance about 1.0 

klux. They observed that higher illuminances (3.0 klux) inhibited rooting. On the 
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contrary, they noted good rooting in the microshoots by shading the lower portion 

of the culture vessels regardless of the illuminance in the culture room. Skirvin and 

Chu (1984) found that red light had a beneficial effect on the rooting of miniature 

roses. Khosh-Khui and Sink (1982) demonstrated the effect of combinations of 

auxins at different concentrations, temperature shifts and light on root formation of 

R. hybrida cv. Bridal Pink. 

2.3 MATERIALS AND METHODS 

The present research study was conducted in the Plant Tissue Culture Lab. 

of the Department of Horticulture, PMAS-Arid Agriculture University, 

Rawalpindi. Plants of Rosa gruss-an-teplitz, Rosa borboniana, and Rosa centifolia 

were taken from the germplasm repository of University of Agriculture, Faisalabad 

and kept in pots in the glass house of the  Department of Horticulture, PMAS- Arid 

Agriculture University Rawalpindi.  

2.3.1 In Vitro Culture Establishment 

2.3.1.1 Disinfestation of Explant 

Rose explants were propagated in vitro using shoot tips with partly folded 

leaflets. These explants were placed under tap water for 15 min. and then for 5 min. 

in aqueous solution (5 %) of Teepol, followed by washing with running tap water. 

They were disinfestated with ethanol (70%) for 30 sec. followed by sterilization 

with HgCl2 solution (0.1 % w/v) for 5 min. and then rinsed with sterilized water 

(Datta et al., 2005). 

2.3.1.2 Proliferation of Explants 

Explants were cultured in shoot proliferation medium (MS macro, micro 

elements and vitamins) fortified with IBA (0.01 mg l-1) and different levels of BAP (0, 
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0.5, 1.0, 1.5, 2.0, 2.5 and 3). All the media were supplemented with 30 g l-1 sucrose, 

gelled with 7 g l-1 agar and the pH was adjusted to 5.8. The medium was   autoclaved at 

121 °C for 20 mins. Filter sterilized GA3 (0.1 mgl-1) was added after autoclavation. 

Explants were placed in growth room at 24 °C (Dubois et al., 2000) under cool white 

light for 16 h photoperiod. Data were recorded on   number of shoots per explant, shoot 

length (cm), leaf area as well as fresh and dryweight (mg). 

2.3.1.3 In vitro Rooting 

For induction of roots, uniform micro-shoots were taken and inoculated to 

rooting medium (1/2 MS macro, micro elements and vitamins) supplemented 

withsucrose (20  g l-1), brilliant black dye (100 mg l-1) and  different concentrations   

(0.00, 0.25, 0.50, 0.75, 1.0, 1.5, 2.0 mg l-1) of IBA. Observations on cultures rooted 

(%), number of roots per shoot, root length (cm) as well as fresh and dry weight 

(mg) was collected after six weeks. R. gruss an teplitz, R. centifolia and R. 

borboniana were successfully established and then used for mutation purpose in 

other experiments. 

2.4 Data Analysis 

The experimental design was CRD having four replications and 60 explants 

in each treatment. The data were subjected to two-way analysis of variance  

(ANOVA) and the differences among means were compared using Duncan’s 

Multiple Range Test at 5% probability level (Steel et al., 1997). 

2.5 RESULTS AND DISCUSSIONS 

2.5.1 In Vitro Culture Establishment 

Plant tissue culture is an efficient method to produce vast number of true to 

type, healthy and disease free plant in a very short time (Aftab et al., 2008). Most 
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important step before culture initiation is sterilization of the explants (Allan, 1991) 

because freedom of explants from microbes is the main prerequisite for determining 

the culture establishment capacity. Since conditions of growth room provide an 

optimal growth environment for bacteria and fungi, with unsuccessful surface 

sterilization of explants. On one hand, surface sterilization have objective to kill all 

microbes that can easily grow under lab.conditions whereas, on the other hand it 

should ensure the explant’s survival and regeneration capacity which are known to be 

influenced by the disinfectant level and sterilization time (Yildiz and Er, 2002). A 

large number of chemicals including NaOCl, ethanol, hydrogen peroxide, bromine 

water, mercuric chloride, silver nitrate and various antibiotics are used for surface 

disinfestation (Bloomfield and Arthur, 1991). However, HgCl2 is commonly used for 

surface sterilization of many plants (Skirvin et al., 1990). Present research was 

conducted to check the effect of 0.1% HgCl2 for 5 minutes on shoot tip explants of R. 

gruss-an-teplitz, R. centifolia and R. borboniana for the eliminations of 

microorganisms for successful in vitro multiplication. 

2.5.2	 Effect of Mercuric Chloride on Disinfestations of Rose Explants 

Disinfestation of shoot tips of Rosa species with 0.1% HgCl2 for five minutes 

showed variable results after four weeks of culturing as mentioned in Table 1. 

Maximum survival percentage was recorded with limited number of explants infested 

with bacterial and fungal contamination in R. gruss an teplitz (30%) followed by R.  

centifolia (19%) and R. borboniana (14%). However minimum necrosis percentage 

was found in R. borboniana (8%) followed by R. gruss an teplitz (10%) and 

R.centifolia (14%). Explants were infested more with fungal contamination than 

bacterial one. 
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 Amir (2011) also exposed explants to 0.1% HgCl2 solution for sterilization. 

HgCl2 is commonly used with 70% ethanol for surface sterilization of many plants 

(Skirvin et al., 1990).  

2.5.3 Number of Shoots    

  Different levels of BAP interacted significantly with R. gruss an teplitz, R. 

centifolia and R. borboniana in terms of number of shoots (Table 2). These species 

yielded maximum number of shoots 3.99, 3.18 and 4.62 respectively with 1 mgl-1 

BAP as shown in Fig.1. Increase in concentrations of BAP showed an ascending 

order up to a level of 1 mgl-1 then a declining trend with increase in concentrations. 

These results can be related to the manipulation of exogenous cytokinins 

concentrations that may cause an increase of endogenous auxin concentrations 

which is probably induced by an inhibition of free IAA conjugates due to the 

presence of exogenous cytokinins (Jaramillo et al., 2008). In vitro shoot 

proliferation is largely based on media formulations having cytokinins as best plant 

growth regenerator (Kim et al., 2003). Its presence in the growth medium assisted 

the multiplication of shoots in hybrid roses throughout the year (Rout et al., 1999). 

BAP is the most useful growth regulator for shoot proliferation (Vijaya et al., 

1991). Axillary bud outgrowth, a process of apical dominance release, can be 

improved as a result of exogenous cytokinins (Kapchina et al., 2000). Purine-type 

cytokinins effectively release the apical dominance in in vitro propagated 

ornamentals (Bollmark et al., 1995; Kapchina et al., 2000). Purine cytokinin N6-

benzyladenine (BA) also stimulated the axillary bud break and increased the 

number of open buds of Rosa hybrida L. grown under in vitro conditions 

(Kapchina et al., 2000).  
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Among treatments BAP produced highest number of shoots (3.93) at                

1 mgl-1 followed by 3.42 at  1.5 mgl-1. Increase in BAP concentrations reduced the 

number of shoots up to 1.93 at 3.0 mgl-1. The fact that higher doses fail to show 

their result could be ascribed to an obnoxious influence at higher level, where as 

the uselessness of the lower dose pointed insufficient dose of growth rgulator as a 

result indicating poor performance (Waseem et al., 2009). With increase in 

concentrations of BAP average number of shoots per culture reduced (Hameed et 

al., 2006). Inclusion of BA in the culture medium is important for bud break and 

shoots multiplication of R. hybrida cultivars (Hasegawa, 1980; Wulster and 

Sacalis, 1980). There are genes causing increased number of bud initials and shoot 

multiplication. Moreover, the possible gene involvement in adjusting hormone 

levels has also been reported (Tantikanjana et al., 2001).  

R. gruss an teplitz, R. centifolia and R. borboniana showed a significant 

result having 2.72, 22.08 and 2.42 number of shoots respectively. Shoot 

proliferation rate varied in diverse species and specific to growth medium (Senapati 

and Rout, 2008). 
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Table 1.  Effect of HgCl2 (0.1% w/v) on disinfestation of rose explants 

Rose species 
Necrosis 

(%) 

Infestation (%) 
Survival 

(%) 
Fungal Bacterial Total 

R. gruss an teplitz 10 48 12 60 30 

R.  centifolia 14 60 7 67 19 

R. borboniana 8 48 30 78 14 

 

Table 2:  Effect of BAP on number of shoots of rose species 

  

BAP (mgl-1) 
Rosa species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

TO (0.0) 1.09ij 1.06j 1.13ij 1.09E 

T1 (0.5) 2.07gh 2.00h 2.01gh 2.02D 

T2 (1.0) 3.99ab 3.18cd 4.62a 3.93A 

T3 (1.5) 3.78bc 3.06de 3.43bcd 3.42B 

T4 (2.0) 2.85def 1.87gh 2.37efg 2.36C 

T5 (2.5) 2.42efg 1.76ghi 2.08gh 2.09CD 

T6 (3.0) 2.23fgh 1.65hij 1.92gh 1.93D 

Mean 2.72A 2.08C 2.42B  

LSD 0.05            T=   0.3271             S= 0.1688       T×S=  0.6926  

	 	 	 	 .  
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Bresan et al. (1982) also showed that BAP at low level stimulate the 

axillary buds development in cv. Gold low more than cv. Improved Blaze. 

Noteworthy difference in cultivars with respect to shoot prolification has been 

ascribed to the genotypic influence as depicted in rose by many researchers 

(Bressan et al., 1982; Valles and Boxus, 1985). 

2.5.4 Shoot Length (cm) 

Different concentrations of BAP interacted significantly with the species 

regarding shoot length. Maximum shoot length (4.35 cm) was obtained by R. gruss 

an teplitz with BAP at 0.5 mgl-1 followed by 3.48 cm at 1 mgl-1 as depicted in 

Fig.2. However, R. centifolia and R. borboniana secured maximum length (2.72, 

3.17 cm) at 1 mgl-1 BAP followed by 2.10 and 2.30 cm respectivelyat 1.5 mgl-1 as 

shown in Table 3. R. gruss an teplitz depicted a declining trend after attaining 

maximum shoot length at 0.5 mgl-1 while R. centifolia and R. borboniana at 1 mgl-1 

BAP. Purine type cytokinin BA more positively affects the growth, development 

and the appearance of micro plants. Elongation decreases with increase in number 

of shoots at high level of BA (Carelli and Echeverrigary, 2002).  This can be 

caused either by better uptake and more efficient utilization of the purine cytokinin 

or by the lower level of endogenous cytokinins (Veneta et al., 2005). BAP being a 

strong cytokinin depresses shoot length by an increase in number of axillary buds 

(Hameed et al., 2006) as most of the nutrients are utilized for the formation of 

lateral shoots (Yakimova et al., 2000).  Shoot length may also be decreased as 

Purine-type cytokinins effectively release the apical dominance in in vitro 

propagated ornamentals (Kapchina et al., 2000). Axillary bud outgrowth, a process 
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of apical dominantion release, is promoted in as a result of application of 

exogenous cytokinins (Cline, 1994). 

Among treatments BAP produced maximum shoot length 3.12 and 2.88 cm    

at concentrations of 1.0 mgl-1 and 0.5 mgl-1 respectively. Both treatments showed 

non significant results. All other treatments also exhibited shoot length better than 

medium without BAP. However, a gradual increase in the concentration of 

cytokinin above optimum levels showed a declining trend regarding shoot length. 

Ahmad et al. (2003) explained that the higher concentrations of BAP increases the 

ethylene levels in the plants which block the basipetal transport of endogenous 

auxin in the shoots resulting in minimum shoot length. Increased levels of BAP in 

the medium suppress shoot growth due to increased number of shoots (Waseem et 

al., 2009). BAP addition to the MS medium exhibited the most distinct effect on 

growth and expansion of meristem tips (Novak and Juvova, 1982). Incorporation of 

GA3 in combination with BA in the proliferation medium promoted the frequency 

of elongated shoots. Effect of GA3 on the stimulation and development of plants is 

recognized, as it has been found to encourage cell division and elongation in the 

shoots subapical zone (George, 1993). R. gruss an teplitz showed significantly 

better length of proliferated shoot (2.19 cm) than R. centifolia (1.77 cm) and R. 

borboniana (2.04 cm) as  genotypic differences could have a perceptible influence 

on growth performance of rose cultures (Nasser  et al., 2005). 

2.5.5 Leaf Area (cm2) 

Analysis of data revealed that different levels of BAP significantly 

increased the leaf area of R. gruss an teplitz, R. centifolia and R. borboniana as 

shown in Table 4. Maximum leaf area i.e 0.78, 1.37 and 1.62 cm2 was recorded at  
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Table 3:  Effect of BAP on shoot length (cm) of rose species 

 

 

Table 4:  Effect of BAP on leaf area (cm2) of rose species 

  

 BAP (mgl-1) 

 

Rosa species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0.0) 0.88k 1.29ijk 1.15jk 1.11E 

T1 (0.5) 4.35a 1.38ijk 2.92cd 2.88A 

T2 (1.0) 3.48b 2.72cde 3.17bc 3.12A 

T3 (1.5) 2.39def 2.10fg 2.30efg 2.26B 

T4 (2.0) 1.54hij 1.98fgh 1.82ghi 1.78C 

T5 (2.5) 1.39ijk 1.50hij 1.51hij 1.47D 

T6 (3.0) 1.30ijk 1.39ijk 1.40ijk 1.36DE 

Mean 2.19A 1.77C 2.04B  

LSD 0.05                            T = 0.2609              S = 0.1346         T×S = 0.5523 

	 	 	 	 	 	 .  

BAP (mgl-1) Rosa species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0.0) 0.99cdef 0.62hij 0.87efg 0.83B 

T1 (0.5) 0.52ijk 0.78fgh 1.03cde 0.78B 

T2 (1.0) 0.78fgh 1.37b 1.62a 1.25A 

T3 (1.5) 0.47ijkl 0.97def 1.22bc 0.88B 

T4 (2.0) 0.32kl 0.95ef 1.20bcd 0.82B 

T5 (2.5) 0.27l 0.40jkl 0.65ghi 0.44C 

T6 (3.0) 0.24l 0.35kl 0.53ijk 0.37C 

Mean 0.51C 0.78B 1.02A  

LSD 0.05                          T =  0.1164                    S = 0.0601          T×S = 0.2464 

	 	 	 	 	 	 .  
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the optimum dose of 1.0 mgl-1 BAP. However, after this level increase in the level 

of  BAP showed a declining trend. Among the treatments BAP produced maximum 

leaf area (1.25 cm2) at optimum dose of 1 mgl-1
. However, there was a reduction in 

leaf area above this level of BAP. Among the species there was also a significant 

difference regarding the leaf area. R. gruss an teplitz attained maximum leaf area 

(0.51cm2) followed by R. centifolia (0.78cm2) and R. borboniana (1.02cm2) 

repectively. Cytokinins play numerous roles in the control of plant development. In 

some situations, cytokinins trigger RNA synthesis, motivate protein synthesis and 

some enzymes activities (Kulaeva, 1980). Cytokinin also results polyribosome 

content increase in cultured cells (Tepfer and Fosket, 1978). BAP concentration in 

the culture medium seems to be very important. With low concentrations a larger 

leaf area is produced (Romano et al., 1992). Auxin at low level has been seems to 

give proper leaves growth (Koudar et al., 1984).  Rajeevan and Pandey (1986) also 

reported reduction in leaf size at higher concentrations of BAP. Al-Bahrany (2002) 

also reported that at higher BAP level leaves became smaller or remained 

unaffected.  

2.5.6 Fresh and Dry Weight (mg)  

Maximum fresh weight was observed in R. gruss an teplitz (172.4mg), R. 

centifolia (184.5mg) and R. borboniana (180.47mg), respectively at 1.0             

mgl-1 (Table 5). It is inferred from the results that BAP at 1.0 mg l-1 is the optimum 

concentration for the better performance of this particular hormone. However, fresh 

weight declined when concentrations is further increased. Rose pecies depicted 

significant difference by attaining 79.90, 95.65 and 89.07mg fresh weight, 

respectively. Dry weight accumulation also showed synergism to fresh weight. 
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Better accumulation of dry weight (39.94, 46.18, and 44.57 mg) was observed at 1 

mg l-1  in  R. gruss an teplitz, R. centifolia and R. borboniana respectively (Table 

6). Like, fresh weight maximum dry weight was produced (43.56 mg) at 1 mg l-1 

but decreased with further increase in BAP concentrations. Significant dry weight 

accumulation (22.07, 18.95, and 21.90 mg) was recorded in R. centifolia, R. gruss 

an teplitz and R. borboniana, respectively. 

According to Veneta et al. (2005) in medium supplemented with BA 

concentrations the  accumulation of dry mass  pronounce better than on plants 

grown without cytokinins. Moreover, plants with increased cytokinin content have 

more branches (Schmülling, 2004), number of shoots, shoot length and number of 

leaves by initiating cell division and cell elongation (Peres et al., 2001). BAP 

increases the physiological strength of sink regions in the plant which makes the 

plant more efficient to convert the sugars into dry matter (Gollagunta et al., 2004). 

It regulates important physiological factors that find out biomass development and 

supply via central genes of primary metabolite pathways, including hexose, 

invertases, transporters and nitrogen metabolism and signalling (e.g.nitrate 

reductase) and key genes of phosphate. Transported cytokinins might have a role in 

coordinating shoot development by carrying information about nutrient availability 

(Schmülling, 2004). 

Cytokinin increases biomass accumulation due to increase in number of 

leaves, shoot length and number of shoots by stimulating cell division and 

elongation through mobilization of nutrients (Peres et al., 2001). Vulysteker et al. 

(1997) also reported that fresh weight is dependent on number of shoots and it  
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Table 5:  Effect of BAP on fresh weight (cm2) of rose species at shoot 

proliferation stage 

 

Table 6:  Effect of BAP on dry weight (cm2) of rose species at shoot 

proliferation stage 

  

 BAP (mgl-1) Rosa species 
Mean R. gruss an teplitz R. centifolia R. borboniana 

TO (0.0) 33.88j 37.06ij 37.47ij 36.14G 

T1 (0.5) 40.80hij 50.96gh 47.88hi 46.55F 

T2 (1.0) 172.44a 184.50a 180.47a 179.14A 

T3 (1.5) 94.13c 175.06a 136.60b 135.26B 

T4 (2.0) 79.63de 82.63cd 83.13cd 81.79C 

T5 (2.5) 76.92de 72.19ef 76.56de 75.22D 

T6 (3.0) 61.56fg 67.19ef 61.44fg 63.40E 

Mean 79.906 C 95.655  A 89.077   B  

LSD 0.05                            T =  6.0244        S = 3.1092        T×S = 12.756 

	 	 	 	 	 	 .  

BAP (mgl-1) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

T0 (0.0) 11.74hi 15.00e-i 14.87e-i 13.87EF 

T1 (0.5) 13.65f-i 15.47e-i 16.06e-i 15.06DE 

T2 (1.0) 39.94b 46.18a 44.57ab 43.56A 

T3 (1.5) 21.46d 32.75c 28.61c 27.60B 

T4 (2.0) 17.27d-g 17.12d-g 18.70de 17.70C 

T5 (2.5) 15.87e-i 16.50e-h 17.69def 16.68CD 

T6 (3.0) 12.75ghi 11.50i 12.84f-i 12.36F 

Mean  18.95B 22.07A 21.90A  

LSD 0.05                                 T = 2.3236              S =  1.1992               T×S = 4.9200  

	 	 	 	 .  
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might reduce due to decrease in number of shoots. Higher BAP concentrations 

showed the injurious effects and decresed the fresh and dry weights of shoots. 

Higher concentration of cytokinins elevates the ethylene production which cause in 

plant tissues senescence, and ultimately produce less fresh weights (George et al., 

2008). 

2.4.7 Rooting Percentage 

Maximum rooting percentage (91.25%) was observed in interaction of IBA 

with R. gruss an teplitz at 0.75 mgl-1 followed by 90 % at 0.50 mgl-1 as shown in 

Table 7. Similarly, R. centifolia also produced maximum rooting percentage 83.75 

% followed by 77% at 0.50 mgl-1 and 0.75 mgl-1 respectively. R. borboniana 

scored  maximum rooting percentage (91.87%) at 0.50 mgl-1 followed by 87.12% 

at 0.75 mgl-1.  Rooting percentage increased in all species with an increase in level 

of IBA upto a certain level then a declining trend in rooting percentage was 

observed. IBA is the most frequently used auxin to cause root initiation. It is 

readily changed to IAA but perhaps has an effect on its own (George et al., 2008). 

Maximum rooting percentage is probably due to the reason that optimum 

concentration of IBA might be responsible to increase the cambial growth at the 

base of microcuttings that result in differentiation of root primordia (Haq et al., 

2009).  The lower concentration of IBA found more effective (Bhatt and  Tomar, 

2010) as many workers also depicted induction of roots from excised microshoots 

on MS medium fortified with low auxins concentrations in the range of 0.1–0.5 mg 

l-1 (Senapati and Rout, 2008).  Achievement of minimum  rooting in media without 

IBA rather than complete inhibition of rooting indicates that endogenous auxin 

along with some root inducing factors might occur naturally within the micro 
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cuttings that may help for root primordia initiation (Haq et al., 2009). Furthermore, 

root inducing factors are believed to be essential for rooting, which combine with 

auxin to form a complex that directs RNA to activate enzymes that cause root 

initiation (Hartmann et al., 2007). 

 IBA at 0.50 mgl-1 and 0.75 mg l-1 depicted highest rooting percentage i.e. 

88.54% and 85.12%, respectively. However, increase in IBA above optimum level 

showed an inhibiting effect on rooting percentage. IBA appears to be a better auxin 

but its higher concentrations can reduce the level of root regeneration percentage as 

it appear to have lethal effect (Iqbal et al., 2003). Morover, IBA is stable and may 

remain present for a long time and can inhibit the outgrowth of root primordia  

resulting in massive ethylene accumulation in the tissue culture container (De 

Klerk, 2002). 

R. gruss an teplitz,  R. centifolia and R. borboniana depicted non significant 

result having 74.25, 68.90 and 75.02 rooting percentage, respectively. The 

exogenous application of IBA is considered to be better suited for inducing rooting 

in cuttings of various species (Pati et al., 2004). 

2.4.8 Number of Roots 

The most superior interaction of IBA was observed with R. gruss an teplitz 

which produced maximum number of roots viz. 12.25 at 1 mgl-1 while R. centifolia 

and R. borboniana gained 5.50 and 9.71 (Fig.3) at 0.50 mgl-1as exhibited in Table 

8. IBA due to its weak toxicity stimulates roots more efficiently and showed 

greater stability for roots induction (Han et al., 2009). Early stages of lateral root 

formation are regulated by polar auxin transport. Therefore, lateral roots 

development is initiated by auxin which is known for its capability to support  
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Table 7:  Effect of IBA on rooting percentage of rose species 

 IBA (mgl-1) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

T0 (0.00) 47.50 g 53.75fg 53.87fg 51.70C 

T1 (0.25) 70.00de 62.50ef 68.62de 67.04B 

T2 (0.50) 90.00a 83.75abc 91.87 a 88.54A 

T3(0.75) 91.25a 77.00bcd 87.12ab 85.12A 

T4 (1.00) 72.50cde 67.50de 73.62cde 71.20B 

T5 (1.50) - - - - 

T6 (2.00) - - - - 

Mean 74.25A 68.90B 75.02A  

LSD 0.05                                   T= 5.2847            S=  3.4920      T×S=  11.542 

	 	 	 	 .  

 

Table 8:  Effect of IBA on number of roots in rose species 

 IBA (mgl-1) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

T0 (0.00) 5.12e 1.37g 4.25e 3.58C 

T1 (0.25) 11.50ab 4.18e 8.84d 8.17B 

T2 (0.50) 11.93ab 5.50e 9.71cd 9.05A 

T3(0.75) 10.62bc 3.99ef 8.30d 7.64B 

T4 (1.00) 12.25a 2.65fg 8.21d 7.70B 

T5 (1.50) - - - - 

T6 (2.00) - - - - 

Mean 10.28A 3.54C 7.86B  

LSD 0.05                                        T=  0.6919     S=  0.4572        T×S= 1.5110 

	 	 	 	 .  
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adventitious root development due to cell division stimulation (George et al., 

2008). Higher concentration of IBA induces higher level of degradative metabolites 

in tissues which might lead to the blockage of root formation process (Baker and 

Wetzstein, 2004). Asghar et al. (2011) also reported reduction in number of roots 

of orchid at higher concentrations of IBA. 

The analysis of variance indicated the significant differences among 

treatments in relation to number of roots. However, maximum number of roots 

(9.05) was depicted at 0.50 mgl-1. Number of roots increased with increase in the  

level of IBA upto a concentration of 0.50 mgl-1 then a descending order was 

noticed because higher concentrations of IBA imposed reduction in root number 

and vigour. Iqbal et al., (2003) explained that application of IBA brought changes 

in the protein synthesis and RNA production which increase number of roots by 

stimulating cell division processes (Husen and Pal, 2007). Many researchers have 

also exhibited that roots were induced from excised microshoots on MS medium 

with low level of auxins in the range of 0.1–0.5 mg l-1 and with the decrease in  

level of  sucrose (Senapati and Rout, 2008). IBA has a marked influence on the 

frequency of rooting and number of root per microshoot. In addition, the presence 

of auxin increased the number of roots (Heloir et al., 1997). R. gruss an teplitz is 

much superior regarding number of roots with mean number of roots 10.28 as 

compared to 7.86 and 3.54 for R. borboniana and R. centifolia respectively. Auxin-

containing media promote in vitro rooting of various species differently (Al-

Bahrany, 2002).  

2.4.9 Root Length (cm) 

 IBA with 0.50 mgl-1 concentration showed better interaction with R. gruss 
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an teplitz, R. centifolia and R. borboniana by producing 3.60 cm, 3.55cm and 4.00 

cm root length respectively (Fig. 4). Increase in concentration of IBA promoted 

root length up to certain level and beyond that inhibiting impact on root length was 

recorded (Table 9). Auxin is formed in shoots and moved to effect the development 

of other tissues in the lower part of stem cuttings. It boosts cell elongation and has 

other growth-regulating effects also (Camellia et al., 2009). IBA has also greater 

ability to promote rooting and induces less callus formation (Panjaitan et al., 2007). 

The most favorable concentration of IBA induces cell enlargement by extruding 

protons actively into the region of cell wall and  resulting in a pH decrease in 

motivating cell wall loosening enzyme that promotes the breakage key bonds of 

cell wall and increase cell wall extensibility; hence, causing an increase in cell size 

and elongation (Taiz and Zeiger,  2006). Han et al. (2009) reported that auxins 

induce sprouting of shoot buds which initiate the growth substances in the roots for 

the growth and elongation. 

A gradual increase in root length was observed with an increasing level of 

IBA concentration upto 0.50 mgl-1 giving maximum root length of 3.72 cm.  

Results of previous works have also indicated that application of IBA significantly 

enhanced the root number and root length of Rosa damascena (Pati et al., 2004) 

where as at higher concentration it acts as a root growth inhibitor (Haq et al., 

2009). 

Non significant differences were found in R. gruss an teplitz and R. 

centifolia with mean root length 2.47 cm and 2.48 cm respectively while R. 

borboniana depicted significant different root length i.e 2.93 cm. Length of root 

could be attributed to genetic constitution. Genetic factor is combination of set of  
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Table 9:  Effect of IBA on root length (cm) of rose species 

IBA(mgl-1) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

T0 (0.00) 0.76h 1.27gh 1.72fg 1.25D 

T1 (0.25) 1.85f 2.97cd 3.42bc 2.75BC 

T2 (0.50) 3.60ab 3.55ab 4.00a 3.72A 

T3(0.75) 3.22bc 2.53de 2.98cd 2.9B 

T4 (1.00) 2.92cd 2.10ef 2.55de 2.52C 

T5 (1.50) - - - - 

T6 (2.00) - - - - 

Mean 2.47B 2.48B 2.93A  

LSD 0.05                             T=  0.2428              S=  0.1604            T×S=  0.5302 

	 	 	 	 .  
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genes favorable for the establishment of root system. Morover, extent of foliage 

could be responsible to enhance development of roots as leaves are the site of food 

manufacturing which is translocated to the roots for development regardless of the 

genetic potential (Hussain and Khan, 2004). 

2.4.10 Fresh and Dry Weight (mg) 

Statistical analysis leads to deduce that the interaction between species and 

IBA was significant for fresh weight of explants. Maximum fresh weight of R. 

gruss an teplitz (1229.1mg), R. centifolia (547.6 mg) and R. borboniana (257 mg) 

was recorded at 0.50 mgl-1 of IBA but after certain doses there was a decline in 

fresh weight.  Among the species there was a significant difference having 570.07, 

275.39 and 171.10 mg fresh weight of R. gruss an teplitz, R. centifolia and R. 

borboniana (Table 10).  

Dry weight accumulation also showed positive correlation  to fresh weight. 

Like fresh weight, dry weight also depicted significant interaction between species 

and IBA concentrations. Maximum dry weight (164.16, 68.53 and 35.13 mg) of  R. 

gruss an teplitz, R. centifolia and R. borboniana respectively was noted at 0.50 

mgl-1  as shown in Table 11.  

Treatments differed significantly with regards to their impacts on dry 

weight. Maximum dry weight (89.26 mg) was recorded at optimum dose of IBA at 

0.50 mgl-1. R. gruss an teplitz have maximum dry weight (78.85 mg) followed by 

R. centifolia (46.30mg) and R. borboniana (27.48mg). Bijelović et al. (2004) also 

reported significantly higher number of roots and biomass accumulation at 5 mM 

IBA. Auxin (IBA) was the key factor on inducing lateral root development and 

increase in biomass might be due to increase in number of roots and root length. 
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Table 10:  Effect of IBA on fresh weight (mg) of rose species 

 

Table 11:  Effect of IBA on dry weight (mg) of rose species 

 

 

 

 

IBA (mgl-1) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

T0 (0.00) 100.6i 46.7 j 46.8 j 64.71 E 

T1 (0.25) 222.4f 192.8g 116.3 hi 177.16 D 

T2 (0.50) 1229.1a 547.6c 257.0e 677.90 A 

T3(0.75) 867.8b 453.3d 240.2ef 520.43 B 

T4 (1.00) 430.5d 136.6h 195.1g 254.06C 

T5 (1.50) - - - - 

T6 (2.00) - - - - 

Mean 570.07A 275.39B 171.10C  

LSD 0.05                                       T= 12.010               S= 7.936            T×S= 26.230 

	 	 	 	 .  

IBA (mgl-1) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

TO (0.00) 33.85 ghi 23.00 ij 18.21 j 25.02 D 

T1 (0.25) 46.40 def 43.13 efg 26.38 hij 38.63 C 

T2 (0.50) 164.16 a 68.53c 35.13 fgh 89.26 A 

T3(0.75) 97.57 b 57.13 cd 34.20 ghi 62.96 B 

T4 (1.00) 52.29  de 39.75 fg 23.50 hij 38.51 C 

T5 (1.50) - - - - 

T6 (2.00) - - - - 

Mean 78.85 A 46.30 B 27.48 C  

LSD 0.05                          T=   5.4531                  S=  3.6033            T×S=  11.909                 

	 	 	 	 .  
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Fig.1.  Maximum number of shoots (3.99), (3.18) and 4.62 in R. gruss 

an teplitz (A), R. centifolia (B) and R. borboniana (C) at 1 mgl-1 

BAP respectively. 

 

 

 

 

 

 

 

 

 

 

Fig.2.  Maximum shoots length 4.35 cm in R. gruss an teplitz (A) at 0.5 

mgl-1 while 2.72 cm and 3.17cm at 1 mgl-1 BAP in R.  centifolia 

(B) and R. borboniana (C) respectively. 
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Fig.3  Maximum number of roots (12.25) in R. gruss an teplitz (A) at 

1.00 mgl-1 while 5.50 and 9.71 at 0.50 mgl-1 IBA in R. centifolia 

(B) and R. borboniana (C) respectively. 

 

 

 

Fig.4.  Maximum root length 3.60 cm, 3.55 cm and 4.00 cmat 0.50 mgl-1 

IBA in R. gruss an teplitz (A) and R. centifolia (B) and R. 

borbonianarespectively. 
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Chapter 3 

IN VITRO MUTAGENESIS THROUGH GAMMA 

IRRADIATIONS 

3.1 INTRODUCTION 

Rose is the most popular flowering ornamentals in the world (Senapati and 

Rout, 2008) and is used as a flowering landscape shrub, cut flower, blooming 

potted plant, source of perfume and vitamin C (Short and Roberts, 1991) and in the 

pharmaceutical industry (Hussain and Khan, 2004). Rose species, viz. R. 

borboniana, R. gruss an teplitz and R. centifolia, are grown throughout Pakistan 

(Hashmi, 2006), bloom in smallclusters having a strong fragrance (Beales et al., 

1998; Saeed, 2005), and are used in essential rose oil production but have large 

plant size. Reduced stature plants are in great demand by the floriculture industry, 

but conventional breeding programs to obtain new varieties can be very time 

consuming and often frustrating (Pestanana et al. 2011). Mutation breeding by 

radiation has been widely used for the development of new cultivars with superior 

characteristics in vegetatively propagated ornamental plants (Kumar et al. 2006). It 

can improve existing cultivars by mutating recessive gene (Schum and Preil, 1998). 

Mutation induction with radiation has been the most frequently used method to 

develop mutant varieties.The types of radiation available for induced mutagenesis 

applications are ultraviolet radiation and ionizing radiation. Ionizing radiations 

penetrate deeper into the tissue and can induce a great number of different types of 

chemical changes (Jain, 2010). The use of ionizing radiation has become an 

established technology (Ahloowalia and Maluszynski, 2001). However, gamma 

rays are widely used for this purpose and are considered to be more suitable for 

37
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obtaining mutants with less radiation damage (Yamaguchi et al., 2010). Moreover, 

the application of tissue culture techniques to ornamental plants has further 

facilitated the application of mutagenesis (Novak, 1990). Although R. gruss-an-

teplitz, R. centifolia and R. borboniana, have unique characteristics but have large 

plant size and small size flowers having no color variegation, a demanding 

characteristic of today’s market, as it affects the aesthetics of the plant’s foliage. As 

it does not fulfill the recent trends of high density plantations and consumers 

demand. Therefore, present study was designed to induce positive mutations in 

roses for plant height, flower size and color variegation in flowers to increase their 

commercial value. 

3.2 REVIEW OF LITERATURE 

Findings of previous research regarding mutation through irradiation are 

being reviewed here. 

3.2.1 Mutation Breeding 

Mutation is a permanent heritable change in the primary structure of the 

genetic material which consists of the total genome of a cell or plant. This concept 

includes the deletion or addition of DNA and the chromosome rearrangements by 

DNA inversion of translocation. A change in the primary DNA structure may result 

in an altered phenotype, a mutant phenotype, which has four characteristics: it 

remains stable over consecutive cell generations; it occurs at relatively low 

frequencies (10-6 to 10-10) which can be increased by mutagenesis; it should be 

correlated whenever possible with specific genetic products, and it should be 

transmitted by sexual crosses (Mantell et al., 1984). Genetic variability is the first 

requirement for the improvement of any trait. The variability available to breeders 



39 
 

comes from spontaneous or artificially induced mutations. Plant breeding can 

involve genetic variability amplification procedures, desirable genotype selection, 

selected genotype assessment, and finally, new cultivar multiplication and release 

(Montalvan, 1999).  

According to Fehr (1987), artificial or induced mutation can be a practical 

and efficient genetic breeding technique to be used with cultivated plants. Artificial 

mutation induction is carried out using physical and chemical mutagens which can 

increase the mutation frequency when compared to its spontaneous occurrence. It is 

used mainly to obtain mutants for qualitative genes and, on a smaller scale, for 

quantitative genes. However, the breeding process for quantitative genes has been 

successful in detriment of the genetic variability found in the populations used. The 

high efficiency of mutant production is essential for its extensive use in plant 

breeding. Thus the use of any mutagenic agent depends not only on its mutagenic 

effectiveness but also on its efficiency. Mutagenic efficiency is the production of 

desirable changes free of association with unwanted genetic alterations 

(Montalvan, 1999). 

Nowadays there are several ways of using mutation induction in plant 

breeding. In recent times, developments in in vitro mutation induction and the 

advances in cell and molecular biology techniques in plant breeding have appeared 

very quickly (Tulmann Neto et al., 1998). Mutagenesis proved favorable for 

mutation induction in tissue cultures. Positive results were obtained when induced 

mutagenesis and tissue cultivation were combined (Novak et al., 1988; Cheng et 

al., 1990).  
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3.2.2 Radiation Induced Mutation 

Gamma rays are considered to be suitable for obtaining mutants with less 

radiation damage (Yamaguchi et al., 2010). Recently, mutation induction by ion 

beam irradiation has been carried out in various plants, particularly ornamental 

plants such as carnation (Okamura et al., 2003), petunia (Miyazaki et al., 2002) and 

(Yamaguchi et al., 2003).  

3.2.3 Radiosensitivity 

The study of radiosensitivity is a prerequisite for large-scale mutation 

breeding work. Radiobiological responses of a large number of plant species 

clearly indicated that radiosensitivity varies according to the propagules. Different 

cultivars were differentially sensitive to gamma radiation, and it is very clear that 

radiosensitivity is a genotype-dependent mechanism (Hossain et al., 2002; Datta, 

1992).  

The plants of Crossandra infundibuliformis var. Danica treated with gamma 

rays which withstood the mutagenic effect and the environmental adversities for 

three months under net house conditions, survived to flower (Hewawasam et al., 

2004).  The LD50 (50% decrease of regeneration) after gamma irradiation was 

genotype-dependent and was between 20 and 50 grays. The curves of regeneration 

showed a threshold dose underneath which none or a very slight decrease was 

registered. The decrease might result from cumulative events (Pinet-Leblay, 1992).  

3.2.4 Abnormalities 

Although radiation treatment induces mutations, it causes radiation damage. 

Konzak et al. (1965) suggested that not only mutation induction effect but also the 

plant damage caused by irradiation treatment, such as chromosomal aberrations, 
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should be considered for the use of any mutagen in plant breeding. Reduction in 

chromosome number was reported in chrysanthemum irradiated with gamma or X-

rays (Ichikawa et al., 1970). In -vitro shoots of Crossandra infundibuliformis var. 

Danica exposed with different doses of gamma rays produced many leaf 

abnormalities such as changes in leaf size, shape, margin and apex (Hewawasam et 

al., 2004).  

3.2.5 Variability in Different Morphological Characters 

Genetic variability in different morphological and agronomical characters 

could be induced in the essential oil-bearing plant Cymbopogon flexuous (Banerji 

et al., 1987). Rosa damascena, which contains essential oil considered to be the 

best, was found to be very sensitive to gamma radiation and variability could be 

induced in different morphological characters (Gupta et.al., 1988).  A portion of 

the isolated immature embryos treated with gamma radiation (137 Cs) at a dose of 

5Gy before plating induced somaclonal variation among the obtained regenerants. 

The genetic changes occurring spontaneously during the regeneration procedure 

included seventeen morphological and biochemical characters. Both tall and dwarf, 

high-branching, high fruit and oil yielding and high biomass yielding variants were 

induced by gamma irradiation in J .curcas (Datta and Pandey, 1992; Pandey, 

1995). 

3.2.6 Variation in Leaves and Flowers 

Gamma ray-induced flower colour mutations in chrysanthemum have 

already been reported (Datta, 1988). Changes in flower shape mutations have also 

been reported in chrysanthemum (Datta and Gupta, 1984; Datta, 1990). Both 

flower colour and flower shape (tubular floret) mutations were detected as 
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chimeras in the same plant. This suggests that the changes were perhaps induced at 

independent loci controlling different characters. However, pleiotropic or epistatic 

effects of mutated genes controlling different characters cannot be ruled out. 

Somatic flower colour changes may be due to either quantitative and qualitative 

changes in pigments as a result of gamma ray-induced mutations in pigment 

biosynthesis pathways (Datta, 1990). Changes in the dynamics of petal 

development may be attributed to a change in coordination between cell division 

and elongation during floral development (Vander Krol et al., 1993). 

At flowering, among the treated population of Crossandra 

infundibuliformis var. Danica, a single individual from the 3 Krad gamma radiation 

treatments produced a solid mutant, named “Savindi”, with altered leaf shape and 

flower colour. The plants maintained the new phenotypic characters even after five 

cycles of vegetative propagation indicating the potential to develop as a novel 

ornamental product (Hewawasam et al., 2004). Reduction in chromosome number 

is generally undesirable in the development of commercial varieties of 

chrysanthemums because it is correlated with reduction in the diameter of 

inflorescence (Ichikawa et al., 1970).  

3.3 MATERIALS AND METHODS 

Cultures of R. gruss an teplitz, R. centifolia, and R. borboniana were 

obtained through micro propagation. Uniform size rose shoot tips (1cm) cut from 

micro propagated shoots were directly exposed to thirteen different doses (0, 10, 

20, 30, 40, 50, 60, 70, 80, 90,100, 110 and 120 Gy) of gamma rays in a Co60 

gamma radiation chamber for mutation purpose (Hewawasam et al., 2004). Just 

after irradiation, shoot tip explants were inoculated in shoot proliferation medium 



43 
 

(MS macro, micro elements and vitamins) fortified with IBA (0.01 mgl-1), GA3 

(0.4 mgl-1) and BAP (1.0 mgl-1). The medium was fortified with sucrose (30 g l-1), 

gelled with agar (7 gl-1). The pH of the medium was kept at 5.8. Irradiated shoot 

tips were kept at 24°C in growth room under light for a photoperiod of 16 hours. 

Irradiated explants were inoculated in shoot proliferation medium and then shifted 

toin vitrorooting medium (1/2 MS macro and micro elements) fortified with MS 

vitamins, 20 gl-1 sucrose and 0.50 mgl-1 IBA (Baig et al., 2011). Rooted micro 

shoots after six weeks were transferred to pots and acclimatized under controlled 

glass house conditions. Six weeks after culturing, observations on culture survival 

percentage, number of shoots per explant, leaf area, fresh weight (mg), dry weight 

(mg), shoot length (cm) and percentage of plants showing leaf abnormalities were 

recorded. At in vitro rooting stage data was recorded on number of roots per shoot, 

root length (cm) and fresh and dry weight (mg). Data on plant survival percentage, 

plant height, leaf abnormalities percentage, number of shoots per plant, leaf area, 

leaf color, flower size and flower color was recorded after acclimatization. 

3.4 Data Analysis 

The experimental design was CRD having four replications and 60 explants 

in each treatment. The data were subjected to two-way analysis of variance 

(ANOVA) and the differences among means were compared using Duncan’s 

Multiple Range Test at 5% probability level (Steel et al., 1997). 

3.5 RESULTS AND DISCUSSIONS 

3.5.1 Survival Percentage 

 Statistical analysis showed that interaction between treatment and 

species at shoot proliferation stage was non significant at lower doses in all the 
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three species. However, at higher doses there was a significant decrease in the 

survival percentage. It was also observed that at higher doses most of the survived 

plants were stunted and without any growth in these plants at shoot proliferation 

stage (Table 12). After shifting to in vitro rooting media there was a complete 

mortality at higher doses of gamma rays and all the stunted plants observed at 

shoot proliferation stage were found dead at this stage (Fig 5). Minimum survival 

percentage i.e 23.52, 39.83 and 64.12% was recorded in R. gruss an teplitz, R. 

borboniana  and  R. centifolia at 60, 50 and 30Gy respectively. Above these doses 

of gamma rays there was a complete mortality (Table 13). At acclimatization stage, 

doses of 60, 30 and 50 gy resulted minimum survival percentage i.e 14.63, 34.00 

and 39.83% in R. gruss an teplitz, R. centifolia and R. borboniana respectively 

(Table 14).  

 Results pertaining to the effect of gamma irradiation on survival 

percentage were significantly different among treatments at all these three stages  
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Table 12.  Effect of gamma irradiations on survival percentage of rose 

species at shoot proliferation stage 

  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 100.00 a 100.00 a 100.00 a 100.00 A 

T1 (10) 100.00 a 100.00 a 100.00 a 100.00 A 

T2 (20) 100.00 a 100.00 a 100.00 a 100.00 A 

T3 (30) 100.00 a 100.00 a 100.00 a 100.00 A 

T4 (40) 100.00 a 100.00 a 98.75  ab 99.58  AB 

T5 (50) 100.00 a 100.00 a 97.50  abc 99.17  AB 

T6 (60) 100.00 a 100.00 a 92.50  def 97.50  B 

T7 (70) 93.75  cde 95.00 bcd 91.25  defg 93.33  C 

T8 (80) 90.00  efg 95.00 bcd 87.50  gh 90.83  D 

T9 (90) 90.00  efg 90.00 efg 85.00  hi 88.33  E 

T10 (100) 85.00  hi 90.00 efg 82.50  ij 85.83  F 

T11 (110) 68.75  k 88.25 fgh 78.75  j 78.58  G 

T12 (120) 60.00  l 85.00 hi 62.50  l 69.17  H 

Mean 91.346    B 95.635    A 90.481 C  

LSD 0.05                           T = 2.4389              S = 0.8230                 T×S =  4.9705  

	 	 	 	 .  
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Table 13.  Effect of gamma irradiation on survival percentage of rose 

species at in vitro rooting stage 

 

 

 

 

 

 

 

 

 

 

 

γ-radiation 

(Gy) 

Rose species 
Mean

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0)  100.00 a  100.0  a  100.00  a 100.0 A 

T1 (10)  100.00 a  98.75  a 100.00  a 99.58 A       

T2 (20)  95.00   ab  90.00  bc  100.00  a 95.00 B 

T3 (30)  90.00   bc  64.12  ef 78.750  d 77.62 C       

T4 (40)  88.35   c 0.000    i 67.500  e 51.95 D        

T5 (50)  60.00   f 0.000    i 39.83   g 33.28 E        

T6 (60)  23.52   h 0.000    i  0.000    i 7.84   F        

T7 (70) 0.000    i 0.000    i 0.000    i 0.00  G 

T8 (80) 0.000    i 0.000    i 0.000    i 0.00  G 

T9 (90) 0.000    i 0.000    i 0.000    i 0.00  G 

T10 (100) 0.000    i 0.000    i 0.000    i 0.00  G 

T11 (110) 0.000    i 0.000    i 0.000    i 0.00  G 

T12 (120) 0.000    i 0.000    i 0.000    i 0.00  G 

Mean  42.836  A 27.144    C 37.391   B  

LSD 0.05                             T = 2.496S = 0.8426             T×S =  5.0888  

	 	 	 	 .  
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Table 14.  Effect of gamma irradiations on survival percentage during  

acclimatization  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 81.29 ab 89.47 a 85.68 a 85.48 A 

T1 (10) 66.21 cd 87.50 a 76.38 abc 76.69 B 

T2 (20) 51.00 e 69.12 bcd 66.93 cd 62.35 C 

T3 (30) 47.11 ef 34.00 fgh 58.39 de 46.50 D 

T4 (40) 35.98 fgh - 45.87 efg 40.92 E 

T5 (50) 33.91gh - 26.25 hi 30.08 F 

T6 (60) 14.63 i - - 14.63 G 

Mean 47.16 C 70.02 A 59.91 B  

LSD 0.05                 T =7.970                    S =3.985         T×S = 13.175   

	 	 	 	 	 .  
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and there was a continual decrease in survival percentage with the increase in the 

level of gamma rays. Similarly rose species showed different response to gamma 

irradiation at all stages. 

 Responses  regarding survival and growth rate clearly shows that 

genotypes have different tolerance against gamma radiation (Busey, 1980) and the 

radiosensitivity to gamma rays is genotype dependent (Pinet-Leblay et al., 1992). 

Radio-sensitivity varies with the species and the cultivar, with the physiological 

condition of plants and organs (Jain et al., 2010). Among genotypes tolerance 

differences against gamma rays is closely linked with number of chromosomes 

(Busey, 1980) and nuclei damages after radiations mainly cause lethality which 

shows the genotypic response (Tubiana et al., 1986). Lea (1947) and Sax (1942) 

have also shown that plants survival based on the nature and extent of damage on 

chromosomes. Increase in chromosomal damage due to increase in concentration 

may be responsible for decrease in plants survival and growth. Like our results 

Sugiyama et al. (2008) also reported complete mortality of cyclamen plants above 

the dose of 60Gy indicating the plantlets susceptibility to higher doses irradiation. 

3.5.2 Number of Shoots 

Statistical analysis revealed significant effect of gamma rays on number of 

shoots when irradiated plants were shifted to shoot proliferation media (Table 15). 

Numbers of shoots were reduced with an increase in gamma irradiation level but 

above the dose of 60 Gy there was more adverse effect. Shoot number of three rose 

species varied greatly in response to different levels of gamma rays. Minimum  
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Table 15.  Effect of gamma irradiation on number of shoots in rose species  

  

γ-radiation  

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 2.80 a 2.90 a 2.85 a 2.85 A 

T1 (10) 2.70 a 2.00 c 2.32 b 2.34 B 

T2 (20) 2.45 b 1.70 d 2.06 c 2.07 C 

T3 (30) 2.40 b 1.60 d 2.00 c 2.00 C 

T4 (40) 2.35 b 1.15 ef 1.73 d 1.74 D 

T5 (50) 2.10 c 1.10 f 1.60 d 1.60 E 

T6 (60) 2.10 c 1.05 f 1.57 d 1.57 E 

T7(70) 1.35 e 1.05 f 1.05 f 1.15 F 

T8(80) 1.10 f 1.00 f 1.05 f 1.05 FG 

T9(90) 1.05 f 1.00 f 1.00 f 1.01 G 

T10(100) 1.05 f 1.00 f 1.00 f 1.01 G 

T11(110) 1.00 f 1.00 f 1.00 f 1.00 G 

T12(120) 1.00 f 1.00 f 1.00 f 1.00 G 

Mean  1.80 A 1.35 C 1.55 B  

LSD 0.05                           T =  0.100                   S =  0.034        T×S =  0.205  

	 	 	 	 .  
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number of shoots (1.00) were counted in R. centifolia , R. borboniana and R. gruss 

an teplitz at the highest level of gamma rays. Interaction of species and treatments   

also depicted significant results regarding number of shoots. Maximum numbers of 

shoots were found in untreated plants that were reduced with increase in irradiation 

level. Moreover, at the highest doses similar response was given by three 

genotypes. After shoot proliferation when these plants were shifted to in vitro 

rooting and acclimatization stage it was observed that there was a single shoot in 

all treated and untreated plants. 

According to Pinet-Leblay (1992) number of shoots decrease with 

increasing level of gamma rays. Moreover, different varieties also show different 

response to gamma rays level. Hewawasam et al. (2004) also observed similar 

results in Crossandra infundibuliformis indicating that increase in gamma rays 

reduce number of lateral shoots. This might be due to the decreased concentration 

of endogenous growth regulators, particularly the cytokinins, as a result of break 

down, or shortage of synthesis, due to irradiation (Omar, 1988). Irradiations also 

cause reduction in tissue culture growth resulting failure of RNA (Bajaj, 1970) 

which may be responsible for the low concentration of protein in plants irradiated 

at high doses (Corthals et al., 2000). 

3.5.3 Percentage of Plants Showing Leaf Abnormalities 

Treated plants resulted some morphological leaves abnormalities. However, 

these abnormalities were observed only in the early stages of growth. Different 

types of abnormalities in leaves such as color, size and shape of leaves were 

recorded at the shoot proliferation stage. Different levels of gamma irradiation gave 

significant results regarding percentage of plants showing leaf abnormalities at  
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Table 16.  Effect of gamma irradiation on percentage of plants showing 

leaf abnormalities 

  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0) 0.00  t 0.00  t 0.00  t 0.00  J 

T1 (10) 0.00  t 0.00  t 0.00  t 0.00  J 

T2 (20) 0.00  t 0.00  t 0.00  t 0.00  J 

T3 (30) 0.00  t 5.06  s 5.37  s 3.48  I 

T4 (40) 10.25 qr 19.87 klm 7.87  rs 12.66 H 

T5 (50) 18.75 lmn 29.25 fg 12.87 pq 20.29 G 

T6 (60) 21.25 jkl 31.75 ef  16.87 no 23.29 F 

T7 (70) 22.12 jk 36.50 d 14.18 op 24.27 F 

T8 (80) 23.26 ij 40.43 c 17.81 mn 27.17 E 

T9 (90) 26.75 gh 46.12 b  25.37 hi 32.75 D 

T10 (100) 31.12 ef 47.87 ab 32.18 e 37.06 C 

T11 (110) 39.56 c 49.12 a 36.31 d 41.66 B 

 T12 (120) 47.37 ab 49.37 a  48.75 ab 48.50 A 

Mean 18.49 B  27.33 A   16.74 C  

LSD0.05                           T =1.437               S =0.485              T×S =  2.9292 

	 	 	 	 .  
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probability level of 0.05 as shown in Table 16. At the lower doses normal leaves 

were found but at the highest doses significant increase in abnormal leaves was  

observed (Fig. 6). Among the species, maximum number of plants showing 

abnormal leaves were counted in the R. centifolia (27.33%) followed by R.gruss an 

an teplitz (18.49%) and R. borboniana (16.74%). Upto the level of 30 Gy no 

abnormal leaves was recorded but abnormalities increased with the increase in 

gamma rays in R. gruss an tepliz and maximum plants (47.37%) showing abnormal 

leaves were observed at 120 gy. Similarly, maximum abnormality percentage was 

recorded in R. centifolia (49.37 % ) and R. borboniana (48.75% ) at 120 Gy.  

Hewawasam et al. (2004) also reported many abnormalities in leaves such 

as change in leaf shape, size, apex and margin in the gamma rays irradiated shoots 

of Crossandra infundibuliformis var. Danica growing in multiplication medium. 

The development of such abnormalities in leaves of the irradiated populations may 

be due to disturbances in physiology and chromosomal aberrations (Datta, 1997). It 

is considered that chromosomal breakage, decrease in the auxin level, variation in 

the concentration of ascorbic acid and change in enzyme activity are factors which 

lead to abnormalities in leaves (Datta, 1997). The spongy parenchyma  of several 

leaves irradiated by gamma rays are also slack, and the cell divisions seemed to be 

inhibited (Pinet-Leblay, 1992) which may also be the cause of abnormal leaves. 

According to Arunyanart and Soontronyatara (2002) abnormal characteristics were 

exhibited in lotus plants treated with 3-5 krad of γ-rays. 

3.5.4 Culture Rooting Percentage 

 Statistical analysis exhibited significant interaction of gamma irradiation 

and rose species regarding culture rooting percentage as shown in Table 17. 
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Minimum  culture rooting  percentage i.e. 21.88, 61.5 and 37.33 was recorded in R. 

gruss an teplitz, R. centifolia  and  R. borboniana at 60, 30 and 50Gy of gamma ray 

respectively. Treatment means also depicted significant decrease in rooting with 

increase in gamma rays level. Minimum culture rooting percentage was recorded at 

the highest dose of 60Gy. Response of cultures was species dependent and 

minimum rooting was recorded in R. centifolia. 

According to Arunyanart and  Soontronyatara (2002) increase in doses of 

mutagens caused root development to be postponed resulting poor rooting 

percentage. Qin-zhiwei et al. (1995) have also observed an inhibitory effect on root 

development in regenerated Brassica oleraceae L. plants after gamma irradiation 

treatment. Destruction and inactivation of auxin balance by irradiation could be the 

main reason for this inhibitory effect of high doses on root development in gamma 

irradiated plants (Hewawasam et al., 2004).  

3.5.5 Number of Roots 

Different levels of gamma irradiation gave significantly affected number of 

roots at probability level of 0.05 (Table 18). Reduction in number of roots was 

recorded with the increase in the gamma rays level.  Among the species, R. 

centifolia produced least number of roots followed by R. borboniana and R. gruss 

an teplitz. Irradiation at 60, 30 and 50Gy produced least number of roots in R. 

gruss an teplitz (5.40), R. centifolia (6.02) and R. borboniana (4.72) respectively. 

Alike our results increasing dosage of mutagens caused root development to be 

postponed giving poor rooting percentage and less roots per plant in lotus 

(Arunyanart and  Soontronyatara, 2002). Qin-zhiwei et al., (1995) have also  
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Table 17.  Effect of gamma irradiation on culture rooting percentage 

during in vitro rooting in rose species 

 

Table 18.  Effect of gamma irradiation on number of roots during in vitro 

rooting in rose species 

γ-radiation 

(Gy) 

Rose species 

Mean R. gruss an 

teplitz 
R. centifolia R. borboniana 

T0 (0) 100.00 a 100.00a 100.00 a 100.0 A  

T1 (10) 100.00 a 98.75 a 100.00 a 99.58 A 

T2 (20) 93.75 b 89.25bc 100.00 a 94.33 B 

T3 (30) 88.75 c 61.5 f 78.75 d 76.33 C 

T4 (40) 87.60 c 0.00 i 67.50 e 51.70 D 

T5 (50) 58.25 f 0.00 i 37.33 g 31.86 E 

T6 (60) 21.88 h 0.00 i 0.00  i 7.29 F 

Mean  78.60 A 49.92 C 69.084   B  

LSD 0.05                           T = 2.794S = 1.829      T×S =  4.8406 

	 	 	 	 .  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 9.35  bcd 8.45 efg 8.92 def 8.90 B      

T1 (10) 9.45  bcd 8.85  d-g  9.25 cd 9.18 A    

T2 (20) 10.05 b 8.15 g  9.19 cd 9.13 AB   

T3 (30) 11.95 a 6.02 h 9.01 cde 8.99 AB   

T4 (40) 9.70  bc - 8.77 d-g 9.23 A      

T5 (50) 8.30  fg -  4.72  i 6.51 C     

T6 (60) 5.40  hi - -  5.40 D      

Mean  9.17 A       7.86 C    8.31 B       

LSD 0.05                           T = 0.391                    S = 0.195              T×S =  0.710 

	 	 	 	 .  
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observed an inhibitory effect on root development in regenerated Brassica 

oleraceae L. plants after gamma irradiation treatment. Destruction and inactivation  

of auxin balance by irradiation could be the main reason for this inhibitory effect of 

high doses on root development in gamma irradiated plants (Hewawasam et al., 

2004). Kaushal (2004) recorded also minimum number of roots in strawberry 

cultures irradiated with 50Gy. Arunyanart and Soontronyatara (2002) reported that 

dose of 3-5 krad of γ-rays inhibited secondary roots in lotus. 

3.5.6 Root Length (cm) 

Data representing the effects of gamma irradiation indicated significant 

results on length of roots at the probability level of 0.05 (Table 19). A declining 

trend was recorded with the increase in level of irradiation and maximum reduction 

in length was observed at 60Gy. Minimum root length was obtained by R. 

centifolia as compred to other two species.  Root length of R. gruus an teplitz and 

R. borboniana was significantly reduced upto 1.39 and 1.41 cm at 60 and 50 Gy 

respectively. 

Analysis of variance on root length exhibited significant difference between 

the gamma irradiation applied. The differences have depicted gamma radiation 

effect on plant growth. The higher the level the higher reduction in growth obtained 

(Hussain et al., 2002). Mutants of lotus by the application of y rays had long 

secondary roots (Arunyanart and Soontronyatara, 2002). Our results are in 

conformity with Kaushal et al. (2004) who also observed minimum root length as 

compared to control in strawberry cultures at highest dose of 50 Gy. 
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3.5.7 Plant Height and Shoot Length (cm) 

Shoot length of plants was found significantly different among the treatments with 

varying levels of gamma irradiation (Table 20). Length of shoots was gradually 

decreased with an increase in the level of gamma rays and minimum length was 

recorded at highest doses while maximum (2.64cm) at control. Comparison of rose 

species shows that R. centifolia (1.40cm) produced minimum length followed by R. 

borboniana (1.60cm) and R. gruss an teplitz (1.83cm). The interaction of gamma 

irradiation levels with rose species was significant. Shoot length depicted a 

declining trend with the increase in the level of gamma rays. At the highest dose of 

120Gy R. gruss an teplitz, R. centifolia and R. borboniana produced shoots of 1.04, 

1.01 and 1.02cm length respectively. 

Statistical analysis of the results after acclimatization showed significant 

differences among the treatment means of gamma rays at p < 0.05 (Table 21). A 

descending order was examined with raised level of gamma rays and minimum 

plant height was recorded at the highest dose of 60 Gy. Among the species least 

plant height was recorded in R. gruss an teplitz followed by R. borboniana and R. 

centifolia. Interaction of species and irradiation produced minimum plant height in 

R. gruss an teplitz (3.92cm), R. borboniana (9.89cm) and R. centifolia (12.55cm) 

and at 60, 50 and 30Gy respectively as shown in Fig 7.  

Eighteen months after acclimatization reduced stature plants were selected 

from these treated species.  Reduced stature plants of R. gruss an teplitz attained an 

average height of 24cm at the dose of 60Gy as compared to height of control plants 

(42cm). Similarly R. centifolia and R. borboniana produced   plants having height  
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Table 19. Effect of gamma irradiation on root length (cm) of rose species 

at  in vitro rooting stage 

 

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 1.66 fg 1.92 def  1.78 ef 1.79 C      

T1 (10) 1.78 ef 2.09 bcde 1.93  cdef 1.93 B      

T2 (20) 1.82 ef  2.51 a  2.27 ab 2.20 A      

T3 (30) 2.15  bcd 2.40 ab 2.25 abc 2.26 A      

T4 (40) 1.83 def - 1.92 def 1.87 BC      

T5 (50)  1.78 ef -  1.41 g 1.59 D   

T6 (60) 1.39 g - -  1.39 E       

Mean  1.77 C       2.23 A   1.93 B     

LSD 0.05                           T = 0.196                 S = 0.098        T×S = 0.327 

	 	 	 	 .  
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Table 20.  Effect of gamma irradiations on shoot length (cm) of rose 

species during shoot proliferation stage 

 

 

 

 

 

 

 

 

 

 

 

γ-radiation 

(Gy) 

Rose species 
Mean 

R.  gruss an teplitz R. centifolia R. borboniana 

T0 (0) 2.92 a 2.36 cd 2.64 b 2.64  A 

T1 (10) 2.62 b 1.87 e 2.20 d 2.23  B 

T2 (20) 2.59 bc 1.86 e 2.20 d 2.22  B 

T3 (30) 2.22 d 1.46 f-i 1.83 e 1.84  C 

T4 (40) 2.15 d 1.26 h-m 1.70 ef 1.71  D 

T5 (50) 2.15 d 1.24 h-n 1.68 efg 1.69  D 

T6 (60) 1.76 e 1.23 h-n 1.48 fgh 1.49  E 

T7 (70) 1.44 g-j 1.22 i-n 1.33 h-k 1.33  F 

T8 (80) 1.33 h-k 1.21 i-n 1.26 h-n 1.27  F 

T9 (90) 1.28 h-l 1.17 k-n 1.23 h-n 1.23  FG 

T10 (100) 1.27 h-m 1.15 k-n 1.19 j-n 1.20  FG 

T11 (110) 1.09 k-n 1.15 k-n 1.12 k-n 1.12  GH 

T12 (120) 1.04 lmn 1.01 n 1.02 mn 1.02  H 

Mean  1.83  A 1.40 C 1.60 B  

LSD 0.05                           T = 0.1259           S = 0.0425                 T×S =  0.2567  

	 	 	 	 .  
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Table 21.  Effect of gamma irradiation on plant height (cm) of rose species 

during acclimatization 

 

  

γ-radiation   

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 9.00 ef 15.05 a 12.05 bc 12.03 A     

T1 (10) 8.65 efg 14.85 a 11.99 bcd 11.83 A      

T2 (20) 8.02 fgh 13.37 ab 10.27 cde 10.55 B      

T3 (30) 7.62 fgh 12.55 b 10.12 de 10.10 B      

T4 (40) 6.77 ghi - 8.60   efg 7.68  C      

T5 (50) 5.72  ij - 6.30   hi 6.01  D      

T6 (60) 3.92  j - - 3.92  E       

Mean  7.10 C      13.95 A       9.89 B      

LSD 0.05                              T =1.103                S = 0.551                 T×S = 1.893 

	 	 	 	 .  
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of 39cm and  32cm at the dose of 30 and 50Gy as compared to control plants with 

60 and 62cm height respectively (Fig 8). 

Growth rate is decreased with an increase in radiation dose as previously 

reported for chrysanthemum by Lee et al. (2010). A sharp reduction in growth may 

be caused by slowed cell division, abnormal nutrimental transportation, lower 

hormone synthesis, and metabolic disorders due to damage of apical meristem 

under gamma irradiation (Celso and Maria, 1992). Damage of chromosomes 

associated with non chromosomal damage due to the effect of radiation also plays 

significant role in the reduction of growth (Hewawasam et al., 2004). Moreover, 

Yamaguchi et al. (2008) reported that nuclear DNA content of chrysanthemum 

decreased with increasing dose and dose rate of gamma rays, indicating that the 

nuclear DNA content could be used as an index of radiation damage. Deus and 

Suarez (1998) also observed plant height reduction in rice with a raising of gamma 

irradiation level. Specially, height of chrysanthemum plant was geometrically 

reduced three to four times at 40 and 50 Gy as compared to non-irradiated control 

(Lee et al., 2010). 

3.5.8 Number of Nodes 

After acclimatization γ-irradiated plants produced least number of nodes 

(4.90) at maximum dose. Maximum number of nodes (7.87) was recorded in non 

treated plants while declining trend was recorded with an increase in gamma 

irradiation level.  Minimum nodes (5.87) were recorded in R. gruss an teplitz 

followed by R. borboniana (6.24) and R. centifolia (7.20) as given in Table 22. 

Significant results were recorded by interaction of two factors which gave least 
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number of nodes i.e 4.26, 4.90, 5.85 and at 50, 60 and 30 Gy in R. borboniana, R. 

gruss an teplit and R. centifolia respectively.  

Cassells et al. (1993) also noticed exponentially decrease in number of 

nodes with increase in dose in the cultures established from irradiated nodes. This 

might be due to the decreased quantity of endogenous growth regulators, 

particularly the cytokinin, as a result of break down, or shortage of synthesis, due 

to irradiation (Omar, 1988). Reduction in number of nodes may also be due to the 

reason that gamma irradiation significantly affects the metabolism of cell and 

synthesis of protein in meristem cells (Casarett, 1968). Gamma rays also inhibit 

tissue culture growth along with RNA synthesis failure, and consequently protein 

synthesis (Bajaj, 1970). This caused lower protein amount in irradiated plants at 

high dose of 70Gy (Corthals et al., 2000). Lee et al. (2010) also observed less 

number of internodes with increase in gamma rays level upto 50 Gy. 

3.5.9 Internodal Length (cm) 

A declining trend was observed for internodal distance at acclimatization 

stage (Table 23). Highest dose of gamma rays i.e 60 Gy reduced internodal 

distance upto 0.46 cm as compared to control which had internodal distance of 1.39 

cm. Statistical analysis of species regarding internodal distance was found 

significant among the species. R. gruus an teplitz yielded least internodal distance 

(0.46 cm) at 60 Gy while R. centifolia (1.42 cm) and R. borboniana (1.08 cm) at 30 

and 50 Gy repectively. 

Earlier studies have reveled that comparatively low-level of ionizing 

irradiation on plants are obvious as accelerated germination rate, cell proliferation, 

enzyme activity and cell growth (Chakravarty and Sen, 2001). According to Bajaj  
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Table 22.  Effect of gamma irradiation on number of nodes of rose species 

during acclimatization 

 

Table 23.  Effect of gamma irradiation on internodal length of rose species 

during acclimatization 

  

γ-radiation (Gy) 
Rose species 

Mean 
R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 6.60 c-f 8.40 ab 8.62 a 7.87 A 

T1 (10) 6.33 c-g 7.30 abc 6.90 b-e 6.84 B 

T2 (20) 6.21 c-g 7.25 a-d 6.85 b-e 6.77 B 

T3 (30) 5.87 c-g 5.85 c-g 5.72 d-h 5.81 C 

T4 (40) 5.75 c-h - 5.12 fgh 5.43 CD 

T5 (50) 5.45 e-h - 4.26 h 4.85 D 

T6 (60) 4.90 gh - - 4.90 D 

Mean  5.87 C       7.20 A       6.24 B       

LSD 0.05                           T =0.905                    S =0.452                T×S = 1.5690   

	 	 	 	 .  

γ-radiation  

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 1.20 cde 1.58 a 1.39 abc 1.39 A      

T1 (10) 1.02 def 1.54 a 1.35 abc 1.30 B     

T2 (20) 0.96 efg 1.46 ab 1.26 bcd 1.23 BC   

T3 (30) 0.86 fg 1.42 abc 1.18 cde 1.15 C     

T4 (40) 0.78 fg - 0.78  fg 0.78 D 

T5 (50) 0.76 g - 0.50  h 0.63 E      

T6 (60) 0.46 h - - 0.46 F      

Mean 0.86 C 1.50 A 1.08 B  

LSD 0.05                           T = 0.146           S =0.073                T×S = 1.395  

	 	 	 	 	 	 .  
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(1970), gamma rays also caused failure of protein synthesis, due to which 

inhibition of tissue culture growth occurs.  Like our results Theiler-Hedtrich (1990) 

also seen considerable variation incherry rootstock regrding internodal distance 

after gamma irradiation at the Co60 dose of 30Gy. Internodal distance remarkably 

decreased with an increase of gamma irradiation level up-to 50Gy (Lee et al. 

2010). According to Encheva et al. (2002) gamma irradiation caused significant 

reduction in some characters such as internodule length. 

3.5.10 Fresh and dry weight (mg) 

Statistical analysis presented a significant difference for fresh and dry 

weight among various treatments of gamma rays at 0.05 level of probability (Table 

24). At shoot proliferation stage, a declining trend with the increase in the level of 

gamma rays was observed in fresh weight of shoots. Maximum fresh weight was 

recorded in control (191.10mg). But at the highest dose it was reduced to minimum 

level (15.44 mg). R. gruss an teplitz gained minimum fresh weight (60.04 mg) as 

compared to R. centifolia (63.71 mg) and R. borboniana (61.86 mg). Interaction of 

species with gamma irradiation revealed that fresh weight was significantly 

reduced with the increase in the level of irradiation.  

At in vitro rooting stage analysis of data exhibited a considerable variation 

among the response of rose species towards different doses of gamma rays (Table 

26). Fresh weights of in vitro rooted plants were reduced to 117.50mg at 60Gy as 

compared to control (173.33 mg). Data revealed significant difference among the 

species too. Maximum fresh weight was recorded in R. gruss an teplitz, R. 

centifolia and R. borboniana in untreated plants while least fresh weight (117.50,  
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80.46 and 132.58 mg) was recorded at 60, 30 and 50 Gy in these species 

respectively.  

Dry weight of treated plants with gamma rays also showed the synergistic 

pattern to fresh weight with the decreasing trend at shoot proliferation stage (Table 

25). Analysis of data exhibited a significant variation among the effects of different 

treatments. Dry weight of shoots significantly decreased with the increase in level  

of gamma rays. Maximum dry weight was noted in untreated control plants. 

However dry weight of R. gruss an teplitz, R. centifolia and R. borboniana declined 

at the highest doses of gamma rays.  

Similarly at in vitro rooting stage dry weight was significantly affected by 

varying levels of gamma rays (Table 27) used for mutation purpose. Gamma 

irradiation at 60 Gy gave lowest value (15.00 mg) of dry weight. Interaction of 

species and gamma irradiation yielded minimum dry weight i.e. 15.00, 13.12 and 

13.62 mg at 60, 30 and 50 Gy which was considerably different from control 

values. Species mean shows that R. centifolia resulted minimum dry weight (17.93 

mg) followed by   R. borboniana (18.97mg) and    R. gruss an teplitz (19.91 mg).     

Decrease in fresh and dry weight with increasing doses may be due to slow 

cell division and abnormal transport of nutrients and disorders of metabolic activity 

by apical meristem damage under gamma irradiation (Okamoto and Tatara, 1995). 

Moreover, efficiency of photosynthesis and biomass were also decreased 

significantly at higher doses of rays (Anderson and Aro, 1994). Kulkarni et al. 

(2004) also reported reduction the cells growth with increase in the gamma level up 

to 30 and 40 Gy while beyond that, irradiation was completely lethal. Therefore, 
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Table 24.  Effect of gamma irradiations on fresh weight (mg) of rose 

species during shoot proliferation Stage  

 

  

γ-radiation   

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 123.75 de 258.63 a 190.94 b 191.10 A 

T1 (10) 110.75 ef 142.00 c 126.31 d 126.35 B 

T2 (20) 106.88 f 88.75 hi 97.56 fgh 97.73 C 

T3 (30) 104.00 fg 59.00 l 81.56 ij 81.52 D 

T4 (40) 92.38 ghi 53.50 lm 72.88 jk 72.92 E 

T5 (50) 87.13 hi 33.50 no 60.25 kl 60.29 F 

T6 (60) 51.88 lm 32.00 nop 42.19 mn 42.02 G 

T7(70) 21.63 o-t 31.13 n-q 26.50 o-s 26.42 H 

T8(80) 20.50 o-t 31.00 n-q 25.75 o-t 25.75 HI 

T9(90) 18.13 q-t 28.50 o-r 23.31 o-t 23.31 HI 

T10(100) 16.00 rst 27.88 o-s 21.81 o-t 21.90 HIJ 

T11(110) 14.63 st  24.50 o-t 19.75 p-t 19.63 IJ 

T12(120) 13.00 t 17.88 q-t 15.44 rst 15.44 J 

Mean  60.04b 63.71a 61.86 ab  

LSD 0.05                          T = 6.608           S = 2.230         T×S = 13.469 

	 	 	 	 	 	 .  
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Table 25.  Effect of gamma irradiation on dry weight (mg) at shoot 

proliferation Stage 

 

  

γ-radiation  

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 21.00 d 33.75 a 34.75 a 29.83 A 

T1 (10) 20.0 def 31.62 b 26.75 c 26.12 B 

T2 (20) 19.12 ef 20.25 de 19.87 def 19.75 C 

T3 (30) 18.87 efg 17.12 ghi 8.25 fgh 18.08 D 

T4 (40) 17.12 ghi 15.87 ij 16.50 hi 16.50 E 

T5 (50) 14.56 j 10.37 lm 12.46 k 12.46 F 

T6 (60) 10.37 lm 10.37 lm 10.87 kl 10.54 G 

T7(70) 7.12 n-s 8.87 mn   8.18 nop 8.06 H 

T8(80) 7.00 o-s 8.37 no 7.68 n-r 7.68 HI 

T9(90) 6.37 p-t 8.37 no 7.25 n-s 7.33 HIJ 

T10(100) 6.25 q-t 8.00 n-q 7.12 n-s 7.12 IJ 

T11(110) 5.87 rst 7.12 n-s 6.47 p-s 6.49 JK 

T12(120) 4.62 t 6.62 o-s 5.66 st 5.63 K 

Mean 12.17 C 14.365 A  13.988  B  

 LSD 0.05                           T =  0.900                      S =   0.304             T×S =  1.835 

	 	 	 	 	 	 .  
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Table 26.  Effect of gamma irradiations on fresh weight (mg) of rose 

species during   in vitro rooting stage 

 

Table 27. Effect of gamma irradiations on dry weight (mg) at in vitro 

rooting stage 

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0)  191.00 a 155.25 c  173.75 b 173.33 A      

T1 (10)  172.00 b  132.88 e  152.63 cd 152.50 B      

T2 (20)  166.38 b  124.00 f  146.34  d 145.57 C     

T3 (30)  53.50  cd  80.46   i  118.27  f 117.41 E      

T4 (40)  153.26 cd -  106.75  g 130.00 D      

T5 (50)  136.13  e -  97.75    h 116.93 E      

T6 (60)  117.50  f - -  117.50 E    

Mean  155.68 A       123.14 C      132.58 B        

LSD 0.05                               T=4.25                         S =2.12                T×S =  7.731 

	 	 	 	 	 	 .  

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0) 24.00 a 20.87 a-d 23.87 ab 22.91 A   

T1 (10) 23.12 ab  20.62 bcd 22.43 abc 22.06 A      

T2 (20) 22.62 abc 17.12 efg 20.81 a-d 20.18 B      

T3 (30) 19.50 cde  13.12 i 17.12 efg 16.58 CD     

T4 (40) 18.50 def - 16.00 f-i 17.25 C      

T5 (50) 16.62 e-h - 13.62 hi 15.12 D       

T6 (60) 15.00 ghi - - 15.00 D 

Mean 19.91A     17.93C      18.97B      

 LSD 0.05                           T =1.945                S = 0.972                    T×S =  3.301 

	 	 	 	 	 	 .  
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cell weight accumulation was highest in control, and decreased with increasing 

dose (Anderson and Aro, 1994). 

3.5.11 Leaf Area (cm2) 

Leaf area evaluation at shoot proliferation stage was recorded with 

significant differences among treatments (Table 28). Data recorded from treated 

species produced significant results. Highest doses of irradiation resulted in 

maximum reduction of leaf area. Remarkable reduction in leaf area of R.centifolia, 

R. gruss an teplitz, and R. borboniana was recorded at highest doses of gamma rays 

which was less than control. 

Statistical analysis documented significant results regarding effect of 

gamma irradiation on leaf area at acclimatization stage (Table 29). Leaf area was 

reduced to 2.78 cm2 at maximum level of 60 Gy. Reduction in leaf area was 

maximum in R. gruss an teplitz (4.41cm2) followed by R. borboniana (7.11 cm2) 

and R. centifolia (10.37 cm2) respectively. A significant declining trend was 

observed in leaf area with the increase in the level of gamma rays. Maximum 

reduction in leaf size i.e 2.78, 10.37and 5.02 cm2 was observed in R. gruss an 

teplitz, R. centifolia and R. borboniana at the maximum irradiation level. 

The differences observed have shown the effect of gamma radiation on the 

growth of the plant. The higher the dose the higher growth reduction obtained 

(Arunyanart and Soontronyatara, 2002). An increase in gamma-rays doses, caused 

small size leaves as the biochemical and physiological processes are significantly 

affected by gamma-irradiation stress (Hameed et al., 2008). Nuclear DNA content 

also decreased with increasing dose and dose rate of gamma rays (Yamaguchi et al. 

2008) which caused smaller leaves (Yamaguchi et al., 2010).  Lee et al. (2010) also 
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Table 28.  Effect of gamma irradiations on leaf area (cm2) of rose species at 

shoot proliferation stage 

 

  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 0.96 cd 0.58 j-o         0.91 de 0.82 C 

T1 (10) 0.85 def 1.36 a         0.89 de 1.03 A 

T2 (20) 0.82 d-g 1.22 ab 0.82 d-g 0.95 B 

T3 (30) 0.69 f-k 1.08 bc 0.80 efg 0.86 C 

T4 (40) 0.67 g-l 1.12 b 0.80 d-g 0.86 C 

T5 (50) 0.60 j-o 0.83 def 0.78 e-h 0.74 D 

T6 (60) 0.59 j-o 0.80 efg 0.79 e-h 0.73 D 

T7(70) 0.52 n-s 0.76 e-i 0.69 f-k 0.67 DE 

T8(80) 0.51 m-q 0.72 f-j 0.69 fk 0.64 EF 

T9(90) 0.46 n-q 0.70 f-k 0.61 i-n 0.59 FG 

T10(100) 0.40 pq 0.63 h-m 0.58 j-o 0.53 GH 

T11(110) 0.45 opq 0.55 k-p 0.52 l-p 0.51 HI 

T12(120) 0.36 q 0.50 m-q 0.45 n-q 0.44 I 

Mean 0.61 c 0.83 a 0.72 b  

LSD 0.05                           T = 0.077                     S = 0.026            T×S = 0.157 

	 	 	 	 	 	 .  
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Table 29.  Effect of gamma irradiation on leaf area (cm2) of rose species 

after acclimatization  

  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0) 5.70 hi 11.13 a 8.56 cd 8.46 A 

T1 (10) 5.22 ij 10.79 a 8.25 de 8.09 B 

T2 (20) 4.42 jk 10.21 ab 7.50 ef 7.37 C 

T3 (30) 4.27 jk 9.35   bc 7.02 fg 6.88 D 

T4 (40) 4.23 k - 6.35 gh 5.29 E 

T5 (50) 4.22 k - 5.02 ijk 4.62 F 

T6 (60) 2.78 l - - 2.78 G 

Mean 4.41 C 10.37 A 7.11 B  

LSD 0.05                           T = 0.583             S =0.291         T×S =  0.974  

	 	 	 	 .  
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showed considerable decrease in length and width of leaves with increase in 

gamma irradiation. Arunyanart and Soontronyatara (2002) observed that leaf 

diameter of lotus first increased at lower doses but at higher doses there was a 

reduction. 

3.5.12 Leaf Color 

Means for lightness (L*) in leaves depicted non significant differences in 

the treatments upto 40 Gy. However, lightness value was significantly different at 

higher dose of gamma rays as shown in Table 30. R. gruss an teplitz gave less 

lightness (8.32) than R. centifolia (8.65) and R. borboniana (8.71). Leaf lightness 

was maximum (9.11) in R. gruss an teplitz at the highest dose of 60 Gy. In case of 

R. centifolia and R. borboniana maximum lightness value 8.82 and 8.87 was 

observed at the dose of 30 and 50 Gy. 

Rose leaves showed a declining trend in a* values with an increase in the 

level of gamma irradiation and maximum green color at the highest dose (Table 

31). Rose species depicted a significant difference in the value of a*. R. gruss an 

teplitz attained minimum value (-2.53) of a* than R. centifolia (2.52) and R. 

borboniana (-2.10).  Value of a* was declined with the increase in the irradiation 

level in R. grussa an teplitz and maximum green color (-3.68) was observed at 60 

Gy. Simlilarly R. centifolia gave maximum green color (1.96) at 30 Gy while R. 

borboniana (-2.97) at 50 Gy. 

Leaves of rose plants showed significantly lower value of b* when treated 

with the highest dose of gamma radiation (Table 32). Species also exhibited 

significant different values of b*.  R. gruss an teplitz, R. centifolia and R. 

borboniana yielded -3.96, 2.56 and -1.32 b* at 60, 30 and 50 Gy respectively. 
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Treatment means indicate highly considerable effect on the chroma (c*) in 

the leaves of irradiated plants as shown in Table 33. Chroma value showed an 

ascending order with an increase in level of gamma irradiation. Maximium value 

was observed at 60 Gy while least in control. Values of c* were significantly 

different in R. gruss an teplitz, R. centifolia and R. borboniana. Effect of gamma 

irradiation  doses was non significant in R. centifolia while R. gruss an teplitz and 

R. borboniana yielded significantly highest value of 5.41 and 3.26 at 60 and 50 Gy 

respectively.  

Results pertaining to hue angle (h°) showed that leaves of irradiated rose 

plants had increased h° as compared to control as shown in Table 34. Significant 

difference was observed in the value of h° in three different rose species. R. gruss 

an teplitz depicted maximum value (202.08) followed by R. borboniana (198.55) 

and R. centifolia (42.75) repectively. R. gruss an teplitz and R. centifolia depicted 

maximum value at 60 and 30 Gy repectively while R. borboniana showed non 

significant results at the highest dose. 

Changes in the leaf due to irradiation are thought to occur because of the 

increased amount of chlorophyll due to gamma ray irradiation stress (Harahap, 

2005).  The efficiency of gamma irradiation for the improvement of color was earlier 

reported in green tea leaf (Jo et al., 2002) and Curcuma aromatica (Kim et al., 2007). 

Gamma irradiation technique can be successfully used for the improvement of color (Byun 

et al., 2002). Like our results Han (2004) also reported that blueberries became darker 

after irradiation and the a* and b* values decreased. Similarly, Byun et al. (2004) 

also reported that with an increase of irradiation doseL* value increased while the 

value of   the color “a*” and “b*” of L. japonica decreased.  
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Table 30.  Effect of gamma irradiation on leaf lightness (L*) of rose species 

after acclimatization 

 

Table  31.  Effect of gamma irradiation on a* values in leaves of rose 

species after acclimatization 

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0) 7.86 e 8.51 a-e 8.54 a-e 8.30  B 

T1 (10) 7.94 de 8.59 a-e 8.69 a-e 8.40  B 

T2 (20) 8.25 b-e 8.67 a-e 8.70 a-d 8.54  B 

T3 (30) 8.01 cde 8.82 abc 8.69 a-d 8.51  B 

T4 (40) 8.22 b-e - 8.76 a-d 8.49  B 

T5 (50) 8.89 ab - 8.87 ab 8.88  A 

T6 (60) 9.11 a - - 9.11  A 

Mean   8.32  B 8.65 A 8.71 A  

LSD 0.05                           T = 0.471                  S =0.235                 T×S = 0.834 

	 	 	 	 .  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) -1.54 d 3.36 a -1.52 d 0.09  A 

T1 (10) -2.28 de 2.80 a -1.54 d -0.34  B 

T2 (20) -1.64 d 1.97 b -2.02 d -0.56  BC 

T3 (30) -2.03 d 1.96 b -2.24 de -0.77  C 

T4 (40) -3.27 f - -2.28 de -2.77  D 

T5 (50) -3.27 f - -2.97 ef -3.12  E 

T6 (60) -3.68 f - - -3.68  F 

Mean -2.53  c 2.52 a -2.10 b  

LSD 0.05                           T = 0.465                      S = 0.232        T×S = 0.7824 

	 	 	 .  
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Table 32.  Effect of gamma irradiation on b* values in leaves of rose 

species after acclimatization   

 

Table 33.  Effect of gamma irradiations on chroma (c*) in leaves of rose 

species after acclimatization 

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) -0.52 de 1.79 b -0.94 f 0.10  C 

T1 (10) -0.35 d 2.00 b -0.31 d 0.44  B 

T2 (20) -0.40 de 2.54 a -0.27 d 0.62  A 

T3 (30) -0.65 e 2.56 a -0.28 d 0.54  A 

T4 (40) -1.36 gh - -1.29 g -1.32 D 

T5 (50) -1.60 h - -1.32 g -1.46 E 

T6 (60) -3.96 i - - -3.96  F 

Mean -1.26  C 2.22  A -0.73  B  

LSD 0.05                            T = 0.153                    S = 0.076                T×S = 

0.254 

	 	 	 	 .  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0) 1.63 fg 3.85 b 1.79 efg 2.42  D 

T1 (10) 2.30 de 3.45 b 1.57 g 2.44  D 

T2 (20) 1.69 efg 3.22 bc 2.03 d-g 2.31  D 

T3 (30) 2.13 d-g 3.22 bc 2.26 def 2.54  D 

T4 (40) 3.54 b - 2.62 cd 3.08  C 

T5 (50) 3.64 b - 3.26 bc 3.45  B   

T6 (60) 5.41 a - - 5.41  A      

Mean   2.91   B 3.44   A   2.26  C  

LSD 0.05                           T = 0.397                    S = 0.198               T×S = 0.671 

	 	 	 	 .  
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Table 34.  Effect of gamma irradiations on hue angle (h°) in leaves of rose  

species after acclimatization 

  

γ-radiation 

(Gy) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 198.60 de 30.69 h 211.84 b 147.04   C 

T1 (10) 188.71 f 35.46 h 191.34 ef 138.50   D 

T2 (20) 193.66 ef 52.31 g 187.61 f 144.53   C 

T3 (30) 197.74 de 52.55 g 187.09 f 145.79   C 

T4 (40) 202.59 cd - 209.41 bc 206.00  B   

T5 (50) 206.14 bcd - 204.02 bcd 205.08  B   

T6 (60) 227.13 a - - 227.13  A    

Mean  202.08  A   42.75   C 198.55  B  

LSD 0.05                              T = 5.18                     S =2.593                   T×S = 8.6094 

	 	 	 	 	 .  
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3.5.13 Flower Size (cm) 

Statistical analysis documented non significant results regarding interaction 

of species and treatments on flower size (Table 35). However, minimum flower 

size in R. gruss an teplitz (3.87cm) and R. centifolia (4.91cm) was observed at 60 

and 30 GY of gamma irradiation as shown in fig 9 & 10.  R. centifolia gave 

significantly better flower size than R. gruss an teplitz.Treatment means showed 

that flower size decreased with increase in gamma irradiation level and minimum 

flower size (3.87) was recorded at the dose of 60Gy irradiation.  

The mutagen application breaks the nuclear DNA and during DNA repair 

mechanism, new mutations are inducted randomly. The changes can happen also in 

cytoplasmic organelles, and also result in chromosomal or genomic mutations (Jain 

and Maluszynski, 2004). Wongpiyasatid et al. (2007) also reported decrease in 

flower diameter of African violet with increase in gamma irradiation. Similarly 

Lamseejan et al. (2000) also found variation in flower size of chrysanthemum. As a 

result of irradiation variation in flower size and flower shape were induced in each 

cultivar (Yamaguchi et al., 2003) 

3.5.14 Flower Color 

All the treatments means depicted a significant difference in the lightness of 

flowers (L*) of rose species as shown in table 36. Lightness was decreased with 

increase in level of gamma irradiation and minimum value (45.12) was observed at 

60 Gy.  Significantly lower value was seen in R. gruss an teplitz as compared to R. 

centifolia. The interaction between treatment and species was significant and 

increase in value was recorded with increase in gamma irradiation. 
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Data yielded significant difference in rose species as shown in table 37 and 

minimum value of a* was recorded in R. centifolia as compared to R. gruss an 

teplitz. Value of a* was reduced with increase in gamma irradiation and minimum 

value i.e 36.16 and 27.16 was obtained in flowers of R. gruss an teplitz and R. 

centifolia respectively as shown in fig 11 &12.  

 Treatment means taken from data regarding b* showed that there 

was consistent increase in value with increase in irradiation level (Table. 38). 

Highest value (10.69) of b* was found at 60 Gy irradiation. Significantly higher 

value was noticed in R. gruss an teplitz than R. centifolia. Interaction of gamma 

rays and species yielded significant difference and maximum value of b* was 

recorded in interaction with R. gruss an teplitz (10.69) and R. centifolia (-4.14) at 

60 and 30 Gy respectively. 

Chroma (c*) values exhibited intensity or saturation of colors in flowers. 

This study indicate a significant difference in interaction of species and gamma 

irradiation level regarding chroma as shown in Table 39. Minimum chroma was 

recorded in R. gruss an teplitz (37.77) and R. centifolia (27.50) at 60 and 30 Gy of 

gamma rays.  Between species more intensity or saturation was found in flowers of 

R. gruss an teplitz as compared to R. centifolia. 

Results pertaining to hue angle (h°) showed that flowers of rose species had 

increased h° (8.55) value as compared to rest of treatments (Table 40). Statistical 

analysis also produced significant difference in hue angle of rose species. In R. 

gruss an teplitz maximum value (17.10) was noticed at 60 Gy while in R. centifolia 

highest value (-8.58) was found at 30 Gy of gamma rays. 
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Table 35.  Effect of gamma irradiations on flower size (cm) of rose species 

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

TO (0) 5.08 a 5.28 a 5.18 A 

T1 (10) 4.99 a 4.97 a 5.15 A 

T2 (20) 5.31 a 4.93 a 4.95 A 

T3 (30) 4.93 a 4.91 a 4.92 A 

T4 (40) 4.78 a - 4.78 A 

T5 (50) 4.89 a - 4.89 A 

T6 (60) 3.87 a - 3.87 A 

Mean Varity S  4.79 A 5.02   B  

LSD 0.05                             T =1.219                    S =0.424                   T×S =  1.9805 

	 	 	 	 	 .  

 

 

Table36.  Effect of gamma irradiation on lightness (L*) in flowers of rose 

species 

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

TO (0) 37.10 b 66.14 a 51.62 A 

T1 (10) 42.39 b 68.62 a 55.50 A 

T2 (20) 42.44 b 73.05 a 57.75 A 

T3 (30) 40.84 b 76.64 a 58.74 A 

T4 (40) 43.03 b - 43.03 B 

T5 (50) 46.13 b - 46.13 B 

T6 (60) 45.12 b - 45.12 B 

Mean  42.43 A 71.11 B  

LSD 0.05                                           T =8.430                        S =2.935        T×S = 13.692 

	 	 	 	 	 .  
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Table 37.  Effect of gamma irradiation on a* value in flowers of rose 

species 

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

TO (0) 41.42 a 30.73 bcd 36.08 A 

T1 (10) 42.36 a 33.31 a-d 37.83 A 

T2 (20) 41.47 a 30.13 cd 35.80 A 

T3 (30) 40.71 ab 27.16 d 33.93 A 

T4 (40) 40.14 abc - 40.14 A 

T5 (50) 37.25 a-d - 37.25 A 

T6 (60) 36.16 a-d - 36.16 A 

Mean  39.93 A 30.33 B  

LSD 0.05                                          T =6.234                    S = 2.171             T×S =  10.125 

	 	 	 	 	 .  

 

Table 38.  Effect of gamma irradiation on b* value in flowers of rose 

species 

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

TO (0) 8.48 a -7.47 d 0.50 C 

T1 (10) 8.50 a -5.86 cd 1.32 BC 

T2 (20) 9.02 a -5.13 cd 1.94 BC 

T3 (30) 9.34 a -4.14 c 2.60 B 

T4 (40) 9.90 a - 9.90 A 

T5 (50) 10.30a - 10.30A 

T6 (60) 10.69a - 10.69A 

Mean  9.46 A -5.65   B  

LSD 0.05                                    T = 1.475                   S =0.513                   T×S =  2.396 

	 	 	 	 	 .  
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Table 39.  Effect of gamma irradiation on chroma (c*) of flowers of rose 

species 

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

TO (0) 42.31 a 31.63 bcd 36.97 A 

T1 (10) 43.24 a 33.82 a-d 38.53 A 

T2 (20) 42.45 a 30.57 cd 36.51 A 

T3 (30) 41.80 a 27.50 d 34.65 A 

T4 (40) 41.37 ab - 41.37 B 

T5 (50) 38.67 abc - 38.67 A 

T6 (60) 37.77 abc - 37.77  

Mean  41.09 A 30.88 B  

LSD 0.05                                        T =6.031                         S = 2.100               T×S =9.795

	 	 	 	 	 	 .  

 

Table 40.  Effect of gamma irradiation on hue angle (h0) in flowers of rose 

species 

γ-radiation 

(Gy) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

TO (0) 11.68 a -13.61 c -0.96 B 

T1 (10) 11.69 a -9.99   c 0.84  B 

T2 (20) 12.32 a -9.75   c 1.28  B 

T3 (30) 13.11 a -8.58   c 2.26  B 

T4 (40) 13.96 a - 6.98  A 

T5 (50) 15.51 a - 7.75  A 

T6 (60) 17.10 a - 8.55  A 

Mean  13.62 A -5.99 B  

LSD 0.05                                   T = 3.357                   S = 1.169                   T×S =  5.452 

	 	 	 	 	 	 .  

  



81 
 

Anthocyanins are responsible for the blue, red and violet colourson co-

pigments of flavonoids and metals (Jurd and Asen, 1966, Takeda et al., 1994). The 

other important group of colour compounds is carotenoids. These are the pigments 

which, occurring in plastids, are responsible for yellow, orange and even red 

colours (Lema-Rumińska and Zalewska, 2005). A colour change in mutants 

involved both the qualitative and the quantitative pigments modifications. Ionising 

radiation in most mutants resulted in a complete or partial genes inactivation that 

participates in the biosynthesis of color pigments (Lema-Rumińska and   alewska, 

1995). All that suggests that the mutation in the mutants obtained resulted in 

changes in genes of flavonoids biosynthesis involving an inactivation of any of the 

enzymes on the biosynthesis pathway. Obtaining new inflorescence colours with 

the use of mutation seems to be related to a genetic material destruction. It can be 

considered that genes of biosynthesis of concerned pigments are blocked in original 

cultivars. Blocking genes occurring in a dominant form effectively block 

biosynthesis pathways of pigments. A destruction of these genes by ionising 

irradiation depicts a chance of obtaining a given mutant pigment (Hu et al., 1994). 

Induction of flower colour mutation after gamma irradiation is in conformity with 

the results obtained earlier for other ornamentals (Datta and Banerji, 1990; Datta, 

1997).  

3.5.15 Variegation in Flowers 

Along with variation in color of rose flowers mutant flowers were also 

found in R. gruss an teplitz species. Two plants in R. gruss an teplitz with 

variegated flowers having pink and red petals in the same flower were observed in 

the form of chimeras as a result of gamma irradiation at the dose of 60 Gy as 
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shown Fig 13. Apart from this two plants having pink flowers were found in R. 

gruss an teplitz which has original red color flowers. One plant having different 

flower shape was also noticed in this species. 

Morphological abnormalities in flowers were developed after gamma 

irradiation. But all the mutations appeared as chimera. Mutation sectors varied 

from a small sector of the floret to the entire flower and portion of a branch. The 

percentage of mutation and spectrum of mutation varied with the different doses. 

Mandal et al. (2000) detected sectorial flower colour mutations in gamma 

irradiated plants in chrysanthemum.  In gamma irradiated population somatic 

mutations in floret shape and flower colour were noticed (Datta et al., 2005). Like 

our results the flowers color of Dendranthema grandiflora Tzvelev showed a great 

tendency towards becoming brighter than towards darkening in irradiated 

(Zalewska and Jerzy, 1997). Chimerism remains the main hurdle in mutation 

breeding of vegetatively grown crops (Benetka, 1985). Laneri et al. (1990) 

obtained several flower mutants in gerbera by gamma irradiation in form of 

chimera. Miyazaki et al. (2002) isolated variegated flower mutant plants in Petunia 

hybrida by irradiation of Surfinia. As a result of irradiation flower shape were 

induced in each cultivar (Yamaguchi et al., 2003). 

  



83 
 

Fig 5.  

Fig. 5. Effect of gamma irradiation on survival percentage of 

irradiated shoot tip explants (B & C) as compared to control (A) 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.  Irradiated plants of R. gruss an teplitz (A & B) R. centifolia (C & 

D) and R. borboniana (E & F) showing leaf abnormalities  
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Fig 7. Minimum plant height of R. gruss an teplitz  

 

Fig 7.  Minimum plant height of R. gruss an teplitz (B), R. centifolia (D) 

and R. borboniana (F) at 60, 30 and 50 Gy respectively as 

compared to their respective control (A,C&E) during 

acclimatization 

 

 

 

 

 

 

 

 

 

Fig 8.  Minimum plant height of R. gruss an teplitz (B),  R. centifolia (D)  

and R. borboniana (F) at 60, 30 and 50 Gy respectively as 

compared to their control (A,C&E) after 18 months of  

acclimatization 
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Fig 9. Flower size of R. centifolia at 30 Gy (A&C) as compared to control  

 

 

Fig 10.  Size of flowers of R. gruss an teplitz at 60 Gy (B) as compared to 

  control (A) 

 

Fig 11.  Color variation found in flowers of R. gruss an teplitz (A&C) at 

60 Gy as compared to control (B) 
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Fig12.  Color variation in flowers of R. centifolia (A&C) at 30 Gy as 

compared to control (B) 

 

 

Fig13.  Mutants (B, C, D, E & F) obtained through gamma irradiation 

as compared to control (A) in R. gruss an teplitz 
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Chapter 4 

IN VITRO MUTATION THROUGH COLCHICINE   

4.1 INTRODUCTION 

Rose is economically a most significant decorative crop because of its 

attractiveness as landscape, garden, pot plants, cut flowers and use of its aromatic 

oils for the perfume industry (Gudin, 2000). Although, in agriculture,  floriculture 

is an important sector with huge market potential worldwide. But unfortunately in 

Pakistan, floriculture is almost a neglected sector so little attention has been 

focused in the past on in vitro mutagenesis of cultivated rose species through 

different mutagens. Moreover, the production of rose cultivars is the major force 

within the industry, driven by consumer demand for novel growth and floral forms. 

In addition, rose breeders are also constantly seeking new varieties with improved 

horticultural traits. The capability of the breeder to assure these demands is limited 

as roses are highly heterozygous in nature making the variation of individual traits 

difficult by conventional resources (Marchant et al., 1996). However, in vitro 

mutagenesis; a combined effect of tissue culture and induced mutation offer an 

opportunity to increase variation in commercially important cultivars (Jain et al., 

1998). Among the mutagens, chemical mutagens also induced heritable variation 

(Novak, 1990) and colchicine has been used successfully to induce polyploidy in 

many ornamental plants (Thao et al., 2003). Although, some important rose species 

i.e. Rosa borboniana, Rosa gruss-an-teplitz and Rosa centifolia with unique 

characteristics are cultivated all over the Pakistan (Hashmi, 2006) but they have 

large plant size with small size flowers having no color variegation. So there was 

need to develop mutant plants with improved characteristics from these species to 
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make them more diverse and multipurpose. Therefore, present study was designed 

to produce plants of these species more diverse and multipurpose to fulfill the 

recent needs of the floriculture industry. 

4.2 REVIEW OF LITERATURE 

4.2.1 Colchicine Induced Mutation 

Each species has a characteristic number of chromosomes, i.e., most 

organisms are diploid (2x), with two groups of homologous chromosomes, one 

from the male parent and the other from the female parent. The gametes of these 

organisms are haploid (x), i.e., they have only one group of chromosomes. 

However, variation in the number of chromosomes can be found in nature. 

Polyploidy generally refers to all natural or induced variations in the number of 

chromosomes, also known as the numerical chromosome mutations. Polyploidy has 

been of major importance to plant evolution and culture, and has gained importance 

in agriculture. It is estimated that a third of the angiosperms (flower bearing plants) 

shows more than two groups of chromosomes, i.e., polyploidy (Faria and Destro, 

1999). Polyploidy in orchids produces desirable characteristics such giantism (an 

increase in floral piece), an intensification in flower coloring, durability and 

resistance to diseases (Griesbach, 1985; Watrous and Wimber, 1988). Numerical 

chromosome mutations can be of two types: aneuploidy and euploidy. - 

Aneuploidy: is a variation in the number of chromosomes that affects part of the 

genome. The chromosomes carry genes and each species has a characteristic 

number. The non disjunction of chromosomes at meiosis explains most of the 

aneuploid variations. - Euploidy: is a variation in the basic number (x) of 

chromosomes involving the whole genome. The n represents the number of 
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chromosomes present in the gamete while x represents the number of chromosomes 

in the genome (Faria and Destro, 1999).  

4.2.2 Antimitotic Agents 

Since the discovery of colchicine (C22 H 25 O6 N) as an agent for doubling 

chromosomes in the plants (Blakeslee et al., 1937), ploidy may be induced with 

colchicine treatment. It is a poisonous compound extracted from seeds and bulbs of 

Colchicum autumnaleL. The optimum dose of colchicine and incubation time 

depends on the species and environmental conditions (Omran and Mohammad, 

2008). Colchicine acts by binding to the tubulin dimmers, preventing the formation 

of microtubules and consequently, spindle fibers during cell division (Stanys et al., 

2004; Petersen et al., 2003). So, the chromosome has been duplicated, but mitosis 

has not yet taken place and restriction of cell wall formation at this stage results in 

the polyploid cells. These cells were larger than diploid counterparts with greater 

cell volume frequently developed into thicker tissues, thus resulting in large size 

plant organs (Rauf et al., 2006). Morphological comparison between diploid and 

tetraploid plants showed some differences such as an earlier induction of enhanced 

growth of lateral branches and multiple shoots (Rubuluza, 2006). Also, colchicine 

induces mutagenic changes on gross and micro morphological features which may 

be of agronomic utility (Obute et al., 2007). Polyploidy has been used in 

horticulture as a breeding tool to enhance ornamental characteristics such as plant 

size, leaf thickness and increased width to length ratio of leaves and flower size 

(Shao et al., 2003). 
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4.2.3 Explant Types 

Different explants like plantlets or shoots, buds or shoot tips, callus, 

somatic or zygotic embryos, seeds, seedlings, nodal segments and tuber segments 

have been successfully used in the past. The efficiency of polyploidization depends 

on the type of explant (Kermani  et al., 2003; Petersen et al., 2003), but also within 

an explants type, differences of success in chromosome doubling can occur 

depending on the permeability of the tissue and transport capability of the 

antimitotic agent to the meristem (Allum et al. 2007). In addition to the effect of 

the explants, genotype dependent efficiency is also observed (Chauvin et al., 2005; 

Khosravi et al., 2008; Stanyset al., 2006). 

4.2.4 Concentration and Exposure Time 

Concentration and exposure time are important parameters, but there is an 

evident interaction between them. Every crop thus requires testing. Low doses are 

not successful, while excessively high doses are lethal. Furthermore, high 

concentrations or exposure times can result in doubling, which leads to cells with 

higher ploidy levels than desired (Allum et al., 2007). The solvent in which the 

antimitotic agent is dissolved is also important. It contributes to the effect and 

toxicity of the treatment. In many studies, antimitotic agents are dissolved in 

DMSO (Allum et al. 2007; Kermani et al., 2003; Khosravi et a., 2008; Stanys et al. 

, 2006; Zhang et al. 2007, 2010). DMSO increases cell permeability and allows 

increased absorption of chemicals. However, it often induces plant mortality. 

Treatments with colchicine dissolved in 2 or 4% DMSO decreased the survival rate 

compared to colchicine controls dissolved in water; however, the number of 

tetraploids increased (Hamill et al., 1992). When excessive toxicity is observed, 
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alternative solvents can be used. Oryzalin can be dissolved in NaOH (1 M) 

(Dhooghe et al., 2009) or 70% ethanol (Petersen et al., 2003), trifluralin in acetone 

(100%) (Dhooghe et al., 2009) and colchicine in liquid culture medium or water 

(Dhooghe et al., 2009; Hamill et al., 1992) or ethanol (96%) (Greplova et al.,  

2009). When a solution of an antimitotic agent is directly used on plant tissue, a 

wetting agent is often added to enhance the contact surface. Different surfactants 

can be used, e.g., 0.05% Teepol (Eeckhaut et al., 2002) or any commercially 

available detergent. 

4.2.5 Application Method 

When antimitotic agents are used in media, the polyploidization procedure 

needs to be integrated in the in vitro protocols, including the start of the culture and 

clonal propagation phases. Sometimes, a pre-incubation period in vitro is done 

before the antimitotic agent is applied, to synchronize the mitotic divisions and thus 

ameliorate the effect of the antimitotic agent (Chauvin et al., 2005). Besides the 

treatment of buds or shoots with mitotic inhibitors in the tissue culture medium 

(liquid or solid) during one propagation cycle, polyploidization is often induced 

during a short application in liquid medium (on a shaker) followed by culture of 

new polyploid shoots on a regeneration medium. For example, in Rosa ‘The´re`se 

Bugnet’, a liquid medium during a long exposure period was compared to a liquid 

medium for a short exposure time followed by a transfer to a semi-solid medium, 

both containing oryzalin. The short exposure time to the liquid medium was the 

most efficient, especially when small nodal sections were used (Kermani et al., 

2003). 
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4.2.6 Morphological and Anatomical Observations 

Morphological and anatomical observations which demonstrate 

chromosome doubling are simple but often inaccurate (Brummer et al., 1999; 

Zlesak et al., 2005). These typical characteristics are frequently the goal of the 

polyploidization itself. Although morphological parameters can be used as primary 

selection criteria of polyploids, confirmation is often necessary. For example, in 

crape myrtle (Lagerstroemia indica), plants were selected based on morphological 

parameters typical for induced tetraploids (ticker stems, increased width-to-length 

leaf ratios, larger stomata and higher number of chloroplast per guard cell) and 

after wards checked by flow cytometry. Only 50% of the plants selected as putative 

tetraploids by morphological screening were confirmed to be tetraploids; the others 

were mixoploids (Zhang et al., 2010). 

4.2.7 Application of Antimitotic Agent 

As already mentioned, the efficiency of chromosome doubling depends on 

many factors: species, antimitotic agents, type of explants and application method. 

The interaction between these parameters is so high that it is almost impossible to 

declare that one application method is the most successful. The same holds true for 

the choice of antimitotic agent. Clearly, one cannot proclaim that one antimitotic 

agent is the most successful. First of all, the alternative agents cannot be applied in 

the same range of concentration because of their different affinities. Colchicine is 

generally applied in a concentration range of 1.25–2.5 mM, while other antimitotic 

agents as oryzalin, trifluralin or APM have a final concentration of 1–50 lM. 

Moreover, large differences are observed in exposure times, weeks, days or even 
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hours. In Chaenomeles japonica microshoots, colchicine was more successful than 

oryzalin (Stanys et al., 2006). 

4.2.8  Applications of In Vitro Chromosome Doubling in Plant Breeding 

Although somatic chromosome doubling does not introduce new genetic 

material and produces only additional copies of existing genes and chromosomes, 

many genome alterations occur after mitotic polyploidization (Ranney, 2006). 

These genetic changes often result in polyploid crops being superior to diploids 

with respect to morphological changes, genetic adaptability and tolerance to 

environmental stresses (Mears, 1980; Xiong et al., 2006). Moreover, polyploids 

have an overall increased gene expression level compared to diploids, which could 

result in an affected dosage-regulated expression (Osborn et al., 2003). Mitotic 

chromosome doubling can directly lead to morphological and anatomical changes. 

Chromosome doubling resulted in increased leaf thickness, increased width/length 

ratio of the leaves, darker green coloration and bigger flowers in Citrus (Zhang et 

al., 2007), Punica granatum (Shao et al., 2003), Bacopa (Escadon et al., 2006), 

Rosa (Allum et al., 2007),  Pyrus communis (Sun et al., 2009), and Phlox (Zhang et 

al., 2008). Moreover, tetraploids of Rosa had a significantly higher number of 

petals per flower (Allum et al., 2007; Kermani et al., 2003), although tetraploid 

Rosa rugosa had fewer flowers per inflorescence than its diploid counterparts 

(Allum et al., 2007). Mitotic chromosome doubling in carnation (Yamaguchi, 

1989) and cyclamen (Takamura and Miyajima, 1996) resulted in deeper-colored 

flowers. In Platanus, polyploidization resulted in plants with a more compact 

growth habit (Liu et al., 2007). Tetraploidization of Zizyphus jujube, an 

economically important fruit tree in Asia, resulted in thicker stems, rounder and 
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succulent leaves, larger flowers and a delay in flowering time of 3–4 days (Gu et 

al., 2005).  Jacob et al. (1997) found that tetraploid level increased the size of most 

of vegetative and reproductive plant organs like plant height, stem size, length and 

diameter of floral peduncle and flower diameter of anemone.  

4.3 MATERIALS AND METHODS 

4.3.1 A. In Vitro Mutation through Colchicine Solution 

Shoots of uniform size from the proliferated explants of rose were taken 

from culture jars and treated with different autoclaved aqueous solutions of 

colchicine by dipping the entire shoots in flasks containing different colchicine 

solutions (0, 100, 300, 500, 700, 900 and 1100 mgl-1 ) separately. Flasks containing 

shoot tips were placed in an orbital shaker and allowed to shake gently for three 

hours under aseptic conditions. To remove the traces of colchicine the treated 

shoots were taken out from the container and rinsed thrice with sterilized distilled 

water under a laminar flow chamber. Treated shoot tips were moved to shoot 

proliferation medium and then subsequently to the in vitro rooting medium and 

glass house for acclimatization as described in previous experiment.  Observations 

were taken as mentioned in previus experiment. The data were analysed like 

previous experiments. 

4.3.2 B.  In Vitro Mutation through Colchicine Medium 

Shoot tip explants of rose species proliferated in vitro were placed in shoot 

proliferation medium supplemented with colchicine. Solution of colchicine was 

added after autoclaving the media. Explants were placed in the medium containing 

different level of colchcine (0,100, 150, 300 and 450 mgl-1) and incubated for three 

different periods of 5, 7 and 11 days. Treated shoot tips explants after incubation in 
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this media were inoculated in shoot proliferation medium and subsequently in the 

rooting medium and then finally placed in glass house for acclimatization as 

described in previous experiment. Observations were taken as mentioned in 

previous experiment.  

4.3.2.1 Data Analysis 

Experiment was three factor factorial randomized in CRD with four   

replications and sixty explants in each treatment. Observations were taken as 

mentioned in previous experiment.The data were subjected to three-way analysis of 

variance (ANOVA) and the differences among means were compared using 

Duncan’s Multiple Range Test at 5% probability level (Steel et al., 1997). 

4.4 RESULTS AND DISCUSSIONS 

4.4.1   A. InVitro Mutation through Colchicine Solution  

4.4.1.1 Survival percentage 

Survival percentage was significantly affected when shoot tips were treated 

with colchicine solutions for the induction of polyploidy in rose species (Table 41). 

Maximum survival percentage was recorded in untreated explants of all species 

while it was reduced with the increase in the concentration of colchicine. However, 

minimum survival percentage 78.25, 75 and 66.25% was noted at 1100 mgl-1 of 

colchicine in   R. gruss an tepltiz, R. centifolia and R. borboniana respectively (Fig 

14). Treatment means depicted a declining trend with the the increase in 

concentration of colchicine and maximum mortality was recorded at the highest 

dose of 1100 mgl-1. R. borboniana yielded a minimum survival percentage as 

compared to R. gruss an teplitz and R. centifolia.   
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Table 41.  Effect of colchicine on survival percentage of rose species during 

shoot proliferation  

 

Table 42.  Effect of colchicine on survival percentage of rose species 

during in vitro rooting stage 

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 99.25 a 100.00 a 100.00 a 99.75 A 

T1 (100) 97.00 ab 100.00 a 90.00  bc 95.66 B 

T2 (300) 93.75 ab 90.00  bc 85.00  cde 89.58 C 

T3 (500) 88.75 bcd 84.50  cde 82.00  c-f 85.08 D 

T4 (700) 83.75 cde 80.50  def 80.00  ef 81.41 DE 

T5 (900) 80.75 def 78.50  ef 73.75  fg 77.66 E 

T6 (1100) 78.25 ef 75.00  f 66.25  g 73.16 F 

Mean 88.78 A 86.92  A 82.42  B  

LSD 0.05                                T =   4.014                S =  2.072                T×S =  8.500 

	 	 	 	 	 	 .  

Colchicine   

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 100.0 a 100.00 a 100.00 a 100.00 A 

T1 (100) 100.0 a 98.75  a 98.50  a 99.08  AB 

T2 (300) 95.31 ab 93.75  ab 98.00  a 95.69  BC 

T3 (500) 95.25 ab 87.25  bc 95.00  ab 92.50  C 

T4 (700) 83.75 cd 79.50  cde 93.75  ab 85.67  D 

T5 (900) 75.25 e 76.25  de 77.50  de 76.33  E 

T6 (1100) 72.50 ef 73.75  ef 66.25  f 70.83  F 

Mean   88.86 AB 87.03  B 89.85  A  

LSD 0.05                              T = 3.946                    S =  2.036               T×S = 8.356  

	 	 	 	 	 .  
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Table 43.  Effect of colchicine on survival percentage of rose species during 

acclimatization  

  

Colchicine      

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 88.56 a 80.82 abc 88.85 a 86.07 A 

T1 (100) 88.63 a 75.62 bcd 86.13 ab 83.46 A 

T2 (300) 68.63 cde 59.15 e-i 67.89 def 65.22 B 

T3 (500) 64.98 d-g 48.70 h-k 60.85 e-h 58.18 C 

T4 (700) 53.70 g-k 48.85 h-k 55.28 f-j 52.61 C 

T5 (900) 42.36 k 47.23 ijk 48.79 h-k 46.13 D 

T6 (1100) 43.17 jk 45.03 jk 48.10 ijk 45.43 D 

Mean  64.29 A 57.91 B 65.13 A  

LSD 0.05                                T = 5.9817                  S = 3.087                 T×S   =  12.666  

	 	 	 	 	 	 .  
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Alike shoot proliferation stage when shoots were shifted in in vitro rooting media, 

there was a declining trend with the increase in the colchicine concentrations 

(Table 42). Minimum plants were survived at the maximum level of colchicine 

(1100 mgl-1). Survival percentage seems to be species dependent. Maximum plants 

were survived in case of R. borboniana followed by R. gruss an teplitz and           

R. centifolia. At the highest concentration of 1100 mgl-1 minimum plant (66.25, 

72.50 and 73.75%) of R. borboniana, R. gruss an teplitz and R. centifolia  survived 

as compared to control. 

After inducing roots when treated plants shifted in glass house for the 

acclimatization there was again a significant difference among the survival 

percentage in different treatments as shown in Table 43. There was a reduction in 

survival percentage with the increase in the level of concentrations. However, 

maximum mortality 45.43% was found in the plants treated with colchicine at the 

rate of 1100 mgl-1. A significant difference was observed in the survival percentage 

of three rose species. Minimum survival percentage as compared to control was 

recorded in R. gruss an teplitz (43.17%), R. centifolia (45.03%) and R. borboniana 

(48.10%) and a declining trend was noticed in all species with the increase in 

concentration of colchicine. 

Colchicine is a conventional polyploidy agent, which has been effectively 

used for the induction of polyploidy by inhibiting mitosis at the anaphase stage 

(Thao et al., 2003). However, in this process, treated plants are badly affected, 

inhibiting regular growth or even death of the plants, depending on the colchicine 

doses (Shao et al., 2003). This toxicity attributable to the generally higher 

colchicine concentrations  is needed for polyploidy induction because colchicine 
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binds poorly to plant tubulins (Morejohn et al., 1987).  High concentrations of 

colchicine have been associated with plant cell death because of the highly toxic 

effect of this antimitotic agent, which blocks spindle fiber development and 

modifies the differentiation process (Pintos et al., 2007).  

Like our results, Kadota and Niimi (2002) also found that colchicine 

treatment affect the survival rate. Colchicine treatment with 0.1% concentration 

caused high mortality. A decrease in survival percentage was also recorded in 

treated plants with colchicine at in viro rooting and acclimatization stage. Any 

decrease in survival of colchicine treated shoots over non treated control is likely 

the result of a carryover effect of colchicine to in vivo conditions as Kadota and 

Niimi (2002) demonstrated in Pyrus pyrifolia.  

4.4.1.2 Number of shoots 

Effect of different concentrations of colchicine varied significantly 

concerning the number of shoots per explants in shoot proliferation medium as 

shown in Table 44. Higher colchicine concentrations yielded inferior results than 

control treatment as maximum number of shoots (3.97) were produced in untreated 

plants. It was also observed that lower concentrations have more promoting trend 

than higher concentrations.  Among the species, R. gruss an teplitz depicted least 

outcome of number of shoots followed by R. centifolia and R. borboniana. Control 

depicted maximum number of shoots ie 3.10, 4.50 and 4.31 in R. gruss an teplitz, 

R. centifolia and R. borboniana respectively. 

 After one culture cycle when shoots were shifted in in vitro rooting 

medium and then subsequently in glass house for the purpose of acclimatization, all  
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Table 44.  Effect of colchicine on number of shoots of rose species during 

shoot   proliferation stage 

 

  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0)  3.10 def  4.50 a  4.31 a  3.97 A 

T1 (100)  2.90 d-g  4.17 a  3.96 ab  3.67 AB 

T2 (300)  2.75 d-i  3.87 ab  3.82 abc  3.48 B 

T3 (500)  2.15 i  2.85 d-h  3.37 bcd  2.79 CD 

T4 (700)  2.20 hi  2.30 ghi  3.06 def  2.52 D 

T5 (900)  2.42 f-i  2.90 d-g  3.12 de  2.81 CD 

T6 (1100)  2.43 e-i  3.30 bcd  3.17 cd  2.97 C 

Mean    2.56 B  3.41 A  3.54 A  

LSD 0.05                              T = 0.325                  S = 0.167                   T×S  = 0.688  

Any	two	means	not sharing a letter differ significantly at	 0.05 
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treated as well as untreated plants produced single shoots in all these species at 

both growth stages . 

Kadota and Niimi (2002) reported inferior results regarding these 

proliferation rate of shoot cultures by using 0.1% colchicine as compared to  

control plants. Our results are also in conformity with Hewawasam et al. (2004) 

who also reported that colchicine treated plants of crossandra  increased number of 

branches at lower concentrations (0.03%), which again decreased with increase in 

doses. Raghuvanshi and Singh (1974) exhibited alike results in Trigonella 

foenumgraecum, which showed a bushy habit from colchicine treated  population. 

However, our results are not in line with Thao et al. (2003) and Roy et al. (2001) 

who observed 10-15 shoots of Crape myrtle in proliferation medium as 

meristematic cells that might be polyploidized can initiate new shoots.  

4.4.1.3 Percentage of plants showing leaf abnormalities 

Statistical analysis showed a significant results regarding percentage of 

plants bearing leaf abnormalities in rose species treated with colchicine (Table 45). 

Leaf abnormalities were increased with the increase in the colchicine. Significant 

difference was also observed among treated rose species. Maximum plants of R. 

gruss an teplitz having leaf abnornmalities 16.75% were recorded in the plants 

treated with solution of colchicine at 1100 mgl-1. Similar trend was also observed 

in  R. centifolia and R.  borboniana  which recorded 21.18 and 17.43% respectively 

plants having leaf abnormalities as illustrated by Fig 15. However, in control 

treatment no plant was present which had abnormal leaves. 

Leaf abnormalities include changes in color, shape, size, margin and apex 

of leaves. No leaf abnormalities were found in the untreated populations. However, 
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all the treated plants with colchicine showed some leaf abnormalities but these 

abnormalities were noted only in the early stages of growth (Hewawasam et al., 

2004). Shoots were phenotypically abnormal in multiplication medium         

(Hewawasam et al., 2001). According to Datta and Basu (1977) and Datta (1988) 

colchicine treated plants of Trichosanthes and Chrysanthemum cause abnormal 

plant growth which is associated with non-heritable physiological disturbances and 

growth substances induced by colchicine. This leaf abnormality is common in 

colchicine treated populations. The development of such abnormalities in leaves of 

colchicine applied populations was perhaps due to aberrations in chromosomes 

(Datta, 1997). Abnormal leaves percentage increased with increase in concentration 

of colchicine (Hewawasam et al., 2001). 

4.4.1.4 Culture rooting percentage 

Cuture rooting percentage was significantly reduced in rose species with the 

increase in the concentration of colchicine as illustrated in Table 46. Minimum 

plants (89.31%) were found at 1100 mgl-1 that produced roots while in control all 

plants produced roots. However, all treated species resulted non significant results 

regarding culture rooting percentage. Interaction of species and treatment also 

produced significant percentage of rooted culture. R. gruss an teplitz produced 

minimum rooting (91.25%) followed by R. centifolia (90%) in 1100 mgl-1 of 

colchicine while R. borboniana resulted minimum rooting percentage i.e 85% at 

900 mgl-1 followed by 86.67% at 1100 mgl-1. However, cultures of all these species 

produced maximum rooting in untreated plants. At rooting stage, untreated shoots 

of Crossandra showed better rooting ability giving the highest percentage of 

rooting  in hormone free MS medium than treated shoots with colchicine. The  
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Table 45.  Effect of colchicine on plants showing leaf abnormalities in rose 

species during shoot proliferation stage 

 

 Table 46.  Effect of colchicine on culture rooting percentage of rose species 
during  in vitro rooting stage 

Colchicine  

(mgl-1) 

Rose species 
     Mean   

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 0.00 h 0.00  h 0.00 h 0.00  F 

T1 (100) 5.93 g 5.81  g 6.37 fg 6.04  E 

T2 (300) 5.62 g 6.43  fg 6.50 fg 6.18  E 

T3 (500) 6.68  fg 8.31 ef 9.00 e 8.00  D 

T4 (700) 9.30  e 13.06d 11.87d 11.41 C 

T5 (900) 15.18 c 17.06bc 16.37bc 16.20 B 

T6 (1100) 16.75 bc 21.18a 17.43b. 18.45  A 

Mean 8.49 C 10.26A 9.65 B  

LSD 0.05                                T = 0.996                   S =0.514                  T×S = 2.110  

	 	 	 	 .  

Colchicine    

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 100.00 a 100.00 a 100.00 a 100.00A 

T1 (100) 100.00 a 100.00 a 100.00 a 100.00A 

T2 (300) 100.00 a  100.00 a 100.00 a 100.00A 

T3 (500) 98.75 ab 93.75 abc 98.75 ab 97.08 AB 

T4 (700) 97.50 ab 92.50 abc 90.00 bc 93.33 BC 

T5 (900) 93.75 abc 90.00 bc 85.00 c 89.58 C 

 T6 (1100) 91.25 abc 90.00 bc 86.67 c 89.31 C 

Mean 97.32 A 95.17AB 94.345B  

LSD0.05                                   T = 4.2716                 S =2.2045              T×S = 9.0446 

 

	 	 	 	 	 .  
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probable reason for this observation could be the necessary endogenous hormone 

balance required for rooting in untreated shoots that could have been maintained in 

the hormone free medium.Increasing dosage of mutagens caused root development 

to be postponed giving poor percentage of rooting (Hewawasam et al., 2001). 

Destruction and inactivation of exogenous auxin balance by colchicine have also 

earlier been reported by Skoog (1935) and Gordon and Weber (1953) that could be 

the same reason for this inhibitory effect on root development in colchicine treated 

plantlets.  

4.4.1.5 Number of roots 

Different levels of colchicine gave significant results regarding number of 

roots at probability level of 0.05 (Table 47). Highest number of roots (7.09) was 

noted at 300 mgl-1 of colchicine while comparatively less number of roots (4.12) 

were found at control. Poor results (1.96) produced at the highest dose of 1100     

mgl-1 with less number of roots than all other treatments. Significant difference in 

number of roots was also recorded among treated rose species. R. gruss an teplitz 

produced more number of roots than R. centifolia and R. borboniana respecitively. 

At the dose of 300 mgl-1 of colchicine R. gruss an teplitz yielded maximum number 

of roots (9.90) followed by R. centifolia (6.50)  and R. borboniana (4.87) as 

compared to all other treatments. 

According to Hewawasam et al. (2001) the number of roots of crossandra at 

rooting stage were reduced in colchicine treated plantlets than control. The 

probable reason for these results could be the necessary endogenous hormone 

balance in the hormone free medium required for rooting in untreated shoots than 

colchicine treated plants. Increasing dosage of mutagens caused root development 
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to be postponed giving less number of roots per plant. Destruction and inactivation 

of exogenous auxin balance by colchicine have earlier been reported by Skoog 

(1935) and Gordon and Weber (1953). That could be the same reason for this 

inhibitory effect on root development in colchicine treated Crossandra plantlets in 

this experiment.  

4.4.1.6 Root length (cm) 

Data of different colchicine concentration exhibited significant results on 

the length of roots at the probability level of 0.05 (Table 48). Maximum length of 

roots (1.60 cm) was obtained at 500 mgl-1 of colchicine followed by the succeeding 

root length (1.48 cm) at 300 mgl-1 colchicine. Lower and higher concentrations of 

colchicine than optimal level contributed poor results of root length. R. borboniana 

exhibited significantly better root length than R. centifolia and R. gruss an teplitz. 

Interaction of species with treatments depicted an ascending order upto a certain 

level then decline in root length. R. gruss an teplitz, R. centifolia and R. borboniana 

had a maximum root length 0.66, 2.26 and 2.71 cm at 700, 900 and 500 mgl-1 

colchicine respectively. 

Destruction and inactivation of exogenous auxin balance by colchicine have 

earlier been reported by Skoog (1935) and Gordon and Weber (1953) and in vitro 

polyploids had shorter roots (Shao et al., 2003). That could be reason for this 

inhibitory influence on root development in colchicine treated plantlets. Ajalin et 

al. (2002) and Shao et al. (2003) observed that the radicles of the control seedlings 

were significantly longer than those of plants treated with various colchicine 

concentrations in both C. palmate and L. sphaerica. The results agree with reports  
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Table 47. Effect of colchicine on number of roots of rose species during in 

vitro rooting stage 

 

Table 48.  Effect of colchicine on root length (cm) of rose species 

Colchicine 

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 3.80 g-j 4.31 efg 4.25 efg  4.12 C 

T1 (100) 5.25 d 5.45 cd 4.50 ef  5.06 B 

T2 (300) 9.90 a 6.50 b 4.87 de  7.09 A 

T3 (500) 5.97 bc 4.37 efg 4.06 fgh  4.80 B 

T4 (700) 3.98 f-i 2.10 k 3.29 j  3.12 D 

T5 (900) 3.58 hij 1.97 k 2.06 k  2.54 E 

T6 (1100) 3.40 ij 1.25 l 1.25 l  1.96 F 

Mean  5.12 A 3.70 B 3.47 C  

LSD 0.05                               T = 0.304                   S =  0.157                 T×S =  0.644 

	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0)  0.45 f  1.27 d  1.87 c  1.20 C 

T1 (100)  0.47 f  1.29 d  1.82 c  1.19 C 

T2 (300)  0.56 ef  1.32 d  2.58 a  1.48 AB 

T3 (500)  0.64 ef  1.45 d  2.71 a 1.60 A 

T4 (700)  0.66 ef  1.80 c  2.25 b 1.57 A 

T5 (900)  0.44 f  2.26 b  1.37 d  1.36 B 

T6 (1100)  0.41 f  1.23 d  0.83 e  0.82 D 

Mean   0.52 C  1.52 B  1.92 A  

LSD 0.05                              T = 0.138                   S = 0.071                  T×S =  0.294 

	 	 	 	 	 .  
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on Viola X wittrockiana and Punica granatum where the hypocotyls of colchicine 

treated plants became thicker and shortened (Ajalin et al., 2002; Shao et al., 2003). 

Gao et al., (1996) also reported one third root length of tetraploids than that of 

diploids.  

4.4.1.7 Plant height and shoot length (cm) 

 Effect of different colchicine concentrations on shoot length was 

recorded in shoot proliferation medium with highly significant differences as 

shown in Table 49. Shoot length was increased with the increase in the colchicine 

concentrations and maximum length 3.39 cm was measured with the application of 

1100 mgl-1 of colchicine. Influence of colchicine was species dependent and 

response was highly significant among three species. Maximum shoot length 4.12 

cm of R. gruss an teplitz was attained at the highest dose of 1100 mgl-1, while at the 

same concentration R. centifolia and R. borboniana attained maximum shoot length 

(3.04 and 3.02 cm) respectively. 

  Plant height was significantly different among the different 

treatments of colchicine at acclimatization stage. Alike previous stages there was 

an inclining trend with an increase in the level of colchicine as shown in Table 50. 

Minimum height (11.35cm) was yielded in untreated plants while maximum (17.21 

cm) at the highest dose of 1100 mgl-1. Among the species R. borboniana attained 

maximum height than R. centfolia and R. gruss an teplitz. Interaction of treatment 

and species also depicted a significant result regarding plant height. R. gruss an 

teplitz produced plant height of 19.15 cm  at the maximum dose of 1100 mgl-1 

colchicine while  R. centifolia and R. borboniana attained maximum  height  (17.30 

and 18.57 cm) at 900 mgl-1 colchicine as shown in Fig 16. 
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Table 49.  Effect of colchicine on shoot length (cm) of rose species during 

shoot proliferation stage  

 

Table 50.  Effect of colchicine on plant height (cm) of rose species during 

acclimatization 

 

  

Colchicine  

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 2.63 def 2.06 ghi 1.75 i 2.14 E 

T1 (100) 2.67 def 2.12 ghi 1.80 i 2.20 E 

T2 (300) 2.80 cde 2.19 f-i 1.92 hi 2.30 DE 

T3 (500) 3.20 bc 2.35 e-h 1.94 hi 2.49 CD 

T4 (700) 3.36 b 2.38 e-h 1.95 hi 2.56 C 

T5 (900) 3.46 b 2.40 e-h 2.56 d-g 2.80 B 

T6 (1100) 4.12 a 3.04 bcd 3.02 bcd 3.39 A 

Mean 3.18 A 2.36 B 2.13 C  

LSD 0.05                              T =   0.241              S =   0.124               T×S   =  0.511 

	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 9.62  ef 11.74 def 12.68 cde 11.35 D 

T1 (100) 8.45  f 13.78 bcd 13.11 cde 11.78 D 

T2 (300) 13.22 cde 13.78 bcd 15.50 abc 14.16 C 

T3 (500) 13.92 bcd 14.26 bcd 16.09 abc 14.76 BC 

T4 (700) 16.22 abc 14.50 bcd 17.36 ab 16.02 AB 

T5 (900) 15.85 abc 17.30 ab 18.57 a  17.24 A 

T6 (1100) 19.15 a 13.94 bcd 18.54 a  17.21 A 

Mean 13.77 B 14.18 B 15.98 A 

LSD 0.05                                    T = 1.726                      S = 0.891               T×S =  3.655  

	 	 	 	 	 .  
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Eighteen months after acclimatization taller plants were selected from 

treated plants. Taller plants in R. gruss an teplitz gave an average height of 54 cm 

as compared to 36 cm height of non treated plants. While R. centifolia and R. 

borboniana gave 82 and 81cm height of treated plants with colchicine (1100     

mgl-1) as compared to 55 and 50 cm height of control plants as shown in Fig 17. 

Colchicine induce mutagenic changes on gross and micro morphological 

features (Obute et al., 2007). It acts by binding to the tubulin dimmers, preventing 

the formation of microtubules and consequently, spindle fibers during cell division 

(Stanys et al., 2004; Petersen et al., 2003). So, the chromosome becomes double, 

but mitosis has not so far occur and failure of cell wall formation results in the 

polyploid cells. It has more size than diploid, with large cell volume mostly 

produced thicker tissues, thus developing large size organs of plants (Rauf et al., 

2006). Current studies of tetraploid Arabidopsis plants reveal that increase in 

polyploidy have a encouraging effect on size of cell (Breuer et al., 2007). Increased 

DNA content support further cells growth. Increasing level of polyploidy also 

permit further growth of plant organs which have some compensatory mechanism 

to retain the overall organ size. It is normally considered that rising polyploidy 

multiplies the DNA for gene expression and this, in turn, improve the metabolic 

activity of cells to help further growth (Leiva-Neto et al., 2004) 

Morphologically, colchicine-induced tetraploid plants of Alstroemeria have 

taller stems than their diploid ancestor (Lu & Bridgen, 1997). Similarly the 

increased length of the shoots was also  reported in tetraploid gerbera corresponds 

to the earlier reports of Shao et al. (2003) on Punica granatum, Tang et al. (2010) 

on  Paulownia tomentosa. Zhang et al. (2010) on Lagerstoemia indica L.  Jacob et 
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al. (1997) also found that tetrploid level increased the size of most of vegetative 

parts like plant height. Similarly plants of Kangroo paws treated with colchicine 

demonstrated morphological changes both in tissue culture and after planting out 

indicated that polyploidy had been induced. These plants were generally larger than 

their parents (Worrall, 1995). 

4.4.1.8 Number of nodes 

Different concentrations of colchicine showed variation in number of nodes 

(Table 51) during acclimatization.  Maximum nodes (8.65) were obtained by        

R. gruss an teplitz by using colchicine solution at 1100 mgl-1 followed by 8.00 at 

900 mgl-1, while R. centifolia and R. borboniana secured maximum number of 

nodes 7.60 and 7.90 at 900 mgl-1. All species depicted an inclining trend with 

increase in concentrations. Among the treatments there was a non significant 

difference but all treatments gave significantly better results than control. 

Maximum number of nodes 7.83 were recorded at 1100 mgl-1 as compared to 

control (5.61). Similarly number of nodes were not significantly different among 

species. R. borboniana (7.00) yielded maximum number of nodes followed by R. 

gruss an teplitz (6.97) and R. centifolia (6.83). 

El-Morsy (2009) also reported increase in node number in colchicine 

treated plants.Tetraploid plants of Arabidopsis depicted that increase in ploidy have 

a huge effect on cell size (Breuer et al., 2007). It suggested that increase in DNA 

content certainly help more growth of cells. Escalating ploidy also permits   further 

growth of organs of plant which have adjusting mechanism to sustain the overall 

organ size. Whether plant cells have some active mechanism to judge the ploidy 

level and to find out the degree of cell growth consequently still remains vague. 
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Increasing level of ploidy proliferate the DNA content for gene expression and 

promotes the cells metabolic activity to increase growth (Leiva-Neto et al., 2004). 

Singh (2003) also reported that majority of variants among the regenerated plants 

may be due to structural and numerical chromosomal changes induced during the 

culture. 

4.4.1.9 Internodal distance (cm) 

After acclimatization maximum internodal length (2.49cm) was observed in the 

interaction of colchicine with R. borboniana at 1100 mgl-1 followed by                  

R. centifolia  and  R. gruss an teplitz  respectively producing  internodal length 2.33 

and 2.22cm respectively (Table.52). Internodal distance increased with the increase 

in colchicine levels. Internodal distance of rose species within all treatments was 

greater than control. Among the species R. borboniana gave better results than      

R. centifolia and R. gruss an teplitz regarding internodal length.  

Increase in internodal length may be due to the reason of colchicine induce 

polyolidy. Moreover, enhanced photosynthetic capacity in polyploids improves 

growth of the plants (Silvertown and Lovett Doust, 1993). El-Morsy (2009) also 

reported increase in internodal length in the colchicine induced tetraploids. Plant 

architecture altered in the colchicine induced tetraploids and increased   main stem 

internode length of chickpea (Thomas et al., 1990). Colchicine induce polyploidy 

(Stanys et al., 2004; Petersen et al., 2003) as restriction of cell wall formation at 

this stage results in the polyploid cells. These cells might be larger with larger cell 

volume commonly developed into thicker tissues, ensuring large size plant organs 

(Rauf et al., 2006).  
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Table 51.  Effect of colchicine on number of nodes of rose species during 

acclimatization stage 

 

Table 52.  Effect of colchicine on internodal distance of rose species during 

acclimatization stage  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0)  5.20 f  5.96 def  5.68 ef 5.61 B 

T1 (100)  5.25 f  6.45 b-f  5.95 def  5.88 B 

T2 (300)  7.05 a-e  7.21 a-e  7.22 a-e 7.16 A 

T3 (500)  7.20 a-e  7.30 a-d  7.35 a-d 7.28 A 

T4 (700)  7.45 a-d  7.35 a-d  7.50 a-d 7.43 A 

T5 (900)  8.00 ab  7.60 abc  7.90 ab  7.83 A 

T6 (1100)  8.65 a  6.00 c-f  7.42 a-d 7.35 A 

Mean   6.97 A  6.83 A  7.00 A  

LSD 0.05                               T =  0.755                  S =  0.390                T×S = 1.600  

	 	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 1.85 ab 1.98 ab 2.24 ab 2.02 AB 

T1 (100) 1.61 b 2.15 ab 2.20 ab 1.98 B 

T2 (300) 1.87 ab 1.94 ab 2.16 ab 1.99 B 

T3 (500) 1.95 ab 1.97 ab 2.19 ab 2.04 AB 

T4 (700) 2.18 ab 1.98 ab 2.31 ab 2.16 AB 

T5 (900) 2.01 ab 2.30 ab 2.36 a 2.22 AB 

T6 (1100) 2.22 ab 2.33 a 2.49 a 2.35 A 

Mean  1.96 B 2.09 B 2.28 A 

LSD 0.05                                   T =0.339                    S =0.175                 T×S = 0.718 

	 	 	 	 	 	 .  
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4.4.1.10 Fresh and dry weight (mg) 

Statistical analysis of data at shoot proliferation stage presented a 

significant difference for fresh weight among various concentrations of colchicine 

at 0.05 level of probability (Table 53). Comparatively, colchicine at 1100 mgl-1 

yielded less fresh weight than other treatments.  Highest fresh weight (340.08 mg) 

was recorded in control while least at 1100 mgl-1. R. borboniana was more effective 

in achieving fresh weight than R. gruss an teplitz and R. centifolia. It was also 

observed that fresh weight was reduced with the increase in concentrations of 

colchicine. R. gruss an teplitz, R. centifolia resulted minimum fresh weight 191.38 

mg and 127.88 mg respectively at 1100 mgl-1   while R. borboniana 235.69 mg at 

1100 mgl-1. 

At in vitro rooting stage different concentrations of colchicine also 

produced significant difference in fresh weight of plant (Table 54). However, 

promoting trend was observed at higher concentrations. Among the species R. 

centifolia gained maximum fresh weight than other two species. R. gruss an teplitz 

and R. centifolia yielded maximum fresh weight at 700 mgl-1  while  R. borboniana 

at 900 mgl-1. Among all the treatments control produced minimum fresh weight in 

all species.  

Dry weight accumulation of proliferated shoots also showed the synergistic 

pattern to fresh weight for increasing as well as decreasing trend. Analysis of data 

at 0.05 probability level exhibited a considerable variation among the response of 

different concentrations of colchicine on explants at shoot proliferation stage as 

presented in Table 55.  Dry weight of shoots significantly decreased with addition 

in concentration of colchicine. Species also depicted a significant difference in dry 
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weight accumulation. A decreasing trend was observed in R. gruss an teplitz  which 

attained minimum dry weight 26.50 mg at 1100 mgl-1. Similar response was also 

seen in R. centifolia and R. borboniana.   

Analysis of data at 0.05 probability level exhibited a considerable variation 

among the response of different colchicine concentrations at in vitro rooting stage 

as presented in Table 56.  Gradual increase in dry weight of in vitro rooted plants 

was calculated with the increase in the concentrations of colchicine. Average 

means shown maximum dry weight accumulation in plants of R. centifolia (25.43 

mg) followed by R. borboniana (25.16 mg) and R. gruss an teplitz (18.88 mg). 

Results of treatment interaction with species depicted an increasing trend with 

increase in concentration upto a certain concentration and beyond that again a 

decline was noticed. 

   Probably fresh and dry mass increase was due to leaf area increase and 

change in quality and quantity secondary metabolites of plants. Other workers have 

also exhibited that the polyploidy increase oftenly causes structural and anatomical 

changes (Adaniya and Shirai, 2001). Liu et al., 2007 by using 0.3 to 0.4 % 

colchicine produced  tetraploid plants  of Platanus acerifolia  having thicker and  

broader leaves  than those of the diploids causing increase in fresh weight and 

water content of the leaves, these being, on average, 25.3 and 5.6% higher than that 

of the diploids, respectively. A number of publications have shown that induced 

tetraploidy increases the biomass amount of Artemisia annua (Wallaart et al. 

1999), Salvia miltiorrhiza (Gao et al., 1996) and Papaver somniferum (Mishra et 

al., 2010)  
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Table 53.  Effect of colchicine on fresh weight (mg) of rose species during 

shoot proliferation stage  

 

Table 54.  Effect of colchicine on fresh weight (mg) of rose species during         

in vitro rooting stage  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 244.38 d-g 254.38 de 521.50 a  340.08 A 

T1 (100) 226.38 e-i 247.13 d-g 460.56 b 311.35 B 

T2 (300) 207.38 f-i 205.88 f-i 425.54 b 279.60 C 

T3 (500) 205.63 f-i 193.38 hi 325.13 c  241.38 D 

T4 (700) 204.75 ghi 141.38 j 273.98 d  206.70 E 

T5 (900) 196.63 hi 142.13 j 235.69 d-h 191.48 E 

T6 (1100) 191.38 i 127.88 j 248.88 def 189.38 E 

Mean  210.93 B 187.45 C 355.89 A 

LSD 0.05                             T =  20.496                 S = 10.578                 T×S  =  43.398 

	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 87.00  i 102.00 hi 106.14 ghi 98.38  E 

T1 (100) 107.34 ghi 124.17 e-h 112.34 fgh 114.61 D 

T2 (300) 118.83 e-h 130.25 d-g 109.85 ghi 119.64 D 

T3 (500) 174.50 bc 139.17 de 130.15 d-g 147.94 B 

T4 (700) 180.84 b 213.17 a 142.74 de 178.91 A 

T5 (900) 135.13 def 149.50 d 151.68 cd  145.43 BC 

T6 (1100) 122.13 e-h 141.66 de 140.13 de 134.64 C 

Mean  132.25 B 142.84 A 127.57 B 

LSD 0.05                                   T = 11.409                  S =  5.888                T×S  = 24.158  

	 	 	 	 	 	 .  
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Table  55.  Effect of colchicine on dry weight (mg) of rose species during 

shoot proliferation stage   

 

Table 56.  Effect of colchicine on dry weight (mg) of rose species during in 

vitro rooting stage 

  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 56.12 cd 41.75 e-h 81.83 a 59.90 A 

T1 (100) 49.62 de 39.87 fgh 71.00 b 53.50 B 

T2 (300) 42.37 efg 37.37 fgh 64.52 bc 48.09 C 

T3 (500) 41.00 e-h 36.00 fgh 43.02 ef 40.00 D 

T4 (700) 38.62 fgh 33.25 ghi 44.37 ef 38.75 D 

T5 (900) 32.37 hij 25.50 ij 38.02 fgh 31.96 E 

T6 (1100) 26.50 ij 23.62 j 32.40 hij 27.50 F 

Mean 40.94 B 33.91 C 53.59 A  

LSD 0.05                                 T = 4.431                 S =  2.286                 T×S =  9.382  

	 	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 17.41 gh 23.16 c-h 20.67 d-h 20.41 D 

T1 (100) 17.25 h 23.33 c-h 20.42 d-h 20.33 D 

T2 (300) 18.58 fgh 22.66 d-h 22.42 d-h 21.22 CD 

T3 (500) 19.58 e-h 24.66 b-g 23.46 c-h 22.57 BCD 

T4 (700) 22.62 d-h 31.58 ab 26.61 a-e 26.93 A 

T5 (900) 18.50 fgh 27.25 a-d 32.35 a 26.03 AB 

T6 (1100) 18.25 fgh 25.42 a-f 30.21 abc 24.62 ABC 

Mean 18.88 B 25.43 A 25.16 A  

LSD 0.05                               T =3.467                     S =1.789                   T×S=7.341  

	 	 	 	 	 	 .  
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4.4.1.11 Leaf area (cm2) 

Effect of different concentrations of colchicine varied significantly 

concerning the leaf area of rose species at shoot proliferation stage (Table 57). An 

ascending order was noticed with the increase in the level of the colchicine 

concentrations and yielded maximum leaf size in the plants with the treatment of 

colchicine at the rate of 1100 mgl-1. Leaf area of species was significantly different 

from each other. Maximum leaf area was observed in R. gruss an teplitz (1.06 cm2) 

at 700 mgl-1 of colchicines while in case of R. centifolia (0.96 cm2) and R. 

borboniana (1.56 cm2) it was maximum at 1100 mgl-1. After acclimatization 

statistical analysis of data presented a significant difference for leaf area among 

various concentrations of colchicine as shown in Table 58. Leaf area was increased 

with the increase in the concentrations. All treatments resulted bigger leaves than 

control. However leaf area of R. gruss an teplitz was significantly different from 

other two species. Size of the leaves of the plants treated with 900 mgl-1 colchicine 

was maximum in R. centifolia  (12.43 cm2) followed by R. borboniana (11.94 cm2) 

and R. gruss an teplitz (9.31 cm2) respectively. 

Anatomical changes in the characteristics of leaves that generally correlate 

with level of ploidy in plants might be due to the increase in size of cell (Dwivedi 

et al., 1986). Colchicine induced tetraploidy which resulted in larger pallisade cells, 

significantly increases leaf area. It induces changes and cause an increases in cell 

size (Fagerberg et al., 1990). Leaf area increase is one of the remarkable 

characteristic features of the polyploids (Zhang et al.. 2007). Shao et al. (2003) also 

demonstrated an increased area of the leaves of ployploids. El-Morsy (2009) 

examined that the morphological changes like leaf size in colchicine induced  
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Table 57.  Effect of colchicine on  leaf area (cm2) of rose species during  

shoot proliferation stage 

 

Table 58. Effect of colchicine on leaf area of rose species during 

acclimatization stage  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 0.60 jk 0.48 k 0.85 e-i 0.64 E 

T1 (100) 0.72 hij 0.63 jk 1.00 cde 0.78 D 

T2 (300) 0.74 g-j 0.64 jk 1.02 cde 0.80 CD 

T3 (500) 0.88 d-i 0.70 ij 1.07 bcd 0.88 C 

T4 (700) 1.06 bcd 0.72 hij 1.18 bc 0.99 B 

T5 (900) 0.92 d-g 0.90 d-h 1.22 b 1.01 AB 

T6 (1100) 0.77 f-j 0.96 def 1.56 a 1.10 A 

Mean 0.81 B 0.72 C 1.13 A  

LSD 0.05                                    T =  0.091              S =   0.047           T×S  =  0.193 

	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 5.69 j 8.48  ghi 9.57  e-i 7.91  D 

T1 (100) 5.49 j 10.01 d-h 10.00 d-h 8.50  D 

T2 (300) 7.94 i 10.53 b-f 10.22 c-g 9.56  C 

T3 (500) 8.34 hi 11.16 a-e 10.49 b-f 10.00 BC 

T4 (700) 9.22 f-i 11.81 a-d 11.00 a-f 10.68 AB 

T5 (900) 9.31 e-i 12.43 a 11.94 abc 11.22 A 

T6 (1100) 8.16 hi 12.16 ab 10.91 a-f 10.41 ABC 

7.73 B 10.94 A 10.59 A  

LSD 0.05                              T =  0.881                 S = 0.455                  T×S = 1.867  

	 	 	 	 	 .  
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tetraploid plants are significantly better than the diploid plants. Like our results in 

tetraploids of alstromeria leaf area was greater than that of diploid ccouterpart 

(Ishikawa et al., 1999). Despite phenotypic alterations usually occurring in 

response to changes in level of polyploidy, the degree to which a specific polyploid 

displays them varies commonly between species and genotypes (Riddle et al., 

2006). 

4.4.1.12 Leaf color 

Among different treatments non significant difference was observed in the 

leaf lightness (L*) of rose species. Minimum leaf lightness was measured at 1100 

mgl-1 of colchicine. Among the speices there was also non significant difference. 

Similarly interaction of rose species and treatments also exhibited non significant 

results as presented in Table 59. 

Significant results among different treatments of colchicine were achieved 

concerning the a* values (Table 60). Value was decreased with the increase in the 

value of colchicine. More green color was recorded at the highest dose of 

colchicine. a* values was decreased with an increase in the value of colchicine so 

deeper green color was recorded at the highest dose in R. gruss an teplitz,              

R. centifolia and R. borboniana. 

Rose species showed significantly lower values at highest doses of 

colchicine as compared to all other treatments (Table.61). Minimum value of b* 

was recorded at 1100 mgl-1 of colchicine. Significant difference was noticed in rose 

species treated with colchicine. Minimum value 3.45, 3.22 and 2.04 was recorded 

in R. gruss an teplitz, R.centifolia and R. borboniana respectively at 1100 mgl-1 

while highest 9.02, 5.23 and 3.93 in control 
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Table 59.  Effect of colchicine on lightness (L*) in leaves of rose species 

during acclimatization  

 

Table 60.  Effect of colchicine on a* values in leaves of rose species during  

acclimatization  

  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 14.25 a 10.47 ab 9.48  b 11.40 AB 

T1 (100) 12.99 ab 9.43  b 11.31 ab 11.24 AB 

T2 (300) 11.89 ab 11.89 ab 11.89 ab 10.53 AB 

T3 (500) 9.94  b 11.12 ab 10.53 ab 11.89 A 

T4 (700) 9.78  b 11.02 ab 10.40 b 10.40 AB 

T5 (900) 9.90  b 11.14 ab 10.52 ab 10.52 AB 

T6 (1100) 9.47  b 10.15 b 9.81   b 9.81   B 

Mean  11.17 A 10.75 A 10.56 A  

LSD 0.05                              T = 1.806                    S = 0.932                 T×S  = 3.823  

	 	 		 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 2.86 a 1.92 bc 2.24 b  2.34 A 

T1 (100) 1.92 bc 1.84 bcd 1.73 cde  1.83 B 

T2 (300) 1.61 c-f 1.60 c-f 1.46 c-h 1.56 C 

T3 (500) 1.15 f-i 1.31 e-h 1.08 g-j  1.18 D 

T4 (700) 1.37 d-h 0.98 hij 1.03 g-j  1.12 D 

T5 (900) 1.49 c-g 0.72 ij 0.96 hij  1.06 D 

T6 (1100) 1.43 c-h 0.15 k 0.64 jk  0.74 E 

Mean  1.69 A 1.22 B 1.30 B  

LSD 0.05                             T = 0.237                     S = 0.122                 T×S =  0.502  

	 	 	 	 	 .  
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Table 61.  Effect of colchicine on b* values in leaves of rose species during 

acclimatization   

 

Table 62.  Effect of colchicine on chroma(C*) values in leaves of rose 

species during acclimatization 

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

TO (0) 9.02 a 5.23 bcd 3.93 c-h 6.06 A 

T1 (100) 6.10 b 5.10 bcd 3.17 d-h 4.79 B 

T2 (300) 5.49 bc 4.96 b-e 2.98 e-h 4.47 BC 

T3 (500) 4.30 b-g 4.66 b-f 2.61 fgh 3.85 BCD 

T4 (700) 4.02 b-h 4.16 b-g 2.41 gh 3.53 CD 

T5 (900) 4.21 b-g 3.83 c-h 2.38 gh 3.47 D 

T6 (1100) 3.45 c-h 3.22 d-h 2.04 h 2.90 D 

Mean 5.23 A 4.45 B 2.79 C  

LSD0.05                           T =  0.994                       S = 0.513                  T×S = 2.105 

	 	 	 	 	 	 .  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 9.47 a 5.59 bcd 4.53 b-f 6.53 A 

T1 (100) 6.41 b 5.44 bcd 3.62 d-g 5.16 B 

T2 (300) 5.73 bc 5.22 b-e 3.32 efg 4.75 BC 

T3 (500) 4.45 b-f 4.85 b-e 2.82 fg 4.04 CD 

T4 (700) 4.26 c-f 4.28 c-f 2.62 fg 3.72 DE 

T5 (900) 4.48 b-f 3.90 c-g 2.57 fg 3.65 DE 

T6 (1100) 3.73 c-g 3.22 efg 2.13 g 3.03 E 

Mean 5.50 A 4.64 B 3.09 C  

LSD 0.05                               T = 0.951                          S =  0.491          T×S = 2.015  

	 	 	 	 	 	 .  
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Table  63.  Effect of colchicine on hue angle (h°) in leaves of rose species 

during acclimatization 

  

Colchicine  

(mgl-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 72.39 bcd 68.67 c-f 60.32 f 67.13 C 

T1 (100) 72.41 bcd 68.83 c-f 61.05 ef 67.43 C 

T2 (300) 73.56 bc 71.60 b-d 63.82 def 69.66 BC 

T3 (500) 74.92 bc 73.89 bc 66.84 c-f 72.09 AB 

T4 (700) 71.00 bcd 75.60 bc 67.47 c-f 71.15 BC 

T5 (900) 70.24 b-e 78.84 ab 67.87 c-f 72.32 AB 

T6 (1100) 67.49 c-f 87.35 a 72.62 bcd 75.82 A 

Mean 71.72 B 74.97 A 65.71 C  

LSD 0.05                               T = 4.516                     S = 2.330                T×S  = 9.562   

	 	 	 	 	 .  
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Treatment means in Table 62 indicate highly significant impact on the chroma (c*) 

in the color of leaves of rose. Least changes in c* (6.53) were found in the leaves of 

roses in control treatment. While, maximum decrease in c* (3.03) was registered by 

leaves of the plants treated with colchicine 1100 mgl-1. Treatment means showed 

consistent decrease in value of chroma in leaves with increase in colchicine 

concentration. Maximum decrease in chroma value i.e 3.73, 3.22 and 2.13 was 

noted at 1100 mgl-1 of colchicine. 

Results pertaining to hue angle (h°) showed that leaves of rose species had 

increased h° value (75.82) as compared to rest of treatments (Table 63). While 

highest value was observed in the plants treated with colchicine with 1100 mgl-1. 

Leaf color hue angle (h°) values were significantly different in three rose species. 

Minimum value was exhibited in all rose species in control while it was increased 

with the increase in the value of colchicine in solution. 

Polypoids usually have a green deeper color (Eeckhaut et al., 2002). Since 

polypoidization also results in the duplication of gene products, phenotypic variants 

having deeper color can be produced (Gao et al., 1996). Like our results Liu et al., 

2007 also produced  plants  of Platanus acerifolia  by using 0.3 to 0.4 % colchicine 

which have  the leaf darker green in appearance than those of the diploids. 

Autopolyplioids are , in general results an increase in cell size and often increase in 

the darkness tetraplois plants of the same genetic stock (Carl et al., 1990). The 

higher b* values depicted chlorophyll degradation have been started with the 

initiation of carotenoids (Addoms et al., 1930). 

4.4.1.13 Flower size (cm) 

Among different treatments significant increase in size was observed in flower  
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size of rose species as shown in Table 64. Maximum increase (6cm) was found at 

1100 mgl-1 of colchicine (Fig 18&19). Two species showed non significant 

difference regarding size of flowers. However, interaction of R. gruss an teplitz 

with treatment depicted significant results and attained maximum size (6.12 cm) 

with colchicine at 1100 mgl-1 as compared to control (4.79 cm). R. centifolia 

resulted non significant increase in size of flowers.  

Colchicine inhibit formation of the spindle during cell division, causing 

chromosome doubling (Singh, 2003). Polyplioids increase cell size of various plant 

parts such as flowers (Carl et al., 1990). It can result in a broad range of effects on 

plants, including significant flowers enlargement (Predieri, 2001). A significant 

feature displayed by the tetraploids is that of a considerable increase in flower 

diameter. This in fact was an important alteration in an ornamental plant. Flower 

size increase in tetraploids has also been reported in other plants where induction of 

polyploidy improved flower size (Shao et al., 2003; Han et al., 2009). This increase 

in ploidy level associated with increase in flower size was also reported in 

rhododendrons and intensified flower colors in carnation and cyclamen 

(Yamaguchi, 1989). A high percentage of bulblets of colchicine induced tetraploid 

of  lilium  longiflorum eventually producing plants with flowers considerably larger 

than those borne on diploid plants (Emsweller, 1948).  

4.4.1.14 Flower color 

Different concentrations of colchicine  interacted significantly with the 

species regarding lightness (L*). Minimum L* value was obtained by R. gruss an 

teplitz (28.13) with colchicine at 1100 mgl-1 followed by 30.11 at 900 mgl-1.          

R. centifolia  also secured minimum value (49.49) at 1100 mgl-1 colchicine as 
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shown in Table 65. Flowers of R. gruss an teplitz attained more L* value than R. 

centifolia. Treatment means showed significant results and minimum value (38.81)   

was recorded at 1100 mgl-1.  

Analysis of data revealed that different levels of colchicine significantly 

increased the value of a* of R. gruss an teplitz and R. centifolia at the highest doses 

of colchicine as shown in Table 66. Maximum value of a* (42.69) was recorded at 

the dose of 1100 mgl-1 colchicine. Among the species there was also a significant 

difference regarding a* value. Interaction of treatment showed that R. gruss an 

teplitz (50.86) and R. centifolia (34.52) attained maximum a* at 1100 mgl-1 of 

colchicines (Fig 20&21). 

Statistical analysis showed significant results regarding b* value of flower color as 

shown in Table 67. Non significant result was found in value of b* in case of R. 

gruss an teplitz. However R. centifolia attained maximum value (-1.37 ) at dose of 

1100 mgl-1.Treatment means produced non significant results regarding b* value. 

However significant difference was  obtained in b* value of R. gruss an teplitz and 

R. centifolia.  

Results pertaining to chroma (c*) were found significantly different among 

the treatments (Table 68). Data collected revealed minimum value in control while 

maximum value was found at 1100 mgl-1 of colchicine. R. gruss an teplitz depicted 

significantly better chroma value than R. centifolia. R. gruss an teplitz and R. 

centifolia gave maximum value 51.14 and 34.67 respectively at 1100 mgl-1 of 

colchicine. 

Statistical analysis presented a non significant difference for hue angle (h0) 

among various treatments of colchicine at 0.05 level of probability (Table 69). 
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Table  64.  Effect of colchicine on flower size (cm) of rose species  

Colchicine 

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

T0 (0) 4.79 b 5.23 ab 5.01 B 

T1 (100) 4.97 ab 5.24 ab 5.10 B 

T2 (300) 5.32 ab 5.35 ab 5.33 AB 

T3 (500) 5.66 ab 5.36 ab 5.51 AB 

T4 (700) 5.24 ab 5.59 ab 5.41 AB 

T5 (900) 5.98 ab 5.53 ab 5.75  AB 

T6 (1100) 6.12 a 5.88 ab 6.00  A 

Mean  5.44 A 5.45 A  

LSD 0.05                                       T = 0.812            S =  0.282            T×S =  1.319 

	 	 	 	 .  

 

Table 65.  Effect of colchicine on lightness (L*) in flowers of rose species  

Colchicine 

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

T0 (0) 37.35 d 69.13 a 53.24  A 

T1 (100) 37.67 d 69.30 a 53.49  A 

T2 (300) 35.82 de 65.88 ab 50.85 AB 

T3 (500) 35.59 de 62.52 ab 49.05 ABC 

T4 (700) 34.63 de 59.07 b 46.85  BC 

T5 (900) 30.11 de 57.38 bc 43.75  CD 

T6 (1100) 28.13 e 49.49 c 38.81   D 

Mean  34.19 B 61.82 A  

LSD 0.05                                     T = 5.410                  S =  1.884                 T×S =  

8.786 

	 	 	 	 	 .  
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 Table 66.  Effect of colchicine on a* value in flowers of rose species  

Colchicine 

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

T0 (0) 38.58 b-f 28.14 g 33.36 B 

T1 (100) 39.99 b-e 31.65 d-g 35.82 B 

T2 (300) 41.82 a-d 29.19 fg 35.50 B 

T3 (500) 38.44 b-g 29.72 efg 34.08 B 

T4 (700) 42.69 abc 29.26 fg 35.97 B 

T5 (900) 47.14 ab 32.19 d-g 39.67 AB 

T6 (1100) 50.86 a 34.52 c-g 42.69 A 

Mean  42.79 A 30.67 B  

LSD 0.05                                     T =6.361                    S =2.215         T×S =  10.330 

	 	 	 	 	 	 .  

 

Table 67.  Effect of colchicine on b* value in flowers of rose species  

Colchicine 

(mgl-1) 

Rose species 

Mean 
R. gruss an teplitz R. centifolia  

T0 (0) 8.29 a -8.50 c -0.10 A 

T1 (100) 7.95 a -9.35 c -0.70 A 

T2 (300) 8.60 a -7.34 c 0.62  A 

T3 (500) 7.36 a -7.15 c 0.10  A 

T4 (700) 6.26 a -5.35 bc 0.45  A 

T5 (900) 6.26 a -6.70 c -0.22 A 

T6 (1100) 5.22 a -1.37 b 1.92  A 

Mean  7.13 A -6.54 B  

LSD 0.05                               T = 2.773                     S =  0.965            T×S = 4.504 

	 	 	 	 	 	 .  
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Table  68.  Effect of colchicine on chroma (c*) in flowers of rose species  

Colchicine 

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

T0 (0) 39.47 b-e 29.46 e 34.46 B 

T1 (100) 40.83 bcd 33.05 cde 36.94 AB 

T2 (300) 42.72 a-d 30.13 e 36.43 B 

T3 (500) 39.15 b-e 30.63 e 34.89 B 

T4 (700) 43.16 abc 29.76 e 36.46 B 

T5 (900) 47.58 ab 32.93 de 40.25 AB 

T6 (1100) 51.14 a 34.67 cde 42.90 A 

Mean  43.44 A 31.52 B  

LSD 0.05                               T =6.2750                 S = 2.1851             T×S =  10.191 

	 	 	 	 	 .  

 

Table  69.  Effect of colchicine on hue angle (h0)  in flowers of rose species 

 

Colchicine 

(mgl-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia  

T0 (0) 12.21 a -17.15 c -2.47 A 

T1 (100) 11.31 a -16.65 c -2.66 A 

T2 (300) 11.53 a -14.13 c -1.29 A 

T3 (500) 10.94 a -13.67 c -1.36 A 

T4 (700) 8.30  a -10.36 bc -1.02 A 

T5 (900) 7.66  a -11.99 c -2.16 A 

T6 (1100) 5.79  a -2.45  b 1.66  A 

Mean  9.68  A -12.34 B  

LSD 0.05                               T =4.9170      S =1.7123        T×S =  7.9852 

	 	 	 	 	 	 .  
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However, a significant difference in hue angle of rose species was found. 

Interaction of treatment and R. gruss an teplitz species also shown non significant 

difference. Howevever R. centifolia resulted significant difference (1.66) at 1100 

mgl-1 of colchicine as compared to control (-17.15). 

Since polyploidization also results in the duplication of gene products, 

phenotypic variants having deeper color can be found (Gao et al., 1996). Number 

of chromosomes of a plant increases the number of genes and thus changes 

isozyme diversity and activity of enzymes. This can influence the pathways of 

biosynthesis. Induction of polyploidy increase secondary metabolites quantities and 

also changed them qualitatively (Bertea et al., 2005; Saharkhiz, 2007). Similarly in 

cyclaman depth of flower color of tetraploids was greater than that of diploids 

(Takamura and Miyajima, 1996). Induced polyploidy intensified flower colors in 

carnation and cyclamen was also found (Takarnura and Miyajima, 1996; 

Yamaguchi, 1989). There are genes responsible for the production of enzymes of 

biosynthesis of anthocyanins. In many cases a single gene mutation results in the 

accumulation of indirect compounds, which leads to a change in flower  colour 

(Onozaki et al. 1999, Selinger and Chandler, 1999, Kobayashi et al., 2001). 

4.4.1.15 Variegation  in flowers 

Along with the variation in flower color and size some mutants were also 

obtained in R. gruss an teplitz. There were two variegated flowers with pink and 

red petals in same flower of R. gruss an teplitz and one flower with serated petals. 

Moreover, there was one unique flower with two flowers in one floral bud having 

two different stamens as shown in Fig 22. Most of mutants were obtained in the 

form of chimeras. 
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Variegation can be produced in individuals which are mixtures of two or 

more different cell types. Variegated plants are probably the common types of 

chimeras, and definitely the most convenient example to use in presenting the basic 

idea. Chimeras are most common in plants and are easily produced by the 

treatment of different tissues by colchicine (Sarin, 2006). In chimeric tissue, along 

with the normal cell mutated cells are present. During succeeding cell division, for 

survival a competition of the mutated cells occurs with the surrounding normal 

cells. If these mutated cells survive in diplotic selection, they expressed in plants 

(Datta et al., 2005). Chimerism is the main constraint in mutation breeding of 

vegetatively grown crops (Benetka, 1985). Variegation can be caused by mutations 

in the mitochondrial genes, the plastid genes or the nuclear genes. Most of the 

mutations which affect pigmentation, including variegation, occur in nuclear genes 

(Rhoades, 1943).  
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Fig 14.   Mortality of R. gruss an teplitz (A), R. centifolia (B) and R. 

borboniana (C) at 1100 mgl-1 colchicine  

 

   Fig 15.   Leaf abnormalities in R. gruss an teplitz (A), R. centifolia (B)and 

R. borboniana (C) at 1100 mgl-1 of colchicine  

B CA A  B  C 

A  B CA  B  C 
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Fig 16.  Maximum plant height of R. gruss an teplitz at 1100 mgl-1 (A) while  R. 

centifolia (B) and R. borboniana (C) at 900 mgl-1 of colchicine as 

compared to control (Left) 

 

 

Fig 17.  Maximum plant height of R. gruss an teplitz at 1100 mgl-1 (A) while  

R. centifolia (B) and R. borboniana (C) at 900 mgl-1 of colchicine as 

compared to control (Left) 

A  B  C 

B  C A 
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Fig 18.  Effect of colchicine (B) on flower size of R. gruss an teplitz as 

compred to control (A) 

 

 

 

 

 

 

Fig 19.  Effect of colchicine (B) on flower size of R. centifolia as compred 

to control (A) 

  

A  B 

B A 
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Fig 20.  Effect of colchicine on flower color (B) of R. gruss an teplitz as 

compared to control (A) 

 

 

Fig 21.  Effect of colchicine on flower color (B) of R. centifolia as 

compared to control (A) 

   

A  B 

A  B 
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Fig 22.  Mutant flowers (B, C, D, E & F) obtained through colchicine 

solution and control (A) 

   

A  B C 

D  E F 
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4.4.2 B.  In Vitro Mutation through Colchicine Medium  

4.4.2.1 Culture survival %age 

Effect of different concentrations of colchicine at shoot proliferation stage 

varied significantly concerning the survival percentage of rose species (Table 70). 

A declining trend was observed with the increase in the colchicine concentrations 

and minimum survival percentage (87.43%) was recorded at 450 mgl-1 of 

colchicine. Survival was reduced with the increase in the concentration and 

incubation period. Least survival percentage (82.88 %) was examined in R. gruss 

an teplitz at 450 mgl-1 of colchicine with a incubation period of 11 days in medium 

(Fig. 23). Similar results were also produced in R. centifolia and R. borboniana 

giving 82.50 and 82.00 % survival respectively with 11 days of incubation in 

medium supplemented with 450 mgl-1 of colchicine. Survival of R. borboniana  

was significantly different from R. gruss an teplitz and R. centifolia. 

Data recorded at acclimatization stage regarding survival percentage 

depicted significant results as shown in Table 71. Maximum survival percentage 

(96.76%) was recorded in untreated plants while minimum (66.49%) at the highest 

dose of 450 mgl-1 of colchicine. R. centifolia, R. borboniana and R. gruss an teplitz 

yielded 63.75, 60.12 and 52.50 % survived plants incubated for 11 days in the 

medium fortified with 450 mgl-1 of colchicine. Mean of species also depicted a 

significant results having different survival percentage of plants during 

acclimatization. 

 Several studies have also shown an increase in mortality of colchicine 

treated seedlings (Beck et al., 2003; Rubuluza et al., 2007). Shoot tips 
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Table 70.  Effect of colchicine on survival percentage of rose species during shoot proliferation stage 

 

Colchicine 

(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean 	    

5  7  11  5   7  11  5 7  11  

T0 (0) 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 A 

T1 (100) 100.00 a 100.00 a 100.00 a 98.75  ab 97.50 ab 96.25  abc 100.00 a 100.00 a 98.75  ab 99.03  AB 

T2 (150) 100.00 a 100.00 a 98.75 ab 98.75  ab 96.25 abc 93.75  a-e 98.75  ab 97.50  ab 97.50  ab 97.92  B 

T3 (300) 100.00 a 90.13  c-g 88.38 e-h 97.50  ab 95.00 a-d 92.63  b-f 90.13  c-g 88.81  d-h 87.00   f-i 92.17  C 

T4 (450) 95.25  abc 85.75  ghi 82.88 hi 96.25  abc 90.00 c-g 82.50  hi 85.75  ghi 86.50  f-i 82.00   i 87.43  D 

Mean           96.07  A          95.67  A            94.17   B  

LSD 0.05                                               T = 1.459                                                  S = 0.971                                               T×I×S = 6.321 

	 	 	 	 	 	 	 .  



138 
 

 

Table 71.  Effect of colchicine on survival percentage during accilimitization stage 

 
 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean    

5 7 11 5 7 11 5 7 11 

TO (0) 94.62 a-e 96.25 abc 95.00 a-d 98.75 a 96.56 abc 96.25 abc 97.43 ab 98.37 a 97.62 ab 96.76 A 

T1 (100) 86.43 e-j 88.91 c-h 82.50 g-l 90.90 a-f 89.58 b-h 78.26 j-n 90.66 a-g 91.24 a-f 82.38 h-m 86.76 B 

T2 (150) 80.00 i-n 87.55 d-i 72.25 n-r 90.00 b-h 86.11 f-k 72.22 n-r 87.00 d-i 88.83 c-h 74.23 m-p 82.02 C 

T3 (300) 78.50 j-n 66.00 q-t 63.50 st 88.80 c-h 84.23 f-l 65.62 rst 85.65 f-k 77.11 l-o 66.56 p-t 75.10 D 

T4 (450) 78.18 k-n 65.85 q-t 52.50 u 65.62 rst 69.06 o-s 63.75 st 73.90 n-q 69.45 o-s 60.12 tu 66.49 E 

Mean          79.20 B          82.38 A           82.70 A  

LSD 0.05                                            T = 1.894                                               S = 1.260                                             T×I×S = 8.202   

.  
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survival rates affected by the colchicine concentration and the treatment duration.  

High colchicine doses and treatmet for long period reduced survival 

percentage of shoot tips. According to Phuong Thao et al. (2003) higher 

concentration and longer duration reduced survival of the shoot tips. Particularly 

colchicine at 0.1% was very toxic with the death of all explants. Addink (2002) 

reported that colchicine treatment with too high concentration can hinder the 

growth of living part causing mortality of organism. Too high concentration with 

long treatment duration, however, will direct to the development of very few plants 

due to toxicity (Hansen, 2000).  Lea (1947) and Sax (1942) have depicted that 

plants survival upto maturity depend on the extent and nature of damage to 

chromosomes. Increasing occurence of damage to chromosomes with increase in 

the doses may be cause of less reduction in plant survival and growth. Our results 

are also confirmed by Hewawasam et al. (2001) who observed that the survival rate 

of regenerated plants of crossandra dropped further with increased dosage within 

one month after acclimatization. However, the plants which withstood both the 

mutagenic effect and the environmental diversities for another three months under 

normal plant house conditions survived till flowering. 

4.4.2.2 Number of shoots 

Effect of different concentrations of colchicine varied significantly 

concerning the number of shoots per explants. A declining trend was examined 

with increase in colchicine concentrations as shown in Table 72. Minimum number 

of shoots 1.23 was produced at 450 mgl-1 of colchicine. Among species R. gruss an  
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Table 72.  Effect of colchicine on number of shoots of rose species during shoot proliferation stage

Colchicine   
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

     5  7  11  5  7  11  5  7  11  

TO (0) 1.82 k-o 1.85 k-n 1.80 k-p 2.87 bcd 2.75 c-f 2.81 b-e 3.33 a 3.21 ab 3.12 abc 2.62 A 

T1 (100) 1.70 l-s 1.40 n-u 1.25 stu 2.55 d-h 2.37 e-i 2.32 f-j 2.66 d-g 2.37 e-i 1.78 l-q 2.04 B 

T2 (150) 1.72 l-r 1.32 r-u 1.21 tu 2.25 g-k 2.07 i-l 1.90 j-m 2.10 h-l 2.07 i-l 1.55 m-t 1.80 C 

T3 (300) 1.45 m-u 1.25 stu 1.30 r-u 1.50 m-t 1.35 p-u 1.45m-u 1.47 m-t 1.38o-u 1.37 o-u 1.39 D 

T4 (450) 1.20 tu 1.00 u 1.20 tu 1.30 r-u 1.35 p-u 1.22 tu 1.33 q-u 1.32 r-u 1.21 tu 1.23  E 

Mean 1.43 B 2.00 A 2.02 A  

LSD 0.05                                         T = 0.1053                                           S = 0.0701                                    T×I×S = 0.4560  

	 	 .  
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teplitz  produced less number of shoots than R. centifolia and R. borboniana. Statistical 

analysis showed that number of shoots was reduced in R. gruss an teplitz with 

incubation time and colchicine concentration. It produced less number of shoots at 450 

mgl-1 of colchicine incubated for 7 (1.00) and 11 days (1.20). R. centifolia and R. 

borboniana  yielded least number of shoots when plants were treated with colchicine 

at 450 mgl-1 and incubated for 11days in the medium before transferring to the normal 

shoot proliferation medium. 

Kadota and Niimi (2002) also reported inferior results regarding this 

proliferation rate of shoot cultures subjected to colchicine as compared to control 

individuals. Our results are also in conformity with  Hewawasam et al. (2004) who 

reported that colchicine treated plants of crossandra, increased branch number (bushy 

habit) at lower concentrations (0.03% ), which again decreased with increase in doses. 

Raghuvanshi and Singh (1974) reported same results in Trigonella foenumgraecum, 

which showed a bushy habit from colchicine treated population. However, our results 

are not in line with Thao et al. (2003) and Roy et al. (2001) who observed 10-15 

shoots of crape myrtle in proliferation medium as most polyploidized cells could 

initiate new shoots. Kermani et al. (2003) and Shao et al.  (2003) also reported 

increase in the number of branches by increment in incubation times and 

concentrations of ploidy inducing agents. 

4.4.2.3 Percentage of plants showing leaf abnormalities 

The data regarding percentage of plants showing leaf abnormalities indicates 

significant interaction between rose species, incubation period and colchicine  
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concentrations at p< 0.05 (Table 73). Plants showing leaf abnormality were increased 

with the increase in the concentration of colchicine. Maximum number of plants 

showing leaf abnormality was noticed in R. centifolia followed by R. borboniana and 

R. gruss an teplitz with incubation period of 11days in the medium having 450 mgl-1 of 

colchicine as illustrated in Fig 24. Significant difference was recorded in plants 

showing leaf abnormality among three species. R. gruss an teplitz presented more 

number of plants showing abnormal leaves followed by R. centifolia and R. 

borboniana.  

Fundamental cause of abnormality in plant growth is associated with non-

heritable physiological disturbances and growth substances induced by treatment with 

colchicine. Leaf abnormalities were common in colchicine treated populations (Datta 

and Basu, 1977; Datta 1988). The occurence of such abnormalities in leaves in the 

colchicine treated populations might be due to chromosomal aberrations (Datta, 1997). 

Abnormal leaves percentage increased with increase in the concentration of colchicine 

(Hewawasam et al., 2001). This was also supported by Yan (2001) who dipped shoot 

tips of wax flower in colchicine and found deformation of the new growth but it was 

only transitory, later growth was normal. Abnormalities and inhibition in growth after 

colchicine treatment sustained for more than one month after which survived plants 

restartd normal growth and development. However, in many species, colchicine also 

causes side effects such as abnormality in growth and morphology, chromosomal 

rearrangements or losses and gene mutation (Wan et al., 1989). 
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4.4.2.4 Culture rooting percentage 

Data presented in Table 74 exhibited a significant interaction (p< 0.05) among 

colchicine concetntration, incubation period and rose species. Culture rooting 

percentage was decreased with increase in incubation period and colchicine 

concentrations. Minimum rooting percentage (82.50%) was observed in the plants of 

R. gruss anteplitz in the medium incubated for 11 days with colchicine concentration 

of 450 mgl-1 followed 84.16% by the same concentration with incubation period of 7 

days. Similarly minimum culture rooting percentage was examined in R centifolia 

(52.50 and 66.25%) and R. borboniana (78.75 and 78.75%) at 450 mg-1 of colchicne 

with incubation period of 11 and 7 days respectively. Treatment means represented a 

declining trend in culture rooting percentage with the increase in concentration of 

colchicine in medium. Maximum rooting percentage was recorded in the untreated 

plants than treated ones. Culture rooting percentage was significantly different among 

all these three species. 

At rooting stage, untreated shoots of Crossandra showed better rooting ability 

giving the highest percentage of rooting within shortest time period in hormone free 

MS medium than treated shoots with colchicine. The probable reason for this 

observation could be the necessary endogenous hormone balance required for rooting 

in untreated shoots that could have been maintained in the hormone free medium. 

Increasing dosage of mutagens caused root development to be postponed giving poor 

percentage of rooting (Hewawasam et al., 2001). Destruction and inactivation of 

exogenous auxin balance by colchicine have also earlier been reported by 
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Table 73.  Effect of colchicine on rose species  showing leaf abnormalities during shoot proliferation stage 

 

 

 

 

 

 

 
 

 

 

Colchicine    
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

TO (0) 0.00 l 0.00 l 0.00  l 0.00 l 0.00 l 0.00  l 0.00 l 0.00  l 0.00  l 0.00 E 

T1 (100) 0.00 l 3.30 j 10.0  f 0.00 l 0.00 l 5.00  i 0.00 l 0.00  l 0.00  l 2.03 D 

T2 (150) 5.00 i 5.00 i 11.65 e 0.00 l 5.00 i 11.63 e 0.00 l 3.32  j 3.32  j 4.99 C 

T3 (300) 5.62 hi 6.33 hi 11.64 e 1.33 kl 1.33 kl 18.15 b 0.00 l 5.25  hi 13.00 de 6.96 B 

T4 (450) 6.56 h 8.50 fg 13.33 d 2.50 jk 8.30 g 20.00 a 1.60 k 10.00 f 15.43 c 9.58 A 

Mean 5.79  A 4.88   B 3.46    C  

LSD 0.05                                             T = 0.3519                               S = 0.2342                                   T×I×S = 1.5235  

	 	 .  
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Table 74.  Effect of colchicine on culture rooting percentage of rose species during in vitro rooting stage   

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

TO (0) 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a 100.00  a 100.00  A 

T1 (100) 100.00 a 100.00 a 100.00 a 100.00 a 95.00  abc 81.25  f 100.00 a 100.00 a 100.00  a 97.36    B 

T2 (150) 100.00 a 100.00 a 98.75  ab 100.00 a 83.75  ef 63.91  h 100.00 a 97.50  abc 93.75  bcd 93.07    C 

T3 (300) 100.00 a 95.00  abc 92.50  cd 96.25  abc 73.75  g 61.25  h 98.75  ab 92.50  cd 88.75 de 88.75     D 

T4 (450) 93.69  bcd 84.16  ef 82.50  f 81.25  f 66.25  h 52.50  i 93.13  cd 78.75  f 78.75  fg 79.36     E 

Mean 96.44 A 83.67 C               95.00 B  

LSD 0.05                                            T = 1.2857                                   S = 0.8558                                                   TXS = 5.5667  

	 .  
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Skoog (1935) and Gordon and Weber (1953) that could be the same reason for this 

inhibitory effect on root development in colchicine treated plantlets. 

4.4.2.5 Number of roots 

Data regarding number of roots recorded at in vitro rooting stage depicted a 

significant result (p< 0.05) as shown in Table 75. Within treatments there was a 

general trend of decrease in number of roots with increase in colchicine concentration. 

Maximum number of roots were measured in untreated plants while maximum at 450 

mgl-1of colchicine. R. gruss an teplitz exhibited a significantly different number of 

roots than R. centifolia and R. borboniana. R. gruss an teplitz produced least number 

of roots at 450 mgl-1 colchicine having incubation period of 7 days (4.28) followed by 

the 11 days (4.35) with the same colchicine concentration. R. centifolia (1.62) and R. 

borboniana yielded minimum number of roots (1.92) in the medium having 300 mgl-1 

of colchicine with incubation period of 11days followed by 450 mgl-1 of colchicine 

with same incubation period. According to Hewawasam et al. (2001) the number of 

roots of crossandra at rooting stage were reduced in colchicine treated plantlets of 

crossandra than control. The probable reason for this observation could be the 

necessary endogenous hormone balance in the hormone free medium required for 

rooting in untreated shoots than colchicine treated plants. Increasing dosage of 

mutagens caused root development to be postponed giving less number of roots per 

plant. Destruction and inactivation of exogenous auxin balance by colchicine have 

earlier been reported by Skoog (1935) and Gordon and Weber (1953). That could be 
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the same reason for this inhibitory effect on root development in colchicine treated 

Crossandra plantlets.  

4.4.2.6 Root length 

Data representing the effect of different colchicine concentrations evident 

significant results on the length of roots at the probability level of 0.05 (Table 76). 

Maximum length of roots (1.96 cm) was obtained at control followed by the 

succeeding root length (1.78 cm) at 100 mgl-1 colchcicine. A declining trend was 

noticed in the root length with the increase in colchicine concentration. Minimum root 

length was exhibited at the highest dose of 450 mgl-1 colchicine. Root length of  R. 

gruss an teplitz was better than R. centifolia and R. borboniana. Interaction of 

incubation and treatment produced minimum length of roots in case of R. borboniana 

(0.74cm) at 450 mgl-1 colchicine for 11 days followed by 0.91cm in in the same 

medium for 7 days. Similarly, R. gruss an teplitz and R. centifolia also produced least 

length of roots ie 0.88 and 1.05cm respectively at 450 mgl-1 colchicine with incubation 

time of 11 days. 

Destruction and inactivation of exogenous auxin balance by colchicine have 

earlier been reported by Skoog (1935) and Gordon and Weber (1953). That could be 

the same reason for this inhibitory effect on root development in colchicine treated 

plantlets in this experiment. Ajalin et al. (2002) and Shao et al. (2003) observed that 

the radicles of the control seedlings were significantly longer than those of plants 

treated with various colchicine concentrations in both C. palmate and L. sphaerica. 
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Table 75.  Effect of colchicine on number of roots of rose species during in vitro rooting stage 

 

 

Colchicin
e  (mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean  	    

5  7  11  5  7  11  5  7  11  

T0 (0) 8.82 ab 8.95 a 8.57 abc 5.70 g-n 6.07 f-l 5.80 g-m 6.12 e-l 6.00 f-l 6.07 f-l 6.90 A 

T1 (100) 8.50 abc 8.50 abc 8.47 abc 6.75 c-i 4.45 k-r 3.81 o-r 7.05 b-i 4.75 j-q 4.11 m-r 6.26 B 

T2 (150) 8.20 a-d 8.16 a-d 8.15 a-d 7.95 a-e 5.65 g-o 3.57 p-s 8.25 a-d 5.95 f-m 3.87 n-r 6.64 AB 

T3 (300) 7.50 a-g 6.40 d-j 6.16 e-k 7.40 a-h 4.10 m-r 1.62 t 7.70 a-f 4.40 k-r 1.92 st 5.24 C 

T4 (450) 6.91 c-i 4.28 l-r 4.35 k-r 5.30 i-p 2.90 q-t 2.75 rst 5.60 h-o 3.20 q-t 3.05 q-t 4.26 D 

Mean         7.46 A         4.92 B          5.20 B  

LSD 0.05                                       T = 0.4323                                    S = 0.2878                                           T×I×S = 1.8720  

	 	 .  
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Table 76.  Effect of colchicine  on root length of rose species during in vitro rooting stage

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

T0 (0) 1.89 a-d 1.88 a-e 1.88  a-e 1.99  a 1.99 ab 1.98 abc 2.00 a 1.99  ab 2.01  a 1.96  A 

T1 (100) 1.87 a-e 1.82 a-f 1.62  d-h 1.87 a-e 1.86 a-e 1.87 ae 1.75 a-g 1.69  a-h 1.64 b-h 1.78   B 

T2 (150) 1.63  d-h 1.59 d-i 1.60  d-h 1.68 a-h 1.49  f-k 1.38 h-n 1.63 c-h 1.53   e-j 1.47 g-l 1.55  C 

T3 (300) 1.45  g-m 1.37 h-n 1.34  h-n 1.24 i-o 1.19  j-p 1.16 k-p 1.34  h-n 1.25  i-o 1.08 n-q 1.27  D 

T4 (450) 1.20   j-p 1.12  l-p 0.88  pq 1.15 k-p 1.11 m-p 1.05 n-q 1.06  n-q 0.91  opq 0.74  q 1.02  E 

Mean          1.54 A                1.53 A             1.47  B  

LSD 0.05                                                 T =   0.081                                              S = 0.054                                         T×I×S = 0.351 

	
	 .  
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The results agree with reports of Ajalin et al. (2002) and Shao et al. (2003) who 

explained that hypocotyls of colchicine treated plants became thicker and shortened.  

Gao et al. (1996) also reported one third root length of diploids as compared to 

tetraploids. Similar results were also reported by Shao et al, (2003) who noticed 

shorter roots in in vitro polyploids. 

4.4.2.7 Plant height and shoot length (cm) 

Results indicate that different colchicine concentrations interacted significantly 

with incubation period and rose species at p < 0.05 in terms of shoot length attainment 

at shoot proliferation stage (Table 77). The most superior interaction was observed in 

colchicine (450 mgl-1) treatments with incubation period of 11 days in R. borboniana 

which  gained the maximum length 3.18 cm  while R. gruss an teplitz and R. centifolia 

on the same treatment achieved 3.07 and 2.90 cm shoot length respectively. Average 

mean of treatment depicted an ascending trend with increase in colchicine 

concentrations and maximum shoot length (2.48 cm) was achieved at 450 mgl-1 of 

colchicine as compared to control (1.85 cm). Shoot length of rose species was 

significantly different from each other. 

Data recorded after acclimatization, depicted that among treatments, colchicine 

at 450 mg-1 bears out best results of 14.33 cm plant height while colchicine at 300   

mgl-1 was second best treatment and established to be better having plant height of 

12.70 cm as shown in Table 78. With the increase in concentration and incubation 

period significant increase in plant height was observed in rose species. R. borboniana 
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Table77.  Effect of colchicine on shoot length of rose species during shoot proliferation stage 

 

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

T0 (0) 2.07 i-p 2.13 h-o 2.13 h-o 1.54 q 1.62 opq 1.60 pq 1.84 m-q 1.85 l-q 1.83 m-q 1.85 D 

T1 (100) 2.15 h-n 2.22 g-n 2.56 b-i 1.71 n-q 1.85 l-q 2.41 c-k 1.93 k-q 2.03 j-q 2.68 a-g 2.17 C 

T2 (150) 2.17 g-n 2.24 f-n 2.76 a-f 1.85 l-q 1.92 k-q 2.42 c-k 1.99 k-q 2.08 i-p 2.79 a-e 2.24 BC 

T3 (300) 
2.34 e-
m 

2.55 b-j 2.89 a-d 1.87 l-q 1.51 q 2.53 c-j 2.10 i-p 2.03 j-q 2.91 abc 2.30 B 

T4 (450) 2.37 d-l 2.65 b-h 3.07 ab 1.86 l-q 1.94 k-q 2.90 abc 2.12 h-p 2.29 e-m 3.18 a 2.48 A 

Mean 2.42  A        1.97    C           2.24   B  

LSD 0.05                                         T = 0.121                                  S = 0.081                                T×I×S = 0.526  

	 .  
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Table 78. Effect of colchicine on plant height of rose species during acclimatization Stage  

 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean  
   

5  7  11  5  7  11  5  7  11  

T0 (0) 8.81   kl 8.75   kl 8.66     kl 10.76 h-l 10.91 h-l 10.77 h-l 11.76 f-j 11.91 f-j 11.77 f-j 10.46 C 

T1 (100) 8.48   l 8.53   kl 8.73     kl 10.35 i-l 10.10 jkl 9.72   jkl 10.95 g-k 10.35 i-l 10.60 i-l 9.760 D 

T2 (150) 9.29   kl 8.79   kl 10.33 i-l 12.63 d-i 13.37 c-g 13.87 c-f 13.63 c-f 14.37 cde
14.87 
bcd 

12.35 B 

T3 (300) 9.81   jkl 9.65   jkl 14.56 cd 12.68 c-i 12.06 e-j 14.63 cd 13.68 c-f 13.06 c-h 14.18 c-f 12.70 B 

T4 (450) 10.70 h-l 10.29 i-l 15.12 bc 13.11 c-h 13.98 c-f 17.23 ab 14.11 c-f 14.98 bcd 19.36 a 14.33  A 

Mean                      10.04 C                       12.41 B                      13.31 A  

LSD 0.05                                            T = 0.566                                S = 0.376                                 T×I×S = 2.450 

	 .  
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yielded maximum plant height of 19.36 cm followed by R. centifolia (17.23cm) and R. 

gruss an teplitz (15.12cm) at colchicne level of 450 mgl-1 with incubation period of 

11days. Plant height of R.gruss an teplitz, R. centifolia and R. borboniana were 

significantly different from each other (Fig. 25). 

Eighteen months after acclimatization among colchicine treated plants taller 

ones were selected. Taller plants in R. gruss an teplitz gave an average height of 56 cm 

as compared to 35 cm height of non treated plants. While R. centifolia and R. 

borboniana gained height of  87 and 92cm respectively with colchicine (1100 mgl-1) as 

compared to 54 and 59 cm height of control plants (Fig 26) 

Colchicine affect on the inactivation of the spindle fiber activity in metaphase 

and the prevention of anaphase which produce polyploids and often generate variants 

that may contain useful characters and produce changes in organ size and plant habit. 

In general, an overall enlargement of cells and plant size has been achieved (Väinölä, 

2000). Effects apart from polyploidization have also been observed using colchicine 

and include gene mutation and chromosomal rearrangements, loss and substitution 

(Luckett, 1989). Plant height of the colchicine induced tetraploid was higher than those 

of diploid plants throughout plant development (Zhang et al., 2010). Cells with a 

larger complement of chromosomes grow bigger in order to maintain cytoplasmic to 

nuclear volume constant ratio and produce more proteins with the presence of more 

genes. This increase in size may cause an increase in plant and its organs (Raufe et al., 

2006). There have been reports that polyploids are bigger than diploids, for example 

Scutellaria baicalensis (Gao et al., 2002). 
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4.4.2.8 Number of nodes 

Statistical analysis showed that number of nodes increased significantly at p < 

0.05 as shown in Table 79. Maximum number of nodes (6.08) was observed in the 

medium supplemented with colchicine at 450 mgl-1. Significant difference in number 

of nodes was observed among species. Number of nodes were significantly better in R. 

centifolia than  R. borboniana and R. gruss an teplitz. Data regarding interaction of 

species, treatment and incubation represented maximum number of nodes (6.93) in R. 

centifolia when plants were incubated in colchicine medium at 450 mgl-1 for 11 days. 

By incubating plants in the colchicine medium for 11 days R. borboniana and R. gruss 

an teplitz yielded highest score 6.85 and 4.80 followed by 6.76 and 4.66 in same 

medium for 7 days.  

Colchicine inhibit formation of the spindle during cell division, causing 

chromosome doubling. A majority of morphological variants observed among the 

regenerated plants are due to chromosomal structural and numerical changes induced 

during the culturing (Singh, 2003). El-Morsy (2009) also reported increase in node 

number in colchicine treated plants. Tetraploid plants of Arabidopsis exhibited that 

increase in polyploidy have a positive result on cell size (Breuer et al., 2007), 

suggesting that increase in DNA content can support cells growth. Increase in 

polyploidy also promote growth of plant organs which have some adjusting 

mechanism for overall organ size. It is generally thought that increase in polyploidy 

cause multiplication of DNA available for gene expression which in turn, boost the 

cells metabolic activity to support more  growth (Leiva-Neto et al., 2004). 
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4.4.2.9 Internodal distance 

Data given in Table 80 shows that internodal distance were significantly 

different among different treatments at p< 0.05. An asceding order was depicted with 

the increase in the level of colchicine concentration in incubation medium. Internodal 

distance was significantly different in three rose species. Interaction of R. borboniana 

with colchicine at 450 mgl-1 and incubation of 11 days produced best result by 

producing maximum internodal distance 2.82 cm as compared to the control value 

2.05cm. R. gruss an teplitz (3.15 cm) and R.centifolia (2.48 cm) also yielded maximum 

internodal distance by producing internodal length 3.15 and 2.48 cm respectively. 

Least internodal distance was noticed in the plants of all three species that were not 

treated with colchicine. 

This increase occor as colchicine induce polyploidy by binding to the tubulin 

dimmers, preventing the formation of microtubules and consequently, spindle fibers 

during cell division (Stanys et al., 2004; Petersen et al., 2003). So, the chromosome 

becomes double, but mitosis still has not occor and results in the polyploid cells due to 

restriction of cell wall formation at this stage. These cells are larger with larger cell 

volume oftenly developed into thicker tissues, resulting in huge plant organs (Rauf et 

al., 2006). Increase in internodal length may be due to the reason of colchicine induce 

polypolidy. Moreover, enhanced photosynthetic capacity in polyploids improves 

growth of the plants (Silvertown and Lovett Doust, 1993). El-Morsy (2009) also 

reported increase in internodal length in the colchicine induced tetraploids. Plant 

architecture altered in the colchicine induced tetraploids and increased main 
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Table 79.  Effect of colchicine on number of nodes during acclimatization  

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

T0 (0) 4.14 t 4.13 t 4.14 t 6.02 j-o 6.05 i-m 6.03 j-n 5.71 no 5.70 o 5.71 no 5.29 E 

T1 (100) 4.19 t 4.20 st 4.22 st 6.08 h-m 6.14 g-l 6.23 f-k 5.89 l-o 5.81 mno 5.96 k-o 5.41 D 

T2 (150) 4.26rst 4.38 q-t 4.51p-s 6.23 f-k 6.35 e-i 6.41 d-g 6.09 h-m 6.21 f-k 6.31 e-j 5.64 C 

T3 (300) 4.57pqr 4.59 pq 4.62 pq 6.52 c-f 6.57 b-e 6.73 abc 6.32 e-j 6.38 d-h 6.70 a-d 5.89 B 

T4 (450) 4.65pq 4.66 pq 4.80p 6.74 abc 6.78 abc 6.93 a 6.60 b-e 6.76 abc 6.85 ab 6.08 A 

Mean           4.40 C           6.39 A             6.20 B  

LSD 0.05                                            T =0.073                  S = 0.048                        T×I×S  = 0.318
	 .  
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Table 80.  Effect of colchicine on internodal distance of rose species during acclimatization  

 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean  	    

5  7  11  5  7  11  5  7  11  

TO (0) 2.12 c-i 2.11 c-i 2.09 c-j 1.78 g-k 1.80 g-k 1.78 g-k 2.05 c-j 2.09  c-j 2.06 c-j 1.99 C 

T1 (100) 2.02 d-j 2.02 d-j 2.06 c-j 1.70 ijk 1.64 jk 1.56 k 1.86  e-k 1.77  h-k 1.77  h-k 1.82 D 

T2 (150) 2.18 c-h 2.00 d-k 2.29 c-f 2.02 d-j 2.10 c-i 2.16 c-h 2.23  c-g 2.31 cde 2.35 cd 2.18 B 

T3 (300) 2.14 c-i 2.09 c-i 3.15 a 1.94 d-k 1.83 f-k 2.17 c-h 2.16  c-h 2.04  c-j 2.11 c-i 2.18 B 

T4 (450) 2.31 cde 2.20 c-h 3.15 a 1.94 d-k 2.06 c-j 2.48 bc 2.13  c-i 2.21  c-h 2.82 ab 2.37 A 

Mean        2.26 A             1.93  C                 2.13 B  

LSD 0.05                                            T =0.105                                                        S =0.069                                             T×I×S = 0.454 

	 .  
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stem internode length of chickpea (Thomas et al., 1990). 

4.4.2.10 Fresh and dry weight 

Fresh weight data at shoot proliferation stage is exhibited in Table 81 which 

reveals significant differences among colchicine concentrations regarding their effect 

on fresh weight  at p < 0.05. At this stage significant reduction in fresh weight was 

observed with increase in colchicine concentrations. Maximum fresh weight was 

attained by plantlets at control as compared to all other treatments. Interaction of 

colchicine, incubation period and species also displayed significant difference in fresh 

weight. Fresh weight was reduced with the increase in colchicine concentrations and 

incubation time in medium.  

However, when plants were shifted in in vitro rooting medium, fresh weight 

was increased with the increase in colchicine concentration in the medium as shown in 

Table 82. Maximum fresh weight was attained by plant in medium supplemented with 

colchicine at the rate of 450 mgl-1. R. borboniana produced maximum fresh weight 

followed by R. centifolia and R. gruss an teplitz.  R. gruss an teplitz produced 

maximum fresh weight 242.75 mg followed by 215.50 mg when plants were incubated 

in the colchicine medium fortified with  450 mgl-1for 11days and 7days respectively.  

R. centifolia  and  R. borboniana gained maximum fresh weight 244.75 and 186.88 mg 

in the colchicine medium (450 mgl-1) incubated for 11days. 

Dry weight accumulation of proliferated shoots also showed the synergistic 

pattern to fresh weight for decreasing trend. Analysis of data at 0.05 probability level 
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exhibited a considerable variation among the response of different concentrations of 

colchicine presented in Table 83.  Dry weight of shoots significantly decreased with 

addition in concentration of colchicine a linear decrease was observed. Significant 

variation was also observed among rose species. Significant reduction in dry weight 

was examined with the increase in concentration and incubation period in these 

species. 

Plants treated with colchicine showed significant better results than control on 

dry weight during in vitro rooting stage at a probability level of 0.05 (Table 84). 

Increase in dry weight was observed with the increase in concentration. Significantly 

different values of dry weight were measured among three species. Maximum dry 

weight was measured in R. borboniana (36.88 mg) followed by R. gruss an teplitz 

(34.75 mg) and  R. centifolia (29.02 mg)  when plants were incubated in medium for 

11days in medium supplemented with 300 mgl-1. 

Variation in the leaf size under ploidy inducer agents increased leaf dry weight 

in plants under ploidy inducer agents. From this result it can be deduced that increased 

leaf dry weight cause by colchicine is due to increment of leaf size and thickness 

(Amiri et al., 2010). Polyploidy has also been shown to be connected with increased 

biomass or substance of effective compounds (Gao et al., 1996). ). Liu et al.  (2007)  

by using colchicine induced   tetraploid of Platanus acerifolia have thicker and 

broader leaves than those of the diploids causing higher fresh weight. Increase of fresh 

and dry mass might be due to an enlargement of leaf area and change in
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Table 81.  Effect of colchicine on fresh weight of rose species during shoot proliferation stage  

 

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean 	    

5 7 11 5 7 11 5 7 11 

T0 (0) 208.38 d-i 210.88 c-i 214.38 c-i 184.81 g-l 187.13 g-l 177.25  h-m 238.25 b-g 245.00 a-f 250.81 a-e 212.99  A 

T1 (100) 116.75 nop 208.90  d-i 247.38 a-e
190.38  f-

k 
265.50 abc 298.25 a 279.63 ab 222.83 c-h 164.56 i-n 221.57  A 

T2 (150) 200.13 e-j 175.75  h-m 
238.63  b-

g 
254.13 a-

e 
136.76 k-p 282.00 ab 238.13 b-g 159.44 i-o 256.56 a-d 215.72  A 

T3 (300) 109.63 nop 115.13  nop 
152.25  j-

o 
173.25 h-

m 
132.00 l-p 248.75 a-e 152.44 j-o 133.25 l-p 206.44 d-j 158.13   B 

T4 (450) 91.50  p 89.38    p 
107.88  

op 
132.00 l-p

126.94 m-
p 

244.75 a-f 51.38   j-o 153.00 j-o 186.88 g-l 142.63    C 

Mean 165.79   B 202.26  A 202.57  A  

LSD 0.05                                           T = 12.763                                              S = 8.4957                                                               T×I×S = 55.261 

	 .  
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Table 82.  Effect of colchicine on fresh weight  of rose species during in vitro rooting stage  

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean  	    

5  7  11  5  7  11  5  7  11  

T0 (0) 157.36 qrs 153.07 st 155.50 rst 163.50 n-s 168.50 k-s 166.00 m-s 172.29 j-s 175.91 i-r 171.25 k-s 164.82 D 

T1 (100) 165.53 m-s 166.10 m-s 158.03 p-s 161.54 n-s 134.47 t 180.38 h-o 177.53 i-q 164.29 n-s 183.20 g-n 165.67 D 

T2 (150) 167.22 k-s 170.81 k-s 169.46 k-s 166.54 l-s 160.10 o-s 188.50 f-k 180.88 h-o 179.46 i-p 192.98 e-j 175.11 C 

T3 (300) 172.63 j-s 181.44 h-o 188.78 f-k 175.79 i-r 182.63 h-n 187.13 f-m 188.21 f-l 196.03 d-i 201.95 d-h 186.06 B 

T4 (450) 206.05 c-f 215.50 cd 242.75 ab 188.14 f-l 204.66 c-g 253.25 a 211.09 cde 224.08 bc 262.00 a 223.06 A 

Mean 178.02 B 178.74 B 192.08 A  

LSD 0.05                                    T = 5.0074                                   S = 3.3332                                       T×I×S = 21.682  

	 .  
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Table 83.  Effect of colchicine on dry weight of rose species during shoot proliferation stage   

Colchicine   

(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7 11  5  7  11  5  7  11  

T0 (0) 44.75 abc 46.00 ab 43.50 bc 25.12 g-k 24.62 g-k 26.62  f-j 24.87  g-k 26.12  g-j 23.87  g-k 31.72  A 

T1 (100) 23.00 h-l 42.31 bc 50.62 a 24.75 g-k 28.50 e-h 46.12  ab 17.10  l-o 23.65  h-k 27.81  e-i 31.54  A 

T2 (150) 26.50 f-j 39.25 c 41.75 bc 32.37 ef 24.00 g-k 42.50  bc 15.75   nop 22.12  i-m 23.37  h-k 29.73  B 

T3 (300) 19.75 k-n 
29.00 e-
h 

28.75 e-h 29.87 efg 24.75 g-k 38.87  cd 12.37   op 17.00  l-o 16.87  l-p 24.13  C 

T4 (450) 16.62 m-p 
27.12 e-
j 

27.00 e-j 23.62 h-k 21.00 j-n 33.00  de 10.81   p 16.06  m-p 16.00 m-p 21.25  D 

Mean 33.72  A 29.71   B 19.58    C  

LSD 0.05                                          T = 1.4254                                       S = 0.9489                                      T×I×S = 6.1720  

Any  two means not sharing aletter differ significantly at P< 0.05 



163 
 

 

 
Table 84.  Effect of colchicine on dry weight of rose species during in vitro rooting stage 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5 7 11 5 7 11 5 7 11 

T0 (0) 22.71 h-l 
24.03 f-
l 

24.20 e-l 
21.50 
jkl 

21.91 i-l 24.13 e-l 27.11 b-l 28.22 a-l 27.65 b-l 24.61 B 

T1 (100) 28.37 a-l 
27.85 
a-l 

33.81 
abc 

21.90 
i-l 

24.60 d-l 23.57 f-l 30.13 a-j 31.22 a-h 33.69 abc 28.35 A 

T2 (150) 29.58 a-k 
32.18 
a-g 

33.27 
abcd 

20.28 l 24.02 f-l 26.58 b-l 29.93 a-k 33.10 a-e 34.93 ab 29.32 A 

T3 (300) 29.23 a-l 
30.67 
a-i 

34.75 
abc 

20.91 
kl 

27.41 b-l 29.02 a-l 30.07 a-j 34.04 abc 36.88 a 30.33 A 

T4 (450) 27.48 b-l 
32.36 
a-f 

29.46 a-
k 

23.22 
g-l 

27.12 b-l 25.75 c-l 30.85 a-i 34.74 abc 33.35 a-d 29.37 A 

Mean 29.33 B 24.13 C 31.73 A  

LSD 0.05                                    T = 2.0916                                             S = 1.3923                               T×I×S = 9.056  

	 .  
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quantity and quality of plants metabolites. Some other scientists have also shown that 

polyploidy increase frequently causes structural and anatomical changes (Adaniya and 

Shirai, 2001). A number of publications have reported that induced tetraploidy 

increases the quantity of biomass of Salvia miltiorrhiza (Gao et al., 1996), Papaver 

somniferum (Mishra et al., 2010), Artemisia annua (Wallaart et al., 1999), and 

Scutellaria baicalensis (Gao et al., 2002)  

4.4.2.11 Leaf area (cm2) 

Different levels of colchicine gave significant results at shoot proliferation 

stage regarding leaf area at probability level of 0.05 (Table 85). Significant increase in 

leaf area was recorded with the increase in colchicine concentration in medium. 

Maximum leaf size was observed in R. centifolia followed by R. borboniana and R. 

gruss an teplitz respectively. R. centifolia, R. borboniana and R. gruss an teplitz 

produced leaves of maximum size i.e 1.84, 1.80 and 1.77 cm2 respectively in the 

medium supplemented with 450 mgl-1 colchicine and incubated for 11 days. 

Data recorded during acclimatization stage also exhibited significant increase 

in the the size of leaves with the increase in the colchicine level as shown in Table 86. 

Plants gained maximum leaf area in the colchicine medium of 450 mgl-1.  Significant 

difference was observed in the size of leaves among three rose species. Interaction of 

R. gruss an teplitz with colchicine and incubation time depicted maximum leaf size 

(5.26 cm2) in the medium of colchicine at 450 mgl-1 and incubation of 11 days. 

Similarly R. centifolia and R. borboniana also gave best results in the same medium 
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Table 85.  Effect of colchicine on  leaf area of Rose species at  shoot proliferation stage  

  

Colchicine   
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean   	   

5 7 11 5 7 11 5 7 11 

T0 (0) 0.77 qrs 0.73 s 0.74 rs 1.23 i-o 1.25g-m 1.24h-n 0.90 o-s 0.88 p-s 0.86 p-s 0.95 D 

T1 (100) 0.79 qrs 1.43 d-j 1.40 d-l 1.26 g-m 1.17 j-p 1.58 a-g 1.02 m-s 1.30 f-m 1.49 b-j 1.27 C 

T2 (150) 0.91 n-s 1.41 d-k 1.66 a-d 1.26 g-m 1.31 f-m 1.63 a-f 1.08 k-q 1.36 d-m 1.65 a-e 1.36 B 

T3 (300) 1.07 l-r 1.51 a-i 1.68 a-d 1.33 e-m 1.39 d-l 1.68 a-d 1.20 i-p 1.45 c-j 1.68 a-d 1.44 A 

T4 (450) 
1.35 d-
m 

1.57 a-h 1.77 abc 1.23 i-o 1.35 d-m 1.84 a 1.29 g-m 1.46 c-j 1.80 ab 1.52 A 

Mean 1.25   B 1.38  A 1.29   B  

LSD 0.05                                          T = 0.0777                                     S = 0.0517                                     T×I×S = 0.3363  

	 .  
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Table 86.  Effect of colchicine on leaf area of Rose species during acclimatization   

Colchicine   
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

T0 (0) 4.35 hij 4.31 hij 4.35 hij 5.69 hi 5.64 hi 5.61 hi 8.34efg 8.30 efg 8.30 efg 6.10 D 

T1 (100) 4.30 hij 4.01 ij 5.41 hij 5.49 hij 5.76 h 5.74 h 8.22 efg 8.20 efg 8.90 c-g 6.22 D 

T2 (150) 4.76 hij 4.85 hij 3.80 j 7.94 g 8.01 fg 8.14 efg 9.67 a-f 9.75 a-e 9.29b-g 7.36 C 

T3 (300) 5.20 hij 5.17 hij 5.24 hij 8.34 efg 8.69 d-g 8.69 d-g 10.09 a-d 10.25 a-d 10.28 a-d 7.99 B 

T4 (450) 5.11 hij 5.15 hij 5.26 hij 9.22 b-g 9.50 b-g 10.50 abc 10.48 abc 10.64 ab 11.20 a 8.56 A 

Mean 4.75 C 7.53 B 9.46 A  

LSD 0.05                                           T = 0.3941                                        S = 0.2624                                 T×I×S = 1.7065  

	 .  
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with same incubation period. Results revealed that increase in colchicine level and 

incubation period increase leaf size of rose species. 

Enlargement of leaves (Petit and Callaway, 2000) are linked with chromosome 

doubling, a common natural event in ornamental species (Horn, 2002). Usually the 

chromosomes number increases with higher concentration and long chemical treatment 

(Hansen, 2000). Plants with improved ploidy levels are sometimes evident by their 

distinct morphology (Ranney et al., 2008). Similarly, broader Citrus leaves (Jaskani et 

al., 1996), higher width to length ratio of leaves in Alocasia (Thao et al., 2003)) have 

been reported in tetraploid genotypes. Derived tetraploid plantlets have fewer large 

stomata and larger leaves in compare with main diploid plants (Vandenhout et al., 

1995). Increase in ploidy frequently cause increase in cell size that in turn results in 

thicker and broader leaves (Ranney et al., 2008). 

4.4.2.12 Leaf color 

The value of leaf lightness (L*) shown significant differences among the 

treatments (Table 87). Leaves of rose species showed significantly decreased L* 

values with the increase in the colchicine concentration. Minimum value (9.62) of 

lightness (L*) in leaves of rose species was recorded at the highest colchicine 

concentration of 450 mgl-1. Rose species behave significantly different in three rose 

species concerning the leaf lightness in leaves. The interaction between treatments, 

incubation period and species was significantly different. Leaf lightness (L*) was 

decreased with increase in incubation time and colchicine concentration in the 

medium. R. centifolia (10.43) followed by R. borboniana (9.01) and R. gruss an teplitz 
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(8.31)  obtained minimum lightness value in the leaves of plants that were incubated 

for  11 days in the medium supplemented with colchicine concentration at the rate of 

450 mgl-1. 

The greener color (3.89) was found in leaves of plants treated with the highest 

dose of colchicine 450 mgl-1 (Table 88). Whereas, least changes in a* (5.60) were 

recorded in leaves of untreated shoots. Moreover, rose speices were also not 

statistically at par (p < 0.05). Minimum value a* was measured in the leaves of R. 

centifolia (2.34) and R. borboniana (3.83) with their interaction to colchicine 

concentration of 450 mgl-1and incubation period of 11days. However, R. gruss an 

teplitz (4.11) resulted minimum value of a* by applying same concentration in the 

medium incubating plants for 5 days. 

Treatment means showed significantly lower values (2.81) for b* with the 

increase in the colchicine level in the medium (Table 89). Where as, highest value 

(5.19) was recorded in leaves of control plants. Means of speices also indicated a 

significant difference among rose species. R. borboniana, R. centifolia and R. gruss an 

teplitz exhibited minimum value of b* i.e 3.58, 2.54 and 1.42 respectively after 

incubation of 11days in the colchicine medium (450 mgl-1). However, control 

produced maximum value of b* than all treated plants. 

 Treatment values in Table 90 pointed out highly significant results on 

the chroma (c*) in the leaves of rose plants. Least changes in c* (7.65) were found in 

leaves of untreated plants of rose species. However, value of c* remained statistically 
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at par among rose species. Rose species interacted significantly with colchicine 

concentration and incubation time and produced least chroma value 4.28 and 4.61 in R. 

centifolia and R. borboniana respectively after incubation of 11 days in the medium 

fortified with 450 mgl-1 colchicine. R. gruss an teplitz depicted minimum value 4.49 

after incubation in the same medium for 5 days. 

 Results regarding hue angle (h°) exhibited that rose leaves had less 

value (35.95) as compared to other treatments (Table 91). While, highest value (42.96) 

was observed in leaves of untreated plants. Hue angle (h°) was significantly different 

among rose species. Least hue angle 16.37 was observed in R. gruss an teplitz 

followed by R. borboniana 33.93 when plants were grown in colchicine (450 mgl-1) 

medium for 11 days before shifting in normal shoot proliferation medium. 

In vitro chromosome doubling technique can be utilized for the production of 

polyploids and the genetic improvement of plants (Lu and Bridgen, 1997). Liu et al., 

2007 reported that colchicine treated Platanus acerifolia  plants have  the leaf darker 

green in appearance (Kermani et al., 2003; Shao et al., 2003). The leaves of colchicine 

treated plants were of green color darker than the leaves of diploid plants. (El-Morsy, 

2009). Jaskani et al. (2005) observed that chlorophyll content was increased at higher 

concentration of colchicine as well as polyploidy usually leads to a deeper green color 

(Kermani et al., 2003; Shao et al., 2003). Colours intensification is linked with 

chromosome doubling, a frequent natural event in ornamental species (Petit and 

Callaway, 2000; Horn, 2002).  
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Table 87.  Effect of colchicine on leaf lightness (L*) in leaves of rose speci during acclimatization  

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean  	    

5  7  11  5  7  11  5  7  11  

T0 (0) 10.82 c-l 10.90 b-l 10.11 e-m 13.59 a 13.40 abc 13.50 ab 11.89 a-g 11.87 a-g 11.39 a-j 11.94 A 

T1 (100) 9.34  g-m 9.02  i-m 9.15  h-m 12.82 a-d 12.65 a-e 12.57 a-e 10.73 d-l 10.48 d-m 10.52 d-m 10.81 B 

T2 (150) 8.77  j-m 9.76  f-m 8.35  lm 12.72 a-e 11.70 a-h 11.63 a-i 10.41 d-m 10.36 d-m 9.60    f-m 10.37 BC 

T3 (300) 8.83  j-m 9.02  i-m 8.00  m 12.17 a-f 12.20 a-f 11.58 a-i 10.14 e-m 10.27 d-m 9.40   g-m 10.18 CD 

T4 (450) 8.63  klm 8.88  j-m 8.31  lm 11.13 a-k 11.12 a-k 10.43 d-m 9.51  g-m 9.62  f-m 9.01   i-m 9.62  D 

Mean 9.19 C 12.21 A 10.35 B  

LSD 0.05                                         T = 0.6130                               S = 0.4081                                T×I×S = 2.6542  

	 .  
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Table 88.  Effect of colchicine on a* values in leaves of rose species during acclimatization  

 

Colchicine 

(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

TO (0) 6.09 a 6.07 a 5.55 abc 5.03 a-f 5.05 a-f 5.07 a-f 5.93 a 5.81 a 5.84 a 5.60 A 

T1 (100) 5.15 a-f 5.33 a-d 5.56 abc 4.29 c-h 4.06 d-h 3.88 fgh 5.07 a-f 5.10 a-f 4.78 a-g 4.80 B 

T2 (150) 4.25 c-h 5.65 ab 5.26 a-e 3.99 e-h 3.95 e-h 3.23 hi 4.87 a-g 5.08 a-f 4.00 d-h 4.48 C 

T3 (300) 4.39 b-h 4.37 b-h 4.91 a-g 3.64 ghi 3.35 hi 3.37 hi 4.39 b-h 4.27 c-h 4.01 d-h 4.08 D 

T4 (450) 4.11 d-h 4.43 b-h 4.90 a-g 3.63 ghi 3.16 hi 2.34 i 4.29 c-h 4.32 b-h 3.83 fgh 3.89 D 

Mean 5.07 A 3.87 C 4.77 B  

LSD 0.05                                           T = 0.3091                               S = 0.2057                             T×I×S = 1.3383   

	 .  
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Table 89.  Effect of colchicine on b* values in leaves of rose species during acclimatization   

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

T0 (0) 5.24 abc 5.57 a 5.11 a-d 5.07 a-d 5.10 a-d 4.97  a-e 5.19 abc 5.36 ab 5.08 a-d 5.19 A 

T1 (100) 2.46 k-p 4.15 a-i 2.46 k-p 4.96 a-e 4.70 a-f 4.45  a-g 3.75 d-l 4.46 a-g 3.49 f-m 3.88 B 

T2 (150) 2.83 i-o 2.46 k-p 2.33 l-p 4.66 a-f 4.41 a-h 4.40  a-h 3.91 c-j 3.48 f-m 3.40 f-m 3.54 C 

T3 (300) 2.24 m-p 2.50 j-p 1.31 p 4.16 a-i 4.60 a-g 4.16  a-i 3.21 g-m 3.59 e-m 2.77 i-o 3.17 D 

T4 (450) 1.77 nop 2.17 m-p 1.42 op 4.08 b-i 3.75 d-k 3.58  e-m 2.96 i-n 3.00 h-n 2.54 j-p 2.81 E 

Mean 2.93 C 4.47 A 3.74 B  

LSD 0.05                                             T = 0.3280                               S = 0.2184                         T×I×S = 1.4203  

	 .  
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Table 90.  Effect of colchicine on  chroma (c*) values in leaves of rose species during acclimatization 

  

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean  	   

5  7  11  5  7  11  5  7  11  

T0 (0) 8.04 ab 8.24 a 7.55 a-e 7.21 a-f 7.18 a-g 7.11 a-h 7.89 abc 7.92 ab 7.75 a-d 7.65 A 

T1 (100) 5.71 f-n 6.76 a-i 6.08 e-l 6.58 b-j 6.22 d-k 5.91 f-m 6.31 c-k 6.79 a-i 5.93 f-m 6.25 B 

T2 (150) 5.12 j-n 6.17 d-l 5.76 f-n 6.14 e-l 5.93 f-m 5.48 i-n 6.25 d-k 6.16 d-l 5.26 i-n 5.81 C 

T3 (300) 4.93 k-n 5.04 j-n 5.08 j-n 5.58 h-n 5.75 f-n 5.35 i-n 5.44 i-n 5.58 g-n 4.89 k-n 5.29 D 

T4 (450) 4.49 mn 4.95 k-n 5.11 j-n 5.47 i-n 4.91 k-n 4.28 n 5.22 i-n 5.27 i-n 4.61 lmn 4.92 E 

Mean 5.93 A 5.94 A 6.08 A  

LSD 0.05                                          T = 0.3680                                 S = 0.2449                           T×I×S = 1.5932  

	 .  



174 
 

 
 

 Table 91. Effect of colchicine on  hue angle (h°) values of rose species during acclimatization 

 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia R. borboniana 

Mean     

5  7  11  5  7  11  5  7  11  

T0 (0) 40.76 d-k 42.58 c-k 42.58 c-k 45.97 a-h 45.23 b-i 44.57 b- j 41.11 d-k 42.80 c-k 41.05 d-k 42.96 A 

T1 (100) 25.57 n-s 37.86 g-m 23.99 o-s 48.97 a-f 49.17 a-f 48.72 a-g 36.39 h-n 41.11 d-k 36.02 h-n 38.64 B 

T2 (150) 33.46 k-q 23.63 p-s 23.92 o-s 49.34 a-f 48.24 a-g 53.86 ab 38.92 f-l 34.41 i-p 40.49 d-l 38.47 BC 

T3 (300) 26.97 m-r 29.74 l-q 15.10 s 47.70 a-g 52.19 abc 50.96 a-d 35.88 h-n 39.60 e-l 34.87 i-o 37.00 BC 

T4 (450) 23.13 qrs 26.14 n-r 16.37 rs 47.92 a-g 49.95 a-e 56.71 a 34.61 i-p 34.85 i-o 33.93 j-q 35.95 C 

Mean 28.79 C 49.30 A 37.74 B  

LSD 0.05                                          T = 2.5383                                S = 1.6896                             T×I×S = 10.990  

	 .  
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4.4.2.13 Flower size (cm) 

Interaction of rose species with treatment and incubation period depicted a non 

significant difference regarding flower size. Difference in flower size between two 

species was also non significant. However, significant results among different 

treatments of colchicine were achieved concerning the size of flowers (Table 92). 

Flower size was increased with the increase in concentrations of colchicine. Maximum 

increase in size was recorded at the highest dose of 450 mgl-1.  

Colchicine acts by binding to the tubulin dimmers, preventing the formation of 

microtubules and consequently, spindle fibers during cell division (Stanys, et al., 2004; 

Petersen et al., 2003). So, the chromosome has been duplicated during mitosis due to 

restriction of cell wall formation resulting the polyploid cells. These cells have larger 

size than diploid counterparts with greater cell volume oftenly developed into thicker 

tissues, resulting in large plant organs (Rauf et al., 2006). A study on  Arabidopsis 

tetraploid plants clearly indicated increase in ploidy having a positive effect on cell 

size (Breuer et al., 2007). Moreover, increased DNA content can infact promote 

further cells growth. It is generally considered that increase in polyploidy cause 

increase in the DNA template available for gene expression and this in turn, promotes 

the metabolic activity of cells to enhance further growth. (Leiva-Neto et al.,  2004).  
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4.4.2.14 Flower color 

Results pertaining to the flower color L* value were found significantly 

different among the treatments (Table 93). Data collected revealed highest value 

(52.05) in control while it was reduced with the increase in the concentration of 

colchicine and minimum value (37.40) was found at 450 mgl-1. Data also depicted 

significant difference between R. gruss an teplitz and R. centifolia. Interaction of R. 

centifolia with treatments and incubation periods displayed significant difference 

regarding L* value. Value reduced with increase in incubation period and colchicine 

concentration. Minimum value was recorded at the colchicine 450 mgl-1 with 

incubation period of 11 days. However, interaction of R. gruss an teplitz with 

incubation period and treatment resulted non significant difference.  

The treatments means for flower color (a*) indicated highly significant 

differences among the colchicine concentrations (Table 94) and depicted highest value 

(41.18) at 450 mgl-1 colchicine. Value of red color (a*) in R. gruss an teplitz was found 

better than R. centifolia. Interaction of R. gruss an teplitz with treatment and 

incubation period produced significant difference. Colchicine (450 mgl-1) with 

incubation period of 11 days gave maximum value (54.44)  in R. gruss an teplitz. 

 

Data recorded for b* value was found to be non significant difference among 

different treatments of colchicines (Table 95). However, significant difference in  b* 

value between two species was recorded. Minimum value of b* (3.80) was observed in 
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plants of R. gruss an teplitz treated with colchicine (450 mgl-1) having incubation 

period of 11days while no significant difference was recorded in case of R. centifolia. 

Treatment means in Table 96 indicated highly significant effects on the chroma (c*) in 

flowers of rose species. Maximum chroma value (41.50) was recorded at the highest 

dose of 450 mgl-1 of colchicine. R. gruss an teplitz gave significantly better value than 

R. centifolia. Maximum changes in color for c* was registered in flowers of R. gruss 

an teplitz (54.57) and R. centifolia (37.88) when plants were incubated for 11 days in 

colchicine (450 mgl-1) supplemented medium (Fig. 27&28).  

Data pertaining to hue angle (h°) showed    non significant treatment means as 

shown in table 97. However, significant difference was recorded between hue angle 

recorded in the flowers of R. gruss an teplitz and R. centifolia. Hue angle (h°)  in R. 

gruss an teplitz had decreased value  (4.03) as compared to control while R. centifolia 

had  h° (-6.67). 

Since the discovery of colchicine (C22 H 25 O6 N) as an agent for doubling 

chromosomes in the plants (Blakeslee et al., 1939), ploidy may be induced with 

colchicine treatment. The chromosomes carry genes and each species has a 

characteristic number (Faria and Destro, 1999). Moreover, polyploids have an overall 

increased level of gene expression as compared to diploids, which can cause an 

affected dose-regulated expression (Osborn et al., 2003). Mitotic chromosome 

doubling in carnation (Yamaguchi, 1989) and cyclamen (Takamura and Miyajima, 

1996) resulted in flowers of deeper-color. Polyploidy in orchids produces desirable  
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Table 92.  Effect of colchicine on flower size of rose species  
 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia 
 

Mean
	  

5 7 11 5 7 11 

TO (0) 4.71 a 4.71 a 4.71 a 5.11 a 5.11 a 5.11 a 4.91 

BT1 (100) 4.97 a 4.99 a 5.37 a 5.26 a 5.20 a 5.16 a 5.16 

ABT2 (150) 5.00 a 5.23 a 5.58 a 5.28 a 5.26 a 5.38 a 5.29 

ABT3 (300) 5.12 a 5.36 a 6.15 a 5.46 a 5.50 a 5.74 a 5.56 

AT4 (450) 5.09 a 5.22 a 6.24 a 5.55 a 5.73 a 5.78 a 5.60 

AMean 5.23 A 5.38 A  

LSD 0.05                                   T =  0.469                S =   0.211                     T×S =  1.5984 

	 	 	 	 .  

 

Table 93.  Effect of colchicine on flower color (L*) of rose species 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia 
 

Mean 
 	  

5 7 11 5 7 11 

TO (0) 36.71c-f 36.71 c-f 36.71cdef 67.38 a 67.38 a 67.38 a 52.05 A 

T1 (100) 36.95c-f 36.80 c-f 35.49 def 65.83 a 65.90 a 63.70 ab 50.78 AB

T2 (150) 35.29def 34.25 def 33.22def 64.08 ab 62.16 ab 60.87  ab 48.31 AB

T3 (300) 34.79def 32.01  ef 28.42 ef 61.28 ab 58.49abc 52.00  a-d 44.50 B 

T4 (450) 32.23def 28.95  ef 22.28  f 50.60  a-
e

47.35a-e 43.01   b-f 37.40 C 

Mean 33.393   B 59.832  A  

LSD 0.05                               T = 6.5635                   S =  2.961                    T×S =  22.354 

	 	 	 	 .  
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Table 94.  Effect of colchicine on flower color (a*) of rose species 
 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia  

Mean   

5  7  11  5  7  11  

TO (0) 39.85b-f 39.85  b-f 39.85 b-f 27 .67   g 27.67  g 2 7 . 6 7  g 3 3 . 7 6  C 

T1 (100) 40.46b-f 39.99   b-f 41.98 b-e 31.28  efg 32.35efg 31.72 efg 36.30 BC 

T2 (150) 40.71b-f 41.31  b-f 42.02 b-e 31.97  efg 32.34efg 32.52 efg 36.81 BC 

T3 (300) 41.89b-e 44.37  a-d 49.62 ab 30.48  fg 32.21efg 33.39  efg 38.66 AB 

T4 (450) 40.12 b-f 47.32  a-c 54.44  a 32.85  efg 34.77d-g 37.63  c-g 4 1 . 1 8  A 

Mean                             42.92  A                              31.77   B  

LSD 0.05                          T =  3.2055   S =   1.4464                        T×S =  10.917 

	 	 	 	 	 	 .  

 
Table  95.  Effect of colchicine on flower color (b*) of rose species 

 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia 

 

Mean 

  

5 7 11 5 7 11 

TO (0) 7.60 a 7.60a 7.60a -7.50c -7.50c -7.50c 0.04 A 

T1 (100) 7.00ab 6.25ab 6.29ab -6.10c -6.04c -6.13c 0.21 A 

T2 (150) 6.12ab 6.00ab 5.84ab -6.23c -6.08c -5.71c -0.00A 

T3 (300) 6.47ab 5.22ab 4.84ab -4.84c -5.64c -4.94c 0.18 A 

T4 (450) 6.10ab 5.19ab 3.80b -4.84c -4.66c -4.36c 0.20 A 

Mean 6.13 A -5.87B  

LSD 0.05                                    T =  0.984                   S = 0.444                   T×S =  3.353 

	 	 	 	 	 	 .  
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Table  96.   Effect of colchicine on flower color (c*) of rose species 
 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia  

Mean   

5  7  11  5  7  11  

TO (0) 40.58b-f 40.58 b-f 40.58 b-f 28.72  g 28.72 g 28.72  g 34.65 C 

T1 (100) 41.08b-f 40.52  b-f 42.47b-e 31.89  efg 32.94efg 32.31 efg 36.87  BC 

T2 (150) 41.17b-f 41.75  b-e 42.43 b-e 32.58  efg 32.90efg 33.02efg 37.31  BC 

T3 (300) 42.46b-e 44.69 a-d 49.86 ab 30.89   fg 32.70efg 33.76 efg 39.06 AB 

T4 (450) 40.62b-f 47.61 abc 54.57 a 33.25  efg 35.09d-g 37.88 c-g 41.50 A 

Mean 43.40  A 32.364   B  

LSD 0.05                                    T =  3.1620                 S =    1.4268                   T×S =  10.769 

	 	 	 	 	 	 .  

 

Table 97.  Effect of colchicine on flower color (h0) of rose species 
 

Colchicine  
(mgl-1) 

R. gruss an teplitz R. centifolia  

Mean   

5  7  11  5  7  11  

TO (0) 10.76 a 10.76 a 10.76 a -15.52 d -15.52 d -15.52  d -2.38 A 

T1 (100) 9.91ab 9.25 ab 8.59 ab -11.22 cd -0.74cd -10.95cd -0.85 A 

T2 (150) 8.50ab 8.40 ab 7.98 ab -10.99 cd - 0.61cd -10.02cd -1.12 A 

T3 (300) 8.82ab 6.69 ab 5.59 ab -8.89   c -9.89cd -8.44 c -1.02 A 

T4 (450) 8.63ab 6.33 ab 4.03  b -8.80   c -7.72  c -6.67 c -0.70 A 

Mean 8.33  A -10.771   B  

LSD 0.05                                             T =   1.799       S =    0.811          T×S =  6.127 

	 	 	 	 	 .  
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characteristics such giantism (an increase in floral piece), an intensification in flower 

coloring (Griesbach, 1985; Watrous and Wimber, 1988). 

4.4.2.15 Variegation in flowers 
 

Plants treated with colchicine medium for a certain period produced five 

variegated flowers (Fig 29). Three plants had pink flowers with pink and red petals in 

same flower. However, in one flower there were pink margins. Moroever one flower 

was brighter than control flowers. 

Variegation can be caused by mutations in the mitochondrial genes, the plastid 

genes or the nuclear genes but most of the mutations which affect pigmentation, 

including variegation, occur in nuclear genes (Rhoades, 1943). Seneviratne and 

Wijesundara (2007)) also reported that colchicine supplemented medium produced 

variegated flowers of African violet but no change in control. According to Schepper 

et al. (2001) pigments in the cell vacuole generates color pattern, depending on the 

polploidy level. Chimeras are most common in plants and are easily produced by the 

treatment of different tissues by colchicine (Sarin, 2006). In chimeric tissue, mutated 

cells occurs with the normal cells. During successive cell division, the mutated cells 

compete with the surrounding normal cells for survival. If these mutated cells survive 

in diplotic selection, they are expressed in plants (Datta et al., 2005). 
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Fig 23.  Mortality in R. gruss an tepllitz (A), R. centifolia (B) and R. 

borboniana (C) at 450 mgl-1 of colchicine incubated for 11days 

 

 

 

 

Fig 24.  Plants showing leaf abnormalities in  R. gruss an tepllitz (A) R. 

centifolia (B) and R,  borboniana (C) grown in colchicine medium 

(450 mgl-1) for 11days. 
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Fig 25.  Maximum plant height of R. gruss an teplitz (A), R. centifolia 

(B)and R. borboniana (C) incubated for 11 days in 450 mgl-1 

colchicine (Right)  as compared to control (Left) 

 

 

Fig 26.  Plant height of R. gruss an teplitz (A), R. centifolia (B) and R. 

borboniana (C) after 18 months of acclimatization  

A  B C
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Fig 27.  Variation in flower color (B) of R. gruss an teplitz incubated for 11 

days in 450 mgl-1 colchicine as compared to control (A) 

 

 

 Fig 28.  Variation in flower color (B) of R. centifolia incubated for 11 

days in 450 mgl-1 colchicine ascompared to control (A) 
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Fig 29.  Variegation in flower color (B, C, D, E & F) of R. gruss an teplitz 

incubated for 11 days in 450 mgl-1 colchicine ascompared to control 

(A) 
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Chapter 5 

SOMACLONAL VARIATION THROUGH DIFFERENT 
REGENERATION METHODS  

5.1 INTRODUCTION 

The genus Rosa is the most important ornamental plant cultivated worldwide, 

having numerous species and cultivars produced for different uses such as garden 

plants, cut flowers and potted plants (Zakizadehet al., 2010). Its breeding program is 

focused on different characters to boost the ornamental value together with the flower 

color and size. Moreover, success of plant-breeding program depends on the nature 

and degree of genetic variation found in the germplasm. For this purpose, somaclonal 

variation is an effective force for increasing the genetic base, especially in the 

vegetatively propagated species (Evans and Sharp, 1986; Gosal, 2010). Somaclonal 

variation exposes the natural variation in plants and uses this genetic variation to 

generate new plants (Evans and Sharp, 1986). Usually gene mutations found oftenly in 

tissue culture-derived plants, and therefore, in vitro technique is regarded similar to 

mutation. Since somaclonal variation can increase the genetic variation in plants, many 

plant characters can be altered (Jain et al., 1998). Improvement in plants through 

somaclonal variation is considered as a reasonable process for inducing stable, 

inheritable variations in broadly divergent plant species (De Klerk, 1990). Therefore, 

the rationale of the current study was to achieve regeneration through callus from leaf 

explants of rose species to obtain somaclonal variants for the improvement of plant 

characteristics and to evaluate the resulting plants with plants produced by direct 

regeneration. 

186 
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5.2 REVIEW OF LITERATURE 

5.2.1 Somaclonal Variation 

Genetic and epigenetic variation which occurs during vegetative propagation, 

including in vitro multiplication, is called somaclonal variation (Larkin and Scowcroft, 

1981). Changes can be heritable or transient, depending on whether the changes occur 

in the germ line. Somaclonal variation increases with the duration of in vitro culture, 

and especially with the number of multiplication cycles (Devarumath et al., 2002; 

Podwyszyńska, 2005). Somaclonal variation has advantages as well as disadvantages. 

It is unpredictable in nature and can be heritable (genetic) or non-heritable (epigenetic 

and physiological). Somaclonal variation can become a part of plant breeding provided 

they are heritable and genetically stable. DNA methylation causes genetic instability in 

somaclones, which probably comes from epigenetic changes. Since somaclonal 

variation can broaden the genetic variation in crop plants, many plant characters can be 

altered, including plant height, yield, number of flowers per plant, early flowering, 

resistance to diseases, insect and pests, cold and drought, and salt (Jain et al., 1998).  

5.2.2 Indirect Regeneration 

Success of a plant-breeding program largely depends upon the nature and 

extent of genetic variability available in the germplasm. In this regard, somaclonal 

variation, i.e., the variation among callus-derived plants, is a potent force for 

broadening the genetic base, more particularly in the vegetatively propagated species 

(Evans and Sharp, 1986, Gosal, 2010).  

Somatic embryogenesis is a process whereby somatic plant cells develop into 

entire plants via a series of stages similar to zygotic embryo development (Wann, 
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1989). This phenomenon which was recognized first in carrot has been successfully 

developed for many plant species including species from the Rosaceae family (Wann, 

1989; Raemakers et al., 1995). There have been many reports on regeneration through 

organogenesis (Lee et al., 2008; Pati et al., 2004) or somatic embryogenesis (Kamo et 

al., 2005, Leeet al., 2008; Zakizadeh et al., 2008) from various organs in rose. It has 

been known that somatic embryogenesis is more effective than organogenesis for plant 

regeneration in rose. Up to now, there were few successful reports to regenerate shoots 

through somatic embryogenesis in roses (Lee et al., 2010).  

Somatic embryogenesis in rose has been successfully accomplished by using 

leaf, internode, filament of stamen, root and zygotic embryo (Rout et al., 1991). Rout 

et al. (1991) induced embryogenic calli and later on developed somatic embryos from 

8-week-old callus, derived from immature leaf and stem segments of R. hybrida a cv. 

Landora.  

Low concentrations of auxin or auxin combined with cytokinin, have been 

successfully used for callus production in many garden and cut rose cultivars                

(Zakizadeh et al., 2010). Medium amended with 2, 4-D helped in the long-term 

maintenance of embryogenic callus (Matthews et al., 1991. However, media with high 

concentrations of 2, 4-D produced sufficient amounts of callus for subsequent 

activities (Zakizadeh et al., 2010). In general, induction of embryogenic callus from 

vegetative explants is driven by an auxin or by a combination of auxin and cytokinin 

(Raemakers et al., 1995). However, embryogenic callus was obtained in media 

supplemented with only cytokinin. Since high concentrations of 2, 4-D was used in 

callus production stage, it is possible that a carryover effect of this hormone had a role 
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on induction of embryogenic callus together with cytokinin (Zakizadeh et al., 2010). A 

high concentration of 2, 4-D, which is the most potent auxin, and other auxins alone or 

in combination with a low concentration of a cytokinin is sufficient for induction of 

embryogenic calluses (Kim et al., 2003).  

Under high doses of exogenous auxin, certain plant cells can give rise to 

totipotent embryogenic cells, which have the ability to proliferate and to regenerate a 

somatic embryo (Fe´her et al., 2003; Verdeil et al., 2007). This cell modification 

toward a new developmental pathway is often achieved in vitro by the use of 2, 4-D, a 

synthetic herbicide known to mimic auxin when applied to plants at low 

concentrations. On account of its high stability, it has been used for the induction of 

callogenesis, often a prerequisite for somatic embryogenesis, in a wide range of 

species (Gaj, 2004). Despite their general utility, exogenous auxin treatments are not 

always sufficient to induce cell reactivation for in vitro regeneration. In addition, 

levels of endogenous hormones determine the specificity of cellular responses during 

somatic embryogenesis (Fe´her et al., 2003; Jime´nez et al., 2005). Furthermore, the 

aptitude of cells to become embryogenic depends on their initial physiological and 

differentiation state. Single mesophyll cells located close to the vascular bundles in 

leaf explants are competent to form callus (Somleva et al., 2000).  

Kintzios et al. (1999) reported that the somatic embryos derived from mature 

leaf explants were germinated on a MS medium supplemented with 5.2 μM BA and 

5.7 μM IAA. Sarasan et al. (2001) used 44 μM methyllaurate (Mela) to germinate 

somatic embryos into plantlets. Plants were regenerated from protoplast derived 

embryogenic calli of R. hybrida on MS medium supplemented with 60 g/l myo-
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inositol, 4.4 μM BA and 1.4 μM 2,4-D (Kim et al., 2003), and the germination rate of 

somatic embryos increased up to 30.9% and subsequently plantlets were established in 

the soil. 

The occurrence of variant plants only in the case of regeneration from callus 

confirms the well known influence of this undifferentiated cell phase on promoting 

somclonal variability (De Klerk, 1990) and genetic instability (D'Amato, 1985). 

Regenerating plants from calli might be attractive to the breeders as the somaclonal 

variation generated by this system is known to be higher than that generated by other 

systems such as chemically induced mutagenesis (Gavazzi et al., 1987).  

5.2.3 Direct Regeneration 

Rout et al. (1999), Ibrahim and Debergh (2001) and Schum and Dohm (2003) 

reported that among the factors that caused an instant effect on the adventitious 

regeneration ability of roses, there are: the genotype, the type of explant, the state of 

the donor cultures, and the type and concentration of the growth regulators. Lloyd et 

al. (1988) reported, for the first time, direct shoot regeneration using leaf and root 

explants in R. persica &  xanthina, R. laevigata, and R. wichuriana. In vitro leaf 

explants were used for direct shoot regeneration in ornamental rose such as R. hybrida 

(Ibrahim and Debergh, 2001). Dubois and de Vries (1995), also used leaf explants of 

in vivo grown glasshouse rose cultivars for direct regeneration. Somatic embryos have 

greater frequency from petiole explants than from leaf blade sections (Castillo and 

Smith, 1997). 

The type of cytokinin has an important effect on shoot regeneration. BAP is 

more effective than kinetin in promoting shoot formation in both dicots and 
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gymnosperms. However, thidiazuron was more effective than BAP in stimulating 

adventitious shoot formation from carnation petals (Nugentet al., 1991). Sorvariet al. 

(1993) reported the increase in regeneration capacity by conditioning of donor cultures 

of strawberry on media containing BAP and IBA in comparison to the media without 

growth regulators.  Direct shoot regeneration, with 100% of explants inducing shoots 

and buds, was obtained from in vitro-leaf discs of P. capitatum on MS/2 medium 

supplemented with 0.5 mg l-1 NAA, 1.0 mg l-1  BAP and 1.0 mgl-1 zeatin in darkness 

(Hassanein and  Dorion, 2005).  

Murthy et al (1998) also reviewed the role of TDZ in morphogenesis and 

pointed it is connected with a metabolism of endogenous growth regulators—

cytokinins, auxins, ethylene and ABA. TDZ plays an important role in adventitious 

regeneration and has been recommended for use in the induction stage for many 

plants, including roses (Rosu et al., 1995; Ibrahim and Debergh, 2001) and gerbera 

(Orlikowska et al., 1999). This confirms the regulatory role of TDZ in the processes of 

morphogenesis, as reported by numerous authors including Sanago et al. (1995), Hsia 

and Korban (1996) and Mithila et al. (2003). Incorporating TDZ in the medium for the 

culture of donor rose shoots can increase the regeneration capability of leaves, even in 

recalcitrant cultivars. However, the preculture of shoots on TDZ medium did not 

change the relative order of regeneration capability of the examined cultivars. The 

highest regeneration efficiency was obtained with ‘White Gem’ and the lowest with 

‘Old Blush’ leaves after preculture on BAP and TDZ media. The pre culture of donor 

shoots on medium containing 0.05 or 1 mgl-1 TDZ for 15 or 30 days to induce more 
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competition to adventitious shoot regeneration in leaves of rose cultivars (Kucharska 

and Orlikowska, 2009).  

Rose plants are known to be highly sensitive to ethylene and even at low 

concentaration this hormone can cause flower bud abscision and inhibition of axillary 

bud break (Goszcynska and zieslin, 1993). The beneficial effect of AgNO3  on shoot 

proliferation in several rosaceae species due to inhibition of ethylene action has been 

reported (Escalettes and dosba, 1993). AgNO3 in the range of 60 to 240 uM promoted 

the formation and out growth of adventitious buds probably by inhibition of ethylene 

action (Ibrahim and  Debergh, 2000). 

A short period of dark pre treatment for 7 or 10 days on induction medium is 

also necessary for bud development. However, culture in prolonged darkness not only 

resulted in low regenerability but also promoted the formation of small and stunted 

buds (Ibrahim and Debergh, 2000). Incubation in the dark has been reported to 

increase bud regeneration in other rosaceae species, such as Prunus (Chevreau et al., 

1989) and Malus (Fasolo et al., 1989). However, Hassanein and Dorion (2005) 

reported that reduction in regeneration efficiency under light or low light conditions. 

5.3 MATERIALS AND METHODS 

Leaf explants were excised from the middle part of the micropropagated 

plantlets and utilized for direct and indirect regeneration.  

5.3.1 Direct Regeneration 

Explants were placed horizontally on induction medium (1/2 MS salts and full 

MS vitamins) supplemented with 30 gl-1 glucose, 100 mgl-1 caseine hydrolysate,          
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8gl-1 agar, (0.05 mgl-1) IBA and different concentrations (0, 0.5, 1.0, 1.5 and 2.0 mgl-1) 

of thidiazuron (TDZ).  The pH was maintained at 5.6 and medium sterilized in 

autoclave at 121°C for 20 mins. Filter-sterilized AgNO3 (10.0 mgl-1) was included in 

medium after autoclave. Explants were placed on induction medium in the dark at 24 

oC for eight days (Dubois et al., 2000). Then these explants were shifted in shoot 

proliferation medium. 

5.3.2 Indirect Regeneration 

Explants were cultured on callus induction medium (MS macro, micro 

elements and vitamins) supplemented with different doses of 2, 4-D (0, 0.1, 0.5, 1.0, 

1.5 and 2.0 mgl-1). After callus formation all calli were transferred to shoot 

proliferation medium. Data were recorded on days to callus induction, callus initiated, 

callus size and number of plants regenerated.  

Then shoots obtained through both regeneration methods were transferred to in 

vitro rooting medium and then in pots under glass house. Observations were taken as 

mentioned in previous experiment. 

5.4 Data Analysis 
 

The experimental design was CRD having 60 explants in each treatment. The 

data were subjected to analysis of variance (ANOVA) and the differences among 

means were compared using Duncan’s Multiple Range Test at 5% probability level 

(Steel et al. 1997). 

5.5 RESULTS AND DISCUSSIONS 

Indirect regeneration through tissue culture application serves for the 

micropropagtion of elite plants, fixation of hybridization, preservation and production 
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of somaclonal variants. The lack of regeneration systems in several cases is the main 

obstruction for the improvement of ornamental crops through somaclonal variation. 

Plant regeneration success mostly depends on the accessibility of efficient protocols to 

induce adventitious shoot. Selection of an optimum growth regulator also plays key 

role for the development of callus and successful in vitro regeneration. In the present 

study, work has been carried out to determine the effect of different concentrations of 

growth regulators for callus development and regeneration to achieve somaclonal 

variants in rose species. 

5.5.1 Callus Induction Percentage 

Noteworthy difference was observed in percentage of callus initiated among 

different concentrations of 2, 4-D (Table 98). The analysis shows that the tested auxin 

was most effective at the rate of 2 mgl-1 which produced 62.77% calluses followed by 

45.00 % and 8.33%  at the concentration of 1.5 and 1 mgl-1 respectively. However, in 

control and in media with lower doses no callus formation occurred. R. gruss an 

teplitz, R. centifolia and R. borboniana produced significantly different percentage of 

callus initiated. R. gruss an teplitz produced maximum percentage of callus i.e. 78.33% 

followed by R. centifolia and R. borboniana yielding 61.66% and 48.33% calluses at 2 

mgl-1 2, 4-D. However, minimum percentage of callus was obtained in R. gruss an 

teplitz 10.00%, R. centifolia 8.33% and R. borboniana 6.66% at1 mgl-1 2, 4-D. 

Species produced different number of callus as callogenesis depends on the 

genotype cultured as reported by Gueye et al. (2009). Similarly according to 

Zakizadeh et al. (2010) both genotypes and 2, 4-D concentrations influenced the 
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ability of explants to form callus. Many researchers observed auxin (2, 4-D) as the 

most excellent growth regulator for the induction of callus (Sinha and Roy, 2004) 

which is similar to the results obtained in present study. George (1996) reported that 

auxin initiate metabolism of RNA and induce the transcription of messenger RNA 

which code proteins that are essential for the chaotic cell proliferation and finally 

producing the callus. Nahid et al. (2007) observed that 2,4-D induce cell division and  

enlargement at optimum concentration which is linked  with increase in the activities 

of synthetic and autolytic enzymes by effecting the plasticity of cell wall and by 

forming new cell  wall materials. 

5.5.2 Number of Days to Callus Induction 

Statistical analysis of data showed a significant difference in treatments 

regarding number of days to callus induction as shown in Table 99. In media without 

growth regulator and low doses there was no callus formation but  earliest response 

was observed (17.16 days) at the highest dose of 2, 4-D (2 mgl-1)  while it was initiated  

after 18.38 and 24.88 days in media having 1.5 and 1 mgl-1 2, 4-D respectively. 

Average response of R. Gruss an teplitz (9.52) was different from R. centifolia and R. 

borboniana. Callus formation was started earlier (16.75 days) in R. gruss an teplitz at 2 

mgl-1 follwed by 16.95 and 23.45 days at 1.5 and   1 mgl-1. Similarly in R. centifolia 

and R. borboniana early callus formation was noticed after 17.50 and 17.25 days in 

media supplemented with 2 mgl-1   2, 4-D. 
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 Table 98.  Effect of different concentrations of 2, 4-D on callus induction 
percentage 

 
Table 99.  Effect of different concentrations of 2, 4-D on number of days to 

callus induction 

2, 4-D             
(mg l-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) 0.00 g 0.00 g 0.00 g 0.00 D 

T1 (0.1) 0.00 g 0.00 g 0.00 g 0.00 D 

T2 (0.5) 0.00 g 0.00 g 0.00 g 0.00 D 

T3 (1.0) 10.00 f 8.33 f 6.66 f 8.33 C 

T4 (1.5) 61.66 b 41.66 d 31.66e 45.00B 

T5 (2.0) 78.33 a 61.66 b 48.33c 62.77A 

Mean 25.00 A 18.61 B 14.44C  

 LSD 0.05                           T = 2.735                       S = 1.578                T×S = 5.867 

	 	 	 	 	 .  

2, 4-D           
(mg l-1) 

Rose species Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) - - - - 

T1 (0.1) - - - - 

T2 (0.5) - - - - 

T3 (1.0) 23.45b 25.60 a 25.60 a 24.88 A 

T4 (1.5) 16.95 d 19.10 c 19.10 c 18.38 B 

T5 (2.0) 16.75 d 17.50 d 17.25 d 17.16 C 

Mean 9.52  B 10.36 A 10.32 A  

LSD 0.05                           T = 0.669                    S = 0.386                    T×S = 1.436 

	 	 	 	 	 .  
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Early formation of callus was found on the leaf explants placed on the media 

supplemented with higher concentration of 2, 4-D. According to Taiz and Zieger 

(2002) the Auxin (2, 4-D) directly stimulate the early phases of cell elongation. Under 

application of high doses of exogenous auxin some plant cells can produce totipotent 

embryogenic cells, having the ability to propagate and to regenerate a somatic embryo 

(Verdeil et al., 2007). This cell modification toward a new developmental pathway is 

frequently attaind in vitro with the use of 2, 4-D due to its high stability, it has been 

used for the induction of callogenesis in different species (Gaj, 2004). In spite of their 

general utility, exogenous auxin are not always enough to induce cell reactivation for 

in vitro regeneration. Moreover, endogenous hormones levels determine the specificity 

of cellular responses (Fe´her et al., 2003). 

5.5.3 Callus Size (mm) 

Significanst differences for callus size at p<0.05 were noticed with different 

concentrations of 2, 4-D (Table 100). A concentration of  2 mgl-1 gave maximum 

callus size of 0.85 mm which was followed by 1.5 mgl-1 producing  callus of 0.74 mm 

size. Callus size also varied among three rose species with maximum score in R. gruss 

an teplitz. It produced large size callus i.e 1.03 mm at 2 mgl-1 while minimum 0.40 

mm at 1 mgl-1  2, 4-D. Similarly R. centifolia and R. borboniana also gained maximum 

size of callus (0.89 and 0.62 mm) respectively at 2 mg l-1 and minimum (0.23 and 0.20 

mm) respectively at 1 mgl-1 2, 4-D (Fig 30). 

According to Thorpe (1980) auxin inclusion in media is necessary for callus 

formation and growth. Taiz and Zieger (2002) studied the effect of auxin which 
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directly cause elongation of cells by initiating cells to move hydrogen ions out of the 

cell and lowering the pH around the cells. Cell wall region’s acidification activate the 

wall loosening proteins known as expansion to allow slippage of cellulose microfibrils 

in the cell wall and breaking of bonds in wall polysaccharides, permitting the walls  

stretching more easily and to boost the callus growth more swiftly. Terzi and Lo 

Schiavo (1990) reported that auxins initiate nuclear DNA to become further 

methylated than normal which revert the cell to differentiated state and initiate cell 

division and enlargement. Furthermore auxin increases DNA and RNA synthesis 

within the cell which result in excellent callus growth.  

5.5.4 Indirect Shoot Regeneration Percentage 

Calli produced from 2, 4-D were inoculated to shoot regeneration media 

supplemented with various concentrations of  BAP. Among three species, only R. 

gruss an tepltz was regenerated. Data pertaining to the regeneration percentage in R. 

gruss an tepltz revealed that among different treatments shoot regeneration percentage 

varied significantly (Table 101). Control and media supplemented with 1 mgl-1 BAP 

gave no regeneration. However, at the highest concentration, regeneration was 

observed as depicted by Fig 31.  An ascending order was noticed with the increase in 

the concentration of BAP up to a certain level but at the highest dose of 5.0 mgl-1 again 

there was a declining trend. Maximum number of plants i.e 26.66% were regenerated 

in MS media supplemented with BAP at 4.0 mgl-1 while minimum i.e 13.33%  at 2.0 

mg l-1 BAP. 

Among three species, only R. gruss an teplitz resulted regeneration while R. 
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centifolia and R. borboniana failed to regenerate. This may be due to the phenomenon 

that different varieties or genotypes show differences in regeneration efficiencies 

which had been well documented in various species (Caboni et al., 1999). In vitro 

environment disrupts the unique cellular environment as some cultivars have the gene 

for the regeneration while some may not have the gene controlling phytohormonal 

signals (Thirugnanakumar et al., 2009). Therefore, plantlets regeneration via somatic 

embryogenesis from somatic tissues of rose cultivars finds difficulty with less 

frequency of incidence (Rout et al., 1991). Zhang et al. (1996) reported that BAP is 

usually added to the regeneration media to stimulate adventitious shoot regeneration 

through the activation of cell division by its action on the cell cycle at mitosis. Results 

obtained from the present investigation are in line with the findings of Karim et al. 

(2003) who reported that BAP is an effective cytokinin for shoot regeneration in 

chrysanthemum. Taiz and zieger (2002) observed the optimum concentration of BAP 

has significantly increased shoot regeneration percentage by regulating cell divisions 

and affecting the activity of cyclin-dependent kinases that governs the passage of cell 

through cell cycle by increasing protein synthesis. Furthermore, Thomas and 

Katterman (2001) reported that cytokinin are adenine derivatives that promote shoot 

regeneration and morphogenesis by producing ultimate effects on undifferentiated 

cells that stimulate RNA synthesis and increase protein accumulation within cell. 

A decrease in regeneration percentage at the highest concentration of BAP was 

found. Rashotte et al. (2003) observed that the level of endogenous cytokinin was 

reduced by increased potential of cytokinin oxidase activity which was elevated in 

response to exogenous cytokinin. Furthermore, lower concentration resulted in less 
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regeneration. Hutchison and Kieber (2002) suggested that among cultures where 

cytokinins are in limiting concentration the division of cell nuclei happen to be 

arrested at one stage of the cell cycle which affects the regeneration percentage.  

5.5.5 Direct Shoot Regeneration Percentage 

Leaf explants were cultured on induction medium supplemented with AgNO3 

and various doses of TDZ. Among three rose species, regeneration was observed only 

in R. gruss an teplitz (Fig 31) while no regeneration was found in R. centifolia and R. 

borboniana. Results regarding regeneration percentage refer that regeneration 

percentage of R. gruss an teplitz varied significantly at P < 0.05 depending on the 

concentration TDZ (Table 102).  In this species regeneration percentage was recorded 

0 upto the concentration of 1 mgl-1. However regeneration percentage was 13.33% in 

MS media supplemented with the rate of 1.5 mgl-1 while 8.33 % at 2 mgl-1 of TDZ (Fig 

31). 

In roses, regeneration ability is highly genotypes dependent (Dubois and De 

Vries, 1997). TDZ, a derivative of phenyl urea, possess strong cytokinin-like activity 

in different plants (Hutteman and Preece, 1993). It has been used effectively for the 

shoots regeneration in different plant species (Sriskandarajah et al., 1990). TDZ might 

affect the endogenous cytokinins, auxins and abscisic acid level for the induction of 

positive response in the cultured tissue as previously reported by Murthy et al. (1995). 

Dubois and de Vries (1995) in order to induce direct regeneration in rose species i.e.   
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Table  100.  Effect of different concentrations of 2, 4-D on callus size (mm) 

 

 

Table 101. Effect of different concentrations of BAP on regeneration of R. 
gruss an teplitz from callus 

 

BAP (mgl-1) Plants regeneration percentage 

TO (0) 0.00  D 

T1 (1) 0.00  D 

T2 (2) 13.33 C 

T3 (3) 25.00 A 

T4 (4) 26.66 A 

T5 (5) 18.33 B 

LSD 0.05                                                                                                                            4.325 
	

	 	 	 	 	 	 .  

2, 4-D           
(mg l-1) 

Rose species 
Mean 

R. gruss an teplitz R. centifolia R. borboniana 

T0 (0) - - - - 

T1 (0.1) - - - - 

T2 (0.5) - - - - 

T3 (1.0) 0.40 f 0.23 g 0.20 g 0.27 C 

T4 (1.5) 0.93 b 0.76 c 0.51 e 0.74 B 

T5 (2.0) 1.03 a 0.89 b 0.62 d 0.85 A 

Mean 0.39 A 0.31 B 0.22 C  

LSD 0.05                                T = 0.035                          S = 0.020               T×S = 0.076 

	 	 	 	 	 	 .  
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Table 102.  Effect of different concentrations of TDZ on direct regeneration of 

rose 

 

TDZ (mgl-1) Shoot  regeneration percentage 

T0 (0) 0.00 C 

T1 (0.5) 0.00 C 

T2 (1.0) 0.00 C 

T3 (1.5) 13.33 A 

T4 (2.0) 8.33  B 

LSD 0.05                                                                                          3.255 

	 	 	 	 	 .  
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R. hybrida successfully used the TDZ.  Research on direct organogenesis in the genus 

Rosa demonstrates prevalence of application of TDZ for regeneration of shoots from 

leaf explants. A glance on literature noticeably underscores the efficiency and 

improved regeneration by means of TDZ in many Rosaceae members (Lane et al., 

1998).  The capacity of regeneration at the base of petiole, however, could be 

attributed to (1) basipetal transport of endogenous auxins and carbohydrates (Dubois 

and de Vries, 1995) or (2) the regenerative target cells position (Margara, 1982). 

Moreover, AgNO3 plays an important role in the regeneration response of many plant 

species in vitro (Escalettes and Dosba, 1993). Light microscopic observations exposed 

that shoot primordia arise as small protuberances from hypodermal cells of the petiole 

explants. These grew further to form shoot buds comprising a growing apex flanked by 

subtending leaves (Pati et al., 2004). 

5.5.6 Somaclonal Variation through Different Regeneration Methods 
 

Adventitious shoots of R. gruss an teplitz produced through direct and indirect 

regeneration were inoculated on MS medium for shoot proliferation and compared 

with those obtained through shoot tip culture (Control).  Statistical analysis of data 

collected at shoot proliferation stage revealed that no significant variation was noticed 

in survival percentage and leaf area of adventitious shoots obtained through direct and 

indirect regeneration when compared these with the plants produced through shoot tip 

culture (Table 103). However, plants obtained through indirect regeneration via callus 

exhibited significant variation from other methods regarding other parameters. R. 

gruss an teplitz produced least number of shoots (2.05) shoot length (2.27 cm), fresh 
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weight (67.50 mg) and dry weight (17.62 mg). However, shoots gained through direct 

regeneration from leaf explants were not different from shoots produced through shoot 

tip culture. No leaf abnormality was noticed in any plants obtained by these 

regeneration methods. 

After one culture cycle, shoots were shifted to in vitro rooting medium. Data at 

this stage depicted that culture rooting percentage of plants produced through different 

regeneration methods was at par with each other as shown in Table 104. Plants 

obtained through indirect regeneration produced significantly less number of roots 

(7.75) and root length (1.66 cm) as compared to direct regeneration from leaves and 

shoot tip cultures (Control). Similarly plants produced through indirect regeneration 

yielded least fresh weight (147.79 mg) and dry weight (24.18 mg) as compared to 

control. However, fresh and dry weight obtained through direct regeneration was not 

significantly different from control. 

Rooted plants of R. gruss an teplitz were acclimatized in glass house. Non 

significant difference was observed regarding survival percentage of R. gruss an teplitz 

after acclimatization. However, height of plants produced through indirect 

regeneration (8.48 cm) was significantly less (Table 105) than direct regeneration 

(12.03 cm) and control (13.06 cm) as illustrated in Fig 32. However, no significant 

difference was recorded in number of nodes per plants. Minimum internodal distance 

was recorded in the plants produced through indirect regeneration which ultimately 

reduced plant height. Through indirect regeneration leaf area was also found to be less 

than other regeneration methods. Contrarily to other parameters no significant 
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variation was found in color components of leaves of plants of R. gruss an teplitz as 

shown in Table 106. 

Our results illustrate that somaclonal variation cause considerable variation in 

plantheight along with variation in other characters. Our results are also in line with 

the work of Stephens et al. (1991) who produced somaclonal variants having reduced 

height in soyabean. Arene et al. (1993) also observed no phenotypic variants with rose 

plants produced from direct regeneration from leaves. However,   he reported variation 

with plants regenerated from calli. Growth regulator especially 2, 4-D have been 

implicated in tissue culture induced variability (Thirugnanakumar et al., 2009) 

Variations occurrence only in case of regeneration from callus confirms the 

effect of this undifferentiated cell phase on promoting somclonal variability (De Klerk, 

1990) and genetic instability (D'Amato, 1985). The phenotype of the callus-derived 

plants might be dissimilar from the mother plant. This may be due to genetic and 

epigenetic changes stimulated by environmental conditions along with the tissue 

culture growth (Kaeppler et al., 2000). Callus-mediated methods induce somaclonal 

variation (Barcelo et al., 1994) as callus culture itself is an origin of genome instability 

(Eudes et al., 2003).  

Small differences in the variants suggest that several genes or a minor gene 

may have been changed. If chromosome aberrations were present or genes for 

qualitative traits had been changed it may generate abnormal plants and larger 

variation (Stephens et al., 1991). Generally, gene mutations occur oftenly in tissue 

culture derived plants, and therefore, tissue culture system can be considered like 
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mutation process. Since somaclonal variation can widen the genetic variation in plants, 

many plant characters including plant height can be changed (Jain et al., 1998). 

The possible genetic mechanisms affecting DNA changes include changes in 

chromosome structureor number (Evans and Sharp, 1986). DNA changes could 

include nuclear DNA amplification or deletion, DNA sequence rearrangements 

(deletion, and/or addition), non-active transposable elements e.g. reterotransposable 

DNA methylation (Brar and Jain, 1998), mitochondrial DNA changes e.g., sequence 

alteration or presence of low molecular weight species (Kemble and Shepard, 1984), 

alteration of a single gene base pair, or deamplification of ribosomal-RNA genes 

(Landsmann and Uhrig, 1985). Epigenetics, heritable phenotypic variation without 

changes in DNA sequence, has a role in somaclonal variation (Kaeppler et al., 2000). 

No phenotypic variation was observed in R. gruss an teplitz plants regenerated 

through direct regeneration from leaves as direct somatic embryogenesis tends to yield 

genetically stable plants, since there is no callus phase (Larkin and Scowcroft, 1981) 

and typically single-cell origin of the induced embryos facilitates the production of 

non chimeric transformants (Iantcheva et al., 1999).  According to Kim et al. (2003) 

somatic embryos produced directly from an explant Plant material are less subject to 

genetic variation. 
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Table 103.  Somaclonal variation in rose species through different regeneration methods during shoot proliferation 

 
 
 
 

Table 104.  Somaclonal variation in rose species through different regeneration methods during in vitro rooting 

   

Regeneration Method %    

 

	  

				  

  

 

Shoot tip culture 100.00 A 2.30 A 2.63 A 0.84 A 83.75 A 23.87 A 

Direct regeneration 96.50 A 2.15 AB 2.59 A 0.90 A 87.50 A 24.62 A 

Indirect 
regeneration 

98.25 A 2.05 B 2.27 B 0.88 A 67.50 B 17.62 B 

LSD 0.05 4.937 0.226 0.268 0.125 9.519 1.813 

Regeneration Method Rooting 
percentage 

Number of 
roots 

Root length      
(cm) 

Fresh weight (mg) Dry weight 
(mg) 

Shoot tip culture 98.33 A 9.62 A 2.02 A 161.70 A 31.40 A 

Direct regeneration 96.58 A 9.22 A 2.05 A 163.27 A 30.86 A 

Indirect regeneration 94.99 A 7.75 B 1.66 B 147.79 B 24.18 B 

LSD 0.05 7.587 1.293 0.244 12.129 3.991 
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Table 105.  Somaclonal variation in rose species through different  regeneration methods during  acclimatization 
 

 
 
 

Table 106. Leaf color variation in rose species through different regeneration methods during acclimatization 

Regeneration methods Survival 
percentage 

plant height 
(cm) 

No of nodes Internodal distance 
(cm) 

Leaf Area  
(cm2) 

Shoot tip culture  91.37 A 13.06 A 6.25 A 2.09 A 5.24 A 

Direct regeneration 87.68 A 12.03 A 5.76 A 2.14 A 5.43 A 

Indirect regeneration 81.25 A 8.48  B 5.90 A 1.46 B 4.23 B 

LSD 0.05 17.055 3.065 2.073 0.449 0.986 

Regeneration method L* a* b* c* h° 

Shoot tip culture 8.72 A 4.35 A 3.00 A 5.31 A 34.75 A 

Direct regeneration 9.30 A 5.16 A 2.82 A 5.89 A 28.61 A 

Indirect regeneration 8.74 A 4.28 A 2.48 A 4.97 A 30.87 A 

LSD 0.05 2.015 1.410 0.747 1.382 9.183 
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Fig 30.  Different size of calli in R. gruss an teplitz, R. centifolia and R. 

borboniana with  different 2, 4-D concentrations 

 

 

 

  

 

 

Fig  31.  Indirect and direct regeneration in R. gruss an teplitz 
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Fig 32.  Plant height of R. gruss an teplitz grown through shoot tip culture 

(A), direct (B) and indirect (C) regeneration 
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Chapter 6 

EVALUATION OF GENETIC VARIATION BASED ON RAPD 
ANALYSIS 

6.1 INTRODUCTION 

Identification of phenotypes is based on morphological and physiological 

characters, although it needs keen observation upto the maturity of plants. Moreover, 

some in vitro induced changes cannot be noticed, as the gene’s structural differences 

and protein do not alter the biological activity always to such an extent that it can be 

recorded phenotypically. In this case, variation can be recorded by DNA analysis 

(Marı´a Jesu’s et al., 2010). Development in molecular research of `model plant 

species depend on the induction and identification of mutants as a tool for the study of 

developmental genetics and elucidation of biochemical pathways (Roe et al., 1993). 

The most excellent way to evaluate the diversity is based on DNA markers allowing 

differentiating between two genotypes having no environmental influences (Newbury 

and Ford-Lloyd, 1993). Different molecular markers are used to evaluate the genetic 

diversity of the germplasm. It includes randomly amplified polymorphic DNA 

(RAPD), amplified fragment length polymorphism (AFLP), restriction fragment length 

polymorphism (RFLP) and simple sequence repeats (SSRs). Among these PCR based 

DNA markers unspecified primers (RAPD) have become exceedingly popular for 

assessment of variability within species (Nybom and Bartish, 2000). Therefore, in 

present study RAPD techniques was used to detect the genetic variation found in the 

mutants of rose species, induced through in vitro mutagenesis. 
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6.2 REVIEW OF LITERATURE 

Mutants that show morphological characteristics better than previous elders 

and show the existence of a genetic difference is expected to be developed into new 

varieties which are superior. The success of mutation can be observed through changes 

in morphology, anatomy, and also at the DNA level (Widiastuti et al., 2010). 

Presently, there are various methods available which can be used to detect and monitor 

tissue culture-derived plants and cultivar identification. The most reliable methods are 

the molecular marker techniques that identify the variance depending on the plant 

proteins, which are expressed from defined regions of DNA or DNA polymorphisms 

(Gaafar and Saker, 2006). Different DNA markers, such as RFLPs, RAPDs and 

microsatellites, have been used to assess genetic variation induced by tissue culture in 

plants (Devarumath et al., 2002; Pew and Deng, 2005). RAPD is a powerful technique 

for identification of genetic variation. It has the distinct advantage of being technically 

simple and quick to perform, requiring only small amounts of DNA (Gaafar and Saker, 

2006). 

 RAPD markers are considered to be a rapid tool for assessing genetic diversity 

at molecular level and this technique has further advantages over other systems of 

genetic documentation because it has a universal set of primers and no preliminary 

work such as probe isolation, filter preparation, or nucleotide sequencing is necessary 

in various plant species (Millan et al., 1996). Any genetic change induced by in vitro 

conditions of tissue culture is expected to generate stable plants carrying interesting 

heritable traits. Therefore, their early detection is considered to be very useful in plant 

tissue culture and transformation studies. Shiran et al. (2007) using RAPD method 
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demonstrated an extensive genetic variability within the tested cultivars of peach. 

Williams et al. (1990) has found successful application in describing somaclonal 

variability in regenerated individuals of several plant species. The genetic variability 

based on Random Amplified Polymorphic DNA markers was analyzed by Debener et 

al. (1996) among 10 cultivated rose varieties and 9 wild species from three different 

series of the genus Rosa. Moreno et al. (1995) used the RAPD technique in 

determining the intra- and inter-specific variation and genetic relationship among 22 

species of Rosa with the aim to assess the discriminatory power of RAPD markers in 

these areas. RAPD can serve as the rapid method for screening of somaclones and 

determining variation at DNA level (Rani et al., 1995).  

Genetic variation of regenerated plantlets following in vitro mutation was 

detected via RAPD in chrysanthemum. RAPD bands produced from eighteen 10-mer 

arbitrary primers were used to assess the genetic variation of plantlets. The further 

analysis of RAPD result showed that genetic variation of generated plantlet was 

proportional to the dosage of gamma rays. Therefore, RAPD is a useful technique for 

the rapid and easy assessment of genetic variation of mutants and may become a 

potential tool for the quick selection of mutants with great genetic variation during 

early growth stages (Teng et al., 2008).  

Yamaguchi et al. (2008) reported that nuclear DNA content of 

chrysanthemums decreased with increasing dose and dose rate of gamma rays, 

indicating that the nuclear DNA content could be used as an index of radiation 
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damage. The number of plants of Chrysanthemum morifolium with reduced nuclear 

DNA content increased with increasing irradiation doses (Yamaguchi et al., 2010).  

6.3 MATERIALS AND METHODS 

6.3.1 Plant Material and Total Genomic DNA Extraction 

Expected mutants were analyzed for any typical variation from parent plant. 

Young tender leaves of putative rose mutants were taken and DNA extreacted by the 

method illustrated by Dellaporta et al. (1983) modified by Weising et al. (1995). 

About 1.5 gm tender leaves were taken and washed with distilled water. After cleaning 

and drying, the leaves were grinded in liquid nitrogen and DNA extracted with CTAB, 

hot extraction buffer [2% CTAB, 20 mM EDTA, 100 mM Tris-HCl, 1% w/v PVP 

(polyvinyl pyrrolidone), 1.4 M NaCl, 2% (v/v) ß-mercaptoethanol and pH 8.0]. The 

mixture was placed at 60 °C in hot water bath for 1 hour, followed by extractions with 

chloroform/isoamyl alcohol (24:1). After incubation isopropanol were added to get 

precipitation of nucleic acids and then obtained pellet were dissolved in Tris-EDTA 

(TE) buffer (10 mM Tris-HCl, 1 mM EDTA and pH 8.0). RNaseA was added to 

remove Co-precipitated RNA by digestion. Remaining impurities were removed with 

processed phenol and chloroform. Total DNA was precipitated using cold ethanol. The 

precipitate was washed twice with 70 % ethanol and TE buffer was used to dissolve 

the pellets. The extracted DNA was quantified by gel electrophoresis. Extracted DNA 

of rose mutants was stored at 4°C. 
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6.3.2 PCR Amplification  

Two sets of decamer random primers (OPS and OPV) from Operon 

Technologies Inc., Alameda, California, USA were used to determine genetic 

variation. Amplification reactions were performed in 25 µl volumes containing 2 µl 

primers, genomic DNA of rose (3 µl), Taq DNA polymerase (1 unit), 6µl 10x PCR 

buffer and distilled water (8 µl). DNA amplification was done with a thermocycler 

programmed for initial pre-denaturation at 94 °C for 5 min. 40 cycles at 94°C (1 min.), 

38 °C (1 min.), 72 °C (2 min.) and incubation period at 72 °C. for 5 min. 

6.3.3 Agarose Gel Electrophoresis 

After amplification Gel Electrophoresis was carried out on 1% agarose gel in 

0.5 x Tris-borate-EDTA (TBE) buffer with Ethidium Bromide stain (Sambrook et al., 

1989). Gel was visualized under ultarvoilet light and photographs were taken by the 

gel documentation system.  

6.3.4 Data Analysis 

The gelsphotographs were used to score data for RAPD markers. RAPD is a 

dominant marker (Shiran et al., 2007), thus they present bistate (Present-absent) 

scoring. The molecular size of the amplicons was recorded by comparing with 1 kb 

DNA ladder. RAPD fragments were scored as a binary variable (1) presence and (0) 

for absence of each of the primer accession combinations. Only bright and visible 

bands were scored while faint bands were not considered for analysis. Allelic 

polymorphism information content (PIC) was calculated according to following 

formula as described by Anderson et al., (1992). 



216 
 

6.3.5 Polymorphism Information Content (PIC) = 1- ∑i=1 (Pi)2 

Where Pi is the proportion of the population carrying the ith allel, calculated 

for each microsatellite locus. Genetic similarity between the genotypes was estimated 

using similar matching coefficient in the software NTSYS-pc 2.1 (Rohlf, 2000). The 

similarity matrix thus obtained was subjected to cluster analysis using the unweighted 

pair-group method with arithmetic average (UPGMA) using the same software. 

6.4 RESULTS AND DISCUSSIONS 

Present study was conducted to evaluate the genetic variation in the putative 

mutants of rose species. The results of this study are elaborated as under. 

6.4.1 Genetic Variation Induced by Gamma Irradiation 

In order to get amplification of rose mutants a total of 40 decamer RAPD 

primers from S and V series (Operon Technologies Inc. Almeda CA, USA) were 

screened among which 12 primers amplified rose genotypes. These 12 primers were 

used to amplify the DNA of putative mutants of R. gruss an teplitz, R. centifolia and R. 

borboniana species induced by gamma irradiation. Amplified results exhibited that 

overall 128 alleles were present in the mutant of all these species. Size of amplified 

bands ranged from 250 bp to 8000 bp. Among the putative mutants of R. gruss an 

teplitz maximum number of bands (11) was observed in mutant GM3. In case of R. 

centifolia maximum score (10) was recorded in control and mutant GM2. Similarly, 

maximum bands (10) were scored by mutant GM3 of R. borboniana.Total number of 

bands amplified by these primers in mutants of R. gruss an teplitz, R. centifolia and R. 

borboniana were recorded to be 204, 241 and 231 respectively. In V series only 8 
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primers were able to amplify the rose mutant. Among these primers OPV-8 and OPV-

12 amplified maximum number of alleles that were recorded to be 14. These primers 

amplified 150, 171 and 154 bands out of 204, 241 and 231bands in the mutants of R. 

gruss an teplitz, R. centifolia and R. borboniana, respectively. 

Among the primers of V series OPV-10, OPV-15, OPV-17 and OPV-18 

amplified DNA of maximum number of genotypes that was five in R. gruss an teplitz 

while OPV-6 and OPV 8 amplified minimum genotypes (1). In OPS series four primers 

were able to amplify the DNA of rose genotypes. OPS-11 amplified maximum number 

of DNA of genotypes (5) than other primers. Among OPS series OPS-3 and OPS-5 

amplified DNA of five genotypes while OPS-18 amplified DNA of one genotype of R. 

gruss an teplitz. Banding pettern is shown in Fig. 34. Among the mutants of R. 

centifolia DNA of maximum genotypes (5) were amplified by the primers OPV-10 and 

OPV-15 while minimum (3) by OPV-6 and OPV-8. OPS series amplified DNA of 

maximum genotypes (5) with the help of primers OPS-3 and OPS-5 while minimum (3) 

by OPS-11 and OPS-18. In OPV series primers OPV-6, OPV-10, OPV-12 and OPV-15 

amplified DNA of maximum genotypes (5) of R. borboniana while minimum (1) by 

OPV-20. Similarly in OPS series maximum amplification occurred with OPS-3 and 

OPS-5 while minimum with OPS-18. 

Similarity data matrix revealed that range of similarity coefficient among five 

genotypes of R. gruss an teplitz was 0.327 to 0.775 (Table 107). Results elaborated 

that minimum similarity (32.7%) was observed between control RG and mutant GM4. 

Similarly, mutant GM1 (35.7%) have less similarity with GM4. Genotype GM2 
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showed close resemblance (77.5%) with GM3. Similarity data matrix of                      

R. centifolia exhibited that similarity coefficient range between 0.324 to 0.737. 

Minimum similarity was noticed between CM1 and CM3 while maximum between 

CM2 and CM4 (Table 108). In mutants obtained from R. borboniana similarity 

coefficient fall in the range of 0.442 and 0.811. Minimum similarity 44.2% was 

depicted by mutant BM2 with control RB while maximum 81.1% was recorded 

between BM3 and BM4 as given in Table 109. 

Polymorphism information content (PIC) value show the polymorphism  level 

evaluate by the primers and therefore is a good marker to select the polymorphic 

primer. In present study PIC value was computed for the individual primers. Results 

indicated that PIC value ranged from 0.3648 to 0.6420 (Table110), 0.2688 to 0.6420 

(Table 111) and 0.000 to 0.6420 (Table 112) for the primers used for the amplification 

of DNA of mutants of R. gruss an teplitz, R. centifolia and R. borboniana respectively. 

The average value of PIC was computed to be 0.4806, 0.5043 and 0.4676 for primer 

used for the amplification of DNA in  genotypes of R. gruss an teplitz, R. centifolia 

and R. borboniana respectively.  Primer OPS-05 and OPV-17 gave maximum PIC 

value (0.6420) in genotypes of R. gruss an teplitz while in R. centifolia OPS-3, OPS-

11 OPS-18, OPV-8 and OPV-12 (0.6420) PIC value. Similarly, in genotypes of R. 

borboniana primers OPS-18, OPV-12 and OPV-15 gave maximum PIC value 

(0.6420). These primers were able to display the highest level of polymorphism among 

the rose genotypes. 
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Dendrogram based on genetic distance clearly showed the relationship among 

different genotypes of R. gruss an teplitz as shown in Fig 33. Dendrogram illustrated 

that mutant GM4 was found to be more diverse to control RG (32.7%) and also 

different from other genotypes. Mutant GM2 and GM3 were also diverse from other 

genotypes but quite similar (77.5%) to each other. 

Dendrogram of genotypes of R. centifolia depicted (Fig 34) that mutant 

CM1and CM3 were dissimilar than control RC. Mutant CM2 and CM4 were 73.7% 

similar to each other. Mutant in group of R. borboniana (Fig 35) showed minimum 

similarity with control RB. Moreover, mutant BM2 exhibited maximum dissimilarity 

than control. 

RAPD bands produced from eighteen 10-mer arbitrary primers were used to 

assess the genetic variation of plantlets regenerated from floret-derived calli treated 

with 0, 10, 15 and 20 Gy gamma rays. These primers generated a total of 167 bands 

ranging in size from 0.3 to 2.0 kb, of which 61.7% were polymorphic and 38.3% 

monomorphic. The number of bands per primer ranged from 4 to 14, with an average 

of 9.3. RAPD is a useful technique for the rapid and easy assessment of genetic 

variation of mutants and may become a potential tool for the quick selection of 

mutants with great genetic variation during early growth stages (Teng et al., 2008). 

Each sample of tetraploid black locust produced a total of 63 bands with an average 

frequency of 3 bands per primer and the amplified products ranged in size from 564 bp 

to 3,530 bp (Shu et al., 2003). Teng et al. (2008) presented the worth of RAPD to 

identify mutation and genetic difference in Chrysanthemum. They used 18 primers  
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Table 107: Coefficients of similarity matrix based on RAPD data between 
  mutants obtained through gamma irradiation in R. gruss an teplitz 

 
 

Table 108: Coefficients of similarity matrix based on RAPD data between pair of 
obtained through gamma irradiation in R.centifolia 

 
Table 109: Coefficients of similarity matrix based on RAPD data between 

mutants obtained through gamma irradiation in R. borboniana 
 

 RG GM1 GM2 GM3 
 

GM4 

RG 1         

GM1 0.636  1       

GM2 0.548  0.712  1     

GM3 0.552  0.603  0.775  1   

GM4 0.327  0.357  0.418  0.61  1 

 RC CM1 CM2 CM3 CM4 
RC 1     

CM1 0.504 1    

CM2 0.682 0.58 1   

CM3 0.505 0.324 0.568 1  

CM4 0.564 0.346 0.737 0.696 1 

 RB BM1 BM2 BM3 BM4 

RB 1     

BM1 0.493 1    

BM2 0.442 0.64 1   

BM3 0.565 0.495 0.773 1  

BM4 0.488 0.46 0.661 0.811 1 
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Table 110:  PIC value of   primers used for the amplification of DNA of 
mutants of R. gruss an teplitz obtained through gamma irradiation 

 

Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.4500 
2 OPS-05 TTTGGGGCCT 0.6420 
3 OPS-11 AGTCGGGTGG 0.4662 
4 OPS-18 CTGGCGAACT 0.3648 
5 OPV-06 ACGCCCAGGT 0.3648 
6 OPV-08 GGACGGCGTT 0.3648 
7 OPV-10 GGACCTGCTG 0.3648 
8 OPV-12 ACCCCCCACT 0.5812 
9 OPV-15 CAGTGCCGGT 0.5350 
10 OPV-17 ACCGGCTTGT 0.6420 
11 OPV-18 TGGTGGCGTT 0.4102 
12 OPV-20 CAGCATGGTC 0.5812 
 
Table 111:  Values of Polymorphism Information Content (PIC) of primers 

used for the amplification of DNA of mutants of R. centifolia 
obtained through gamma irradiation 

 

Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.6420 
2 OPS-05 TTTGGGGCCT 0.5350 
3 OPS-11 AGTCGGGTGG 0.6420 
4 OPS-18 CTGGCGAACT 0.6420 
5 OPV-06 ACGCCCAGGT 0.2688 
6 OPV-08 GGACGGCGTT 0.6420 
7 OPV-10 GGACCTGCTG 0.1638 
8 OPV-12 ACCCCCCACT 0.6420 
9 OPV-15 CAGTGCCGGT 0.2688 
10 OPV-17 ACCGGCTTGT 0.5350 

11 OPV-18 TGGTGGCGTT 0.5350 

12 OPV-20 CAGCATGGTC 0.5350 
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Table 112: Values of Polymorphism Information Content (PIC) of   primers 
used for the amplification of DNA of mutants of R. borboniana 
obtained through gamma irradiation 

 
Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.6102 

2 OPS-05 TTTGGGGCCT 0.0000 

3 OPS-11 AGTCGGGTGG 0.5700 

4 OPS-18 CTGGCGAACT 0.6420 

5 OPV-06 ACGCCCAGGT 0.5350 

6 OPV-08 GGACGGCGTT 0.6102 

7 OPV-10 GGACCTGCTG 0.1638 

8 OPV-12 ACCCCCCACT 0.6420 

9 OPV-15 CAGTGCCGGT 0.6420 

10 OPV-17 ACCGGCTTGT 0.3318 

11 OPV-18 TGGTGGCGTT 0.3648 

12 OPV-20 CAGCATGGTC 0.4992 
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Fig 33.   RAPD based genetic relationship between mutant of R. gruss an 
teplitz obtained through gamma irradiation and  shown by UPGMA  
cluster   analysis  

 

Fig 34.   RAPD based genetic relationship between mutant of R. centifolia  
obtained through gamma irradiation 
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Fig 35.   RAPD based genetic relationship between mutant of R. borboniana 
obtained through gamma irradiation and  shown by UPGMA  
cluster   analysis 

 

 

Fig 36.Agarose gel showing RAPD banding pattern  produced with OPV-18       6        
7        8        9   
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which produced 167 reproducible bands ranging from 0.3 to 0.2 kb. These results are 

in association with the current study. Mohapatra and Rout, 2006 assessed the genetic 

relationship among 34 cultivars of rose with the aid of 4 RAPD series (A, B, D and N), 

chosen primers created 162 bands which fall in the range of 100 bp to 3400 bp in size. 

Trindade et al. 2009 used 17 RAPD primers along with ISSR to characterize the 

aromatic plant species of Thymus caesptitus and reported 127 polymorphic bands in its 

31 accessions with wide range of genetic diversity.  

6.4.2 Genetic Variation Induced by Colchicine Solution  

Screening of 40 primers of S and V series were done and found amplification 

of rose genotypes by nine primers. These primers were used to amplify the putative 

mutants of three rose species i.e R. gruss an teplitz, R. centifolia and R. borboniana. 

Amplified results exhibited that overall 62, 78 and 60 alleles were present in the 

mutants of R. gruss an teplitz, R. centifolia and R. borboniana respectively. Size of 

amplified product ranged from 500 bp to 4000 bp. Maximum number of bands (9) 

were observed in genotype RG and total 103 bands amplified by primers in all 

genotypes of R. gruss an teplitz. In genotypes of R. centifolia total amplified bands 

were 191 while maximum number of bands (8) were observed in genotype CM2. In 

the third species R. borboniana maximum nuber of bands (7) were recorded in RB, 

BM1, BM2 and BM4. Total numbers of bands were 109. 

Among the primers of V series only four primers amplified the rose mutants in 

R. gruss an teplitz. Among these primers OPV-20 amplified maximum number of 

amplicons that was recorded to be 11. These primers amplified 63 out of total 103 
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bands. OPV-15 (Fig. 40) and OPV-10 amplified maximum number of genotypes (05) 

while OPV-20 amplified DNA of only one genotype. In S series three primers were 

able to amplify the DNA of rose genotypes. OPS-3 OPS-11 amplified more number of 

amplicons (9) than OPS-5 which amplified eight amplicons. Among primers of OPS 

series OPS-3 and OPS-5 amplified DNA of five genotypes while OPS-11 and OPS-18 

amplified DNA of only one genotype, respectively. 

Data of mutants obtained from R. centifolia showed that five primers from V 

series while four primers from S series amplified DNA of genotypes. Maximum 

number of amplicons were amplified by primer OPV-20. Primers of both series 

amplified 181 bands. OPV-15, OPS-3 and OPS-5 amplified all genotypes (5). Mutants 

of R. borboniana depicted that seven primers from OPS and OPV series amplified 

DNA of genotypes.  OPV-20 amplified maximum number of alleles and also amplified 

maximum genotypes. Primers of OPV series amplified 80 bands out of 109 bands.  

OPS-3 and OPS-5 amplified four genotypes. 

Similarity data matrix revealed that range of similarity coefficient among   the 

mutant of R. gruss an teplitz ranged from 0.412 to 0.789 as shown in Table 113. 

Results elaborated that minimum similarity 41.2% was observed between genotype 

GM3 and control RG. Moreover, genotypes GM1 and GM2 were found to be very 

close to one another as similarity percentage between these two genotypes was 

computed to be 78.9%. Data recorded from the mutants produced from R. centifolia 

exhibited that similarity among genotypes was in range of 0.406 to 0.85 (Table 114). 

Minimum similarity was found between genotype CM1 and CM3 while maximum 
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value between CM1 and RC. In genotypes of R. borboniana maximum similarity 

88.1% was found between BM1 and BM2 while genotype BM3 was quite dissimilar 

from all other genotypes (Table 115). 

PIC value was in range from 0.1638 to 0.6420, 0.2688 to 0.6420 and 0.1638 to 

0.6420 for the primers used for the DNA amplification of mutants of R. gruss an 

teplitz, R. centifolia and R. borboniana respectively, obtained by using colchicine 

solution (Table 116, 117 &118). The average PIC value was calculated 0.3944, 0.5022 

and 0.4771 for the primers used for R. gruss an teplitz, R. centifolia and R. borboniana 

genotypes. Primer OPV-15, OPS-11 and OPS-3 gave maximum PIC value (0.6420) in 

the genotypes of R. gruss an teplitz, R. centifolia and R. borboniana respectively. 

However, minimum level of polymorphism (0.1638) was observed for primer OPV-10 

used for R. gruss an teplitz and R. borboniana while in R. cetifolia OPV-8 gave 

minimum value (0.2688). 

Dendrogram based on genetic distance clearly showed the relationship among 

different genotypes of these rose species (Fig. 37). Dendrogram of genotypes of R. 

gruss an teplitz showed two clusters “A” and “B”. In cluster “B” there was only one 

genotype i.e control RG while cluster “A” contain all mutants that were found to be 

more diverse and different from cluster “B”. Among the genotypes of cluster “A” 

mutant GM1 and GM2 were similar to each other. 

Similarly, dendrogram of R. centifolia genotypes also constructed two clusters 

“A” and “B”.  In cluster “A” there were two genotypes CM1 and CM2 that were 



228 
 

dissimilar from control and other mutants found in cluster “B” as shown in Fig 38. 

CM1 and CM2 have very close resemblance to each other. Dedrogram regarding 

mutants of R. borboniana (Fig 39) developed two clusters. In cluster “A” there was 

only one mutant BM3 which was quite different from other genotypes and control RB 

found in other cluster “B”. In cluster “B”  BM1 and BM2 have 88.1% similarity. 

Since the procedure depends on the differential PCR amplification of DNA 

sequences using arbitrary oligonucleotide primers, polymorphisms resulting from for 

example, deletions or insertions in the amplified regions or base changes altering 

primer binding sites etc. will be revealed (Baird et al., 1992). These are mutational 

events which have been proposed to be involved in creating heritable variation in plant 

tissue cultures (Evans, 1989). 

The results of this work demonstrate that the RAPD system is specific enough 

to ensure that with a suitable primer/ DNA cycling regime, a sufficient number of 

polymorphisms can be detected to differentiate not only between species but also 

between different lines. Such an approach has already been suggested for parental 

determination and varietal identification in maize (Welsh et al., 1991. Our results 

demonstrate that RAPD is sufficiently specific to differentiate between particular plant 

lines, and sensitive enough to enable discrimination not only between tissues at 

different culture stages, but more importantly, between regenerated plants, even when 

there is no ostensible morphological abnormality (Brown et al., 1993). 
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Table 113: Coefficients of similarity matrix based on RAPD data between pair of 
mutants obtained from R. gruss an teplitz through colchicine solution 

 

 
 

Table 114: Coefficients of similarity matrix based on RAPD data between pair of 
mutants obtained from R. centifolia through colchicine solution 

 

 
   

 RG GM1 GM2 GM3 GM4 

RG 1         

GM1 0.571  1      

GM2 0.512  0.789 1    

GM3 0.412  0.759 0.757 1   

GM4 0.44  0.622 0.755 0.636  1

 RC CM1 CM2 CM3 CM4 

RC 1     

CM1 0.85 1    

CM2 0.747 0.729 1   

CM3 0.543 0.406 0.507 1  

CM4 0.493 0.381 0.595 0.83 1 
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Table 115: Coefficients of similarity matrix based on RAPD data between pair of 
mutants obtained from R. borboniana through colchicine solution 

 
 
Table116: PIC value of  primers used for the amplification of DNA of  mutants of 

R. gruss an teplitz obtained through colchicine solution 
 
Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.4662 

2 OPS-11 AGTCGGGTGG 0.3648 

3 OPV-06 ACGCCCAGGT 0.3648 

4             OPV-10 GGACCTGCTG 0.1638 

5 OPV-15 CAGTGCCGGT 0.6420 

6 OPV-20 CAGCATGGTC 0.3648 

 

   

 RB BM1 BM2 BM3 BM4 

RB 1     

BM1 0.863 1    

BM2 0.778 0.881 1   

BM3 0 0 0 1  

BM4 0.542 0.566 0.5 0 1 
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Table 117:  Values of Polymorphism Information Content (PIC) of   primers 
used for the amplification of DNA of  mutants  of R. centifolia 
obtained through colchicine solution 

 
Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.4918 

2 OPS-05 TTTGGGGCCT 0.5350 

3 OPS-11 AGTCGGGTGG 0.6420 

4 OPS-18 CTGGCGAACT 0.6102 

5 OPV-06 ACGCCCAGGT 0.6420 

6 OPV-08 GGACGGCGTT 0.2688 

7             OPV-10 GGACCTGCTG 0.4662 

8 OPV-15 CAGTGCCGGT 0.4992 

9 OPV-20 CAGCATGGTC 0.3648 

 

Table 118: Values of Polymorphism Information Content (PIC) of   primers used 
for the amplification of DNA of  mutants of R. borboniana obtained 
through colchicine solution 

Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.6420 

2 OPS-05 TTTGGGGCCT 0.5812 

3 OPV-06 ACGCCCAGGT 0.5812 

4 OPV-08 GGACGGCGTT 0.3648 

5             OPV-10 GGACCTGCTG 0.1638 

6 OPV-15 CAGTGCCGGT 0.6420 

7 OPV-20 CAGCATGGTC 0.3648 
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Fig 37.  RAPD based genetic relationship between mutant of R.gruss an teplitz 
obtained through colchicine solution  

Fig 38.  RAPD based genetic relationship between mutants of R. centifolia 
obtained through colchicine solution  

A 

B 

A 

B 
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Fig 39.   RAPD based genetic relationship between mutants of R. 
borboniana obtained through colchicine solution  

Fig 40 .  Agarose gel showing RAPD banding pattern produced with primer 

OPV-15 

 

 

A 

B 
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6.4.3 Genetic variation induced through colchicine medium 

Total 40 primers of S and V series were tested, out of which twelve primers 

amplified the DNA of genotypes. These primers were used to amplify the genotypes of 

three rose species. Amplified results exhibited that overall 121 alleles were present in 

the putative mutant of these species. Size of amplified product ranged from 250 bp to 

8000 bp. Maximum number of bands (9) were observed in GM7 and GM8 among the  

mutants of R. gruss an teplitz. Total 325 bands were amplified by these primers. 

Among the genotypes of R. centifolia RC and CM9 yielded maximum bands (10) 

while total amplified bands were 353. In R. borboniana total amplified bands were 118 

and maximum bands (8) were produced by genotypes BM4 and BM5. 

In OPS series only four primers amplified DNA of rose mutants of R. gruss an 

teplitz and R. centifolia while only three primers amplified DNA of mutants of R. 

borboniana. Among these primers OPS-18 amplified maximum number of alleles 

(14). These primers of OPS series amplified 65, 126 and 50 bands in genotypes of R. 

gruss an teplitz, R. centifolia and R. borboniana respectively. In OPV series eight 

primers were able to amplify the DNA. OPV-8 (Fig 44, 45 & 46) amplified maximum 

number of alleles (14) than other primers. Total amplified bands were 260, 227 and 68 

in genotypes of R. gruss an teplitz, R. centifolia and R. borboniana respectively.  

To estimate the genetic relationship in putative mutant of R. gruss an teplitz 

species RAPD amplification data were subjected to compute the similarity matrix 

values using simple matching coefficient. The values of similarity coefficient ranged 
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from 0 to 0.909 (Table 119) in genotypes of R. gruss an teplitz. Minimum similarity of 

genotype GM2 was depicted with GM5, GM7, GM8 and GM9 which showed that 

these are genetically most diverse genotypes. On other hand genotypes GM10 and 

GM11 showed the maximum similarity between them. These two genotypes were 90.2 

percent genetically similar to one another. The genotypes GM9 and GM5 also depicted 

the much similarity between them. The values calculated for resemblance between 

these two genotypes were 79.1% showing 91 percent genetic similarity to one another. 

The similarity coefficient of genotypes of R. centifolia ranged from 0 to 0.714. In this 

group of genotypes maximum similarity (71.4%) was recorded between genotypes 

CM1 and control RC. On the other hand minimum similarity of CM11 was found with 

CM2 and CM5 which shows that these genotypes are quite diverse from each other 

(Table 120). Among the genotypes of R. borboniana similarity ranged from 0 to 0.667 

as shown in Table 121. Maximum similarity was exhibited between genotypes BM2 

and BM3 which shows that these genotypes are 66.7 percent similar to each other. 

BM1 depicted minimum similarity with BM5 and BM6. Similarly, BM3 also 

presented minimum similarity with BM6. 

The similarity matrix among rose genotypes was used to construct a 

dendrogram for determining grouping among these genotypes on the basis of 

similarities and differences as shown in Fig 41. Cluster analysis resulted in the 

grouping of thirteen R. gruss an teplitz genotypes into two main clusters at 23 percent 

similarity level.  Clusters are the small groups which unite the genetically similar 

genotypes and make the explanation of dendrogram simple. In present study the main 
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clusters were named as “A” and “B”. Cluster “A” consists of five genotypes which are 

labeled as GM5, GM6, GM7, GM8 and GM9. These genotypes are quite diverse from 

rest of the genotypes but the similarities among them are also very low. Cluster “B” 

was further subdivided into two subcluster B1 and B2. Subcluster B1 and B2 each 

consisted of four genotypes of R. gruss an teplitz.  

Results indicated that the value of PIC ranged from 0.2265 to 0.6611(Table 

122), 0.5056 to 0.6569 (Table 123) and 0.4529 to 0.6319 (Table 124), in genotypes of 

R. gruss an teplitz, R. centifolia and R. borbonina respectively as shown in Table . The 

average value of PIC was computed to be 0.5243, 0.6114 and 0.5350 for primer used 

for the amplification of DNA of mutants of these species.  Maximum PIC value 

(0.6611) was recorded for the primer OPS-05 in mutants of R. gruss an teplitz. Among 

the primers used for the amplification of DNA of mutants of R. centifolia primers 

OPS-18, OPV-10 and OPV-15 gave maximum PIC value that was 0.6569. While 

primers OPS-18 and OPV-3 in genotypes of R. borboniana gave 0.6319 PIC value.  

Fig. 42 presented dendrogrm of thirteen gentypes of R. centifoli aand was 

divided into two cluster “A” and “B”. Cluster “A” consisted of two genotypes CM11 

and CM12 of R. centifolia. Cluster “B” was further divided into four subclusters B1, 

B2, B3 and B4. Subcluster B1 is consisted of CM5 and CM6 genotypes which are 

diverse from other subclusters but quite similar to each other. Subcluster B4 contained 

three genotypes which were labeled as RC, CM1 and CM2. 



237 
 

Cluster analysis of seven genotypes of R. borboniana was divided into two 

clusters “A” and “B” (Fig 43). Cluster “A” has only one genotype BM1 which is 

diverse from all other genotypes. Cluster “B” is further subdivided into B1 and B2. 

Two genotypes RB and BM6 were found in subcluster B2 which are 54.5% similar to 

each other. Subcluster B1 has four genotypes BM2, BM3, BM4 and BM5. BM2 has 

66.7 % with BM3 while BM4 and BM5 60.4% similarity. 

Eight decamer primers resulted a total of 98 reproducible PCR bands that were 

used to compute the Nei and Li’s genetic distance (GDNL) coefficients amongst 24 

cut-flower Anthurium andraeanum cultivars. Values varied from 0.018 to 0.163 with 

an average of 0.09. A dendrogram grouped the cultivars into four main clusters. 

Cultivar ‘Antartica’ was genetically different from all the others. ‘Midori’ and 

‘Bourgogne’ together formed a cluster (Nowbuth et al., 2005). The leading fragment 

amplified was in the range of 1500 to 2600 bp while the smallest but easily 

recognizable fragment was about 300 bp. Most bands were concentrated between 500 

to 1500 bp. (Nowbuth et al., 2005). Number of bands scored for each primer varied 

from 4 to 6. The average number and bands size produced per primer for cut flower 

anthurium cultivars were comparable to those obtained by Ranamukhaarachchi et al 

(2001) with pot plant anthurium species. The genetic similarity in groundnut 

accessions ranged from 59.0% to 98.8%, with an average of 86.2%. Both multi 

dimensional scaling and unweighted pair-group method with arithmetic averages 

(UPGMA) dendrograms revealed the existence of distinct clusters. 
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Table 119:  Coefficients of similarity matrix based on RAPD data mutants obtained from R. gruss an teplitz through 
colchicine supplemented medium 

  

 RG GM1 GM2 GM3 GM4 GM5 GM6 GM7 GM8 GM9 GM10 GM11 GM12 

RG 1             

GM1 0.64 1            

GM2 0.511 0.634 1           

GM3 0.431 0.578 0.857 1          

GM4 0.731 0.522 0.372 0.468 1         

GM5 0.269 0.261 0 0.213 0.458 1        

GM6 0.31 0.231 0.082 0.075 0.407 0.519 1       

GM7 0.273 0.2 0 0.164 0.387 0.677 0.647 1      

GM8 0.255 0.245 0 0.2 0.431 0.627 0.386 0.738 1     

GM9 0.298 0.293 0 0.238 0.512 0.791 0.327 0.561 0.783 1    

GM10 0.667 0.533 0.381 0.348 0.638 0.34 0.34 0.295 0.36 0.429 1   

GM11 0.612 0.558 0.45 0.409 0.667 0.356 0.353 0.271 0.333 0.4 0.909 1  

GM12 0.523 0.508 0.679 0.6 0.426 0.262 0.328 0.24 0.125 0.143 0.6 0.586 1 
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Table 120: Coefficients of similarity matrix based on RAPD data between mutants obtained from R. centifolia through 
colchicine supplemented medium 

 RC CM1 CM2 CM3 CM4 CM5 CM6 CM7 CM8 CM9 CM10 CM11 CM12 

RC 1             

CM1 0.714 1            

CM2 0.5 0.625 1           

CM3 0.366 0.388 0.537 1          

CM4 0.203 0.364 0.327 0.619 1         

CM5 0.073 0.157 0.157 0.105 0.154 1        

CM6 0.273 0.226 0.129 0.245 0.216 0.606 1       

CM7 0.493 0.551 0.319 0.321 0.318 0.05 0.431 1      

CM8 0.361 0.588 0.294 0.255 0.326 0.256 0.32 0.702 1     

CM9 0.437 0.602 0.41 0.371 0.379 0.185 0.431 0.722 0.732 1    

CM10 0.381 0.475 0.25 0.328 0.291 0.353 0.613 0.667 0.647 0.723 1   

CM11 0.235 0.085 0 0.118 0.182 0 0.138 0.167 0.114 0.2 0.17 1  

M12 0.235 0.255 0.043 0.059 0.182 0.111 0.345 0.333 0.286 0.28 0.298 0.286 1 
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Table 121:  Coefficients of similarity matrix based on RAPD data between 
mutants obtained from R. borboniana through colchicine 
supplemented medium 

 
Table 122:  Values of Polymorphism Information Content (PIC) of   primers used 

for the amplification of DNA of  mutants of R. gruss an teplitz 
obtained through colchicine medium 

 
Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.5036 

2 OPS-05 TTTGGGGCCT 0.6611 

3 OPS-11 AGTCGGGTGG 0.4244 

4 OPS-18 CTGGCGAACT 0.4179 

5 OPV-01 TGACGCATGG 0.5654 

6 OPV-03 CTCCCTGCAA 0.2265 

7 OPV-06 ACGCCCAGGT 0.6428 

8 OPV-08 GGACGGCGTT 0.5548 

9 OPV-10 GGACCTGCTG 0.6097 
10 OPV-12 ACCCCCCACT 0.4855 

11 OPV-15 CAGTGCCGGT 0.6097 

12 OPV-20 CAGCATGGTC 0.5904 

 

  

 RB BM1 BM2 BM3 BM4 BM5 BM6 

RB 1             

BM1 0.364  1           

BM2 0.188  0.061  1         

BM3 0.154  0.148  0.667  1       

BM4 0.118  0.057  0.607  0.52  1     

BM5 0.207  0  0.353  0.178  0.604  1   

BM6 0.545  0  0.303  0  0.171  0.4  1 
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Table 123: Values of Polymorphism Information Content (PIC) of   primers used 
for the amplification of DNA of  mutants of R. centifolia obtained 
through colchicine medium 

 
Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-03 CAGAGGTCCC 0.6189 
2 OPS-05 TTTGGGGCCT 0.6565 

3 OPS-11 AGTCGGGTGG 0.5148 

4 OPS-18 CTGGCGAACT 0.6569 

5 OPV-01 TGACGCATGG 0.5056 

6 OPV-03 CTCCCTGCAA 0.5455 

7 OPV-06 ACGCCCAGGT 0.6217 

8 OPV-08 GGACGGCGTT 0.6438 

9 OPV-10 GGACCTGCTG 0.6569 

10 OPV-12 ACCCCCCACT 0.6522 
11 OPV-15 CAGTGCCGGT 0.6569 

12 OPV-20 CAGCATGGTC 0.6070 

 
Table 124:  Values of Polymorphism Information Content (PIC) of   primers 

used for the amplification of DNA of  mutants of R. borboniana 
obtained through colchicine medium 

 
Sr. No. Primer Name Sequence (5'-3') PIC 

1 OPS-05 TTTGGGGCCT 0.5015 

2 OPS-11 AGTCGGGTGG 0.4529 

3 OPS-18 CTGGCGAACT 0.6319 
4 OPV-01 TGACGCATGG 0.4529 

5 OPV-03 CTCCCTGCAA 0.6319 

6 OPV-06 ACGCCCAGGT 0.5874 

7 OPV-08 GGACGGCGTT 0.6019 

8 OPV-12 ACCCCCCACT 0.5015 

12 OPV-20 CAGCATGGTC 0.4529 
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Fig 41.  RAPD based genetic relationship between mutants of R. gruss an teplitz 
obtained through colchicine supplemented medium 

 

Fig 42.  RAPD based genetic relationship between mutants of R. centifolia 
obtained through colchicine supplemented medium  
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Fig 43.  RAPD based genetic relationship between mutants of R. borboniana 
obtained through colchicine supplemented medium  

 

 

Fig 44. Agarose gel showing RAPD banding pattern produced with primer 
OPV-8 
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Fig 45 . Agarose gel showing RAPD banding pattern produced                 
with primer OPV-8 

 

 

 

 

Fig 46 . Agarose gel showing RAPD banding pattern produced with            
primer OPV-8 
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The pair-wise estimates of genetic similarities revealed that most of the accessions that 

included interspecific derivatives showed a high degree of genetic similarity at the 

molecular level following RAPD assay (Dwivedi et al., 2001). 

6.4.4 Genetic variation induced through somaclonal variation 

In order to get amplification of rose somaclones a total of 40 decamer RAPD 

primers from two S and V series (Operon Technologies Inc. Almeda CA, USA) were 

screened. Among  these primers only eleven primers, four from OPS and seven from 

OPV series amplified reproducible, bright and clear bands. Primers of OPS series were 

OPS-3, OPS-5, OPS-11 and OPS-16 while OPV series primers were OPV6, OPV10, 

OPV12, OPV15, OPV16, OPV18 and OPV20. These primers were used to analyze the 

somaclonal variation in R. gruss an teplitz. 

Genetic analysis showed 88 alleles were detected by these primers in the four 

rose somaclones.  Alleles per primer were ranged from six to thirteen. Maximum 

numbers of alleles (13) were amplified by OPV-12 followed by OPV-6 (11). These 

primers produced about 192 bands ranging from 500 bp to 10000 bp. In OPS series 

highest number of bands (35) were produced by OPS-11 (Fig.48) while in OPV series 

by OPV-6 (29). However, minimum bands were produced by OPV-12 (5).  

Genetic relationship in rose somaclones was estimated by computing the 

similarity matrix values using simple matching coefficient. The values of similarity 

coefficient ranged from 31 to 71 percent (Table 125). Minimum similarity (0.315) was 

measured between genotype RG and GM3. Similarly GM2 also showed least 
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similarity (0.409) with RG depicting that these are genetically most diverse genotypes. 

Genotype GM1 and GM2 showed maximum similarity showing that that these are 71 

percent genetically similar to one another. 

A dendrogram based on similarity matrix was constructed to make cluster for 

genotypes as shown in Fig 47. Dendrogram was divided into three subclusters. 

Sublusters shown that genotype GM3 was more diverse from other genotypes. 

Similarly, genotype GM1 and GM2 were similar to each other but diverse from 

genotype RG.  

The reason for somaclonal variations is well stated. Somaclonal variation may 

be a result of gene amplification, chromosomal irregularities, point mutation and 

alteration in DNA methylation. Morever, in vitro culture environs may be mutagenic. 

It is also mentioned that plants which show any type of phenotypic variation are 

expected to show the same variation at the molecular level (Larkin and Scowcroft, 

1981). The importance of diversity classification cannot be ruled out both for plant 

breeding and collection of germplasm. However, the method of detection of this 

variation depends on the available tools to researchers (Hadian et al., 2008).  RAPD is 

universally known for its finding of genetic variation and categorization of germplasm 

from any organism (William et al., 1990). The results of this study also show this fact 

and in agreement to other studies. Joy and Raja, (2010) accomplished that the RAPD 

technique is easy, fast and reproducible to identify somaclonal variations in J. 

auriculatum.  Adiguzel (2006) classify the eight species of Astragalus while Kiani et 

al., (2008) and Hadian et al., (2008) classified the different species of rose using the 
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same molecular technique. Introduction of molecular marker technology in 

micropropagtion programmes of date palm might increase efficiency, because growing 

of plants in in vitro cultures is associated with some genetic modification termed 

somaclonal variations (Larkin and Scowcroft, 1981). 
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Table125.  Coefficients of similarity matrix based on RAPD data between pair of 
rose  genotypes of R. gruss an teplitz 

 

Fig 47.  RAPD based genetic relationship between rose genotypes shown by 

UPGMA  cluster   analysis 

 

 RG GM1 GM2 GM3 

RG 1    

GM1 0.611 1   

GM2 0.409 0.712 1  

GM3 0.315 0.46 0.531 1 

 

Nei & Li's Coefficient

RG 

 

 

0.4  0.5  0.6 0.7 0.8 0.9  1

GM1

GM2

GM3
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Fig 48: Agrose gel showing RAPD banding pattern produced with OPS-11.  
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GENERAL DISCUSSION 

Present study was aimed to produce reduced-stature plants and to improve 

flower color and size through in vitro mutagenesis using gamma irradiation, colchicine 

and somaclonal variation techniques. For this purpose cultures of R. gruss an teplitz, R. 

centifolia and R. borboniana were established by disinfestation of shoot tips with 0.1% 

HgCl2. It gave maximum survival percentage with limited occurrence of bacterial and 

fungal contamination. According to   Skirvin et al. (1990) HgCl2 is commonly used 

with 70% ethanol for surface sterilization of many plants.  

Increase in concentrations of BAP showed an ascending order up to a level of 1 

mgl-1 then a declining trend with increase in concentrations. These results can be related 

to the manipulation of exogenous cytokinins concentrations that may cause an increase 

of endogenous auxin concentrations which is probably induced by an inhibition of free 

IAA conjugates due to the presence of exogenous cytokinins (Jaramillo et al., 2008). 

Axillary bud out growth, a process of apical dominance release, can be improved as a 

result of exogenous cytokinins (Kapchina et al., 2000). Purine-type cytokinins 

effectively release the apical dominance in in vitro propagated ornamentals (Bollmark 

et al., 1995; Kapchina et al., 2000).  

BAP depicted a declining trend after attaining maximum shoot length at 

optimum level. Purine type cytokinin BA more positively affects the growth, 

development and the appearance of micro plants. Elongation decreases with increase 

in number of shoots at high level of BA (Carelli and Echeverrigary, 2002).  This can 
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be caused either by better uptake and more efficient utilization of the purine cytokinin 

or by the lower level of endogenous cytokinins (Veneta et al., 2005).  

Maximum leaf area was recorded at the optimum dose of 1.0 mgl-1 BAP. 

However, after this level increase in the level of BAP showed a declining trend. Al-

Bahrany (2002) also reported that at higher BAP level leaves became smaller or 

remained unaffected. Rajeevan and Pandey (1986) also reported reduction in leaf size 

at higher concentrations of BAP.  

It is inferred from the results that BAP at 1.0 mg l-1 is the optimum concentration 

for the better performance of this particular hormone to increase in fresh and dry weight. 

However, fresh weight declined when concentrations is further increased. According to 

Peres et al.(2001) Cytokinin increases biomass accumulation due to increase in number 

of leaves, shoot length and number of shoots by stimulating cell division and elongation 

through mobilization of nutrients. Higher BAP concentrations showed the injurious 

effects and decresed the fresh and dry weights of shoots (George et al., 2008). 

Rooting percentage increased in all species with an increase in level of IBA 

upto a certain level then a declining trend in rooting percentage was observed. 

Maximum rooting percentage is probably due to the reason that optimum 

concentration of IBA might be responsible to increase the cambial growth at the base 

of microcuttings that result in differentiation of root primordia (Haq et al., 2009). IBA 

appears to be a better auxin but its higher concentrations can reduce the level of root 

regeneration percentage as it appear to have lethal effect (Iqbal et al., 2003).   
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Number of roots increased with increase in the  level of IBA upto a concentration 

of 0.50 mgl-1 then a descending order was noticed because higher concentrations of IBA 

imposed reduction in root number and vigour. Iqbal et al., (2003) explained that 

application of IBA brought changes in the protein synthesis and RNA production which 

increase number of roots by stimulating cell division processes (Husen and Pal, 2007). 

Increase in concentration of IBA promoted root length up to certain level and 

beyond that inhibiting impact on root length was recorded. Auxin is formed in shoots 

and moved to effect the development of other tissues in the lower part of stem cuttings. 

It boosts cell elongation and has other growth-regulating effects also (Camellia et al., 

2009). The most favorable concentration of IBA induces cell enlargement by extruding 

protons actively into the region of cell wall and  resulting in a pH decrease in 

motivating cell wall loosening enzyme that promotes the breakage key bonds of cell 

wall and increase cell wall extensibility; hence, causing an increase in cell size and 

elongation (Taiz and Zeiger,  2006). 

After the culture establishment and shoot multiplication micropropagated shoot 

tips of R. gruss an teplitz, R. centifolia and R. borboniana were irradiated with gamma 

rays upto 120 Gy. Minimum survival percentage was recorded at 60, 30 and 50 Gy 

respectively. However, above these doses of gamma rays there was a complete 

mortality. Responses regarding survival and growth rate clearly shows that the 

radiosensitivity to gamma rays is genotype dependent (Pinet-Leblay et al., 1992). 

Among genotypes tolerance differences against gamma rays is closely linked with 

number of chromosomes (Busey, 1980) and nuclei damages after radiations mainly 
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cause lethality which shows the genotypic response (Tubiana et al., 1986). Lea (1947) 

and Sax (1942) have also shown that plants survival based on the nature and extent of 

damage on chromosomes. Increase in chromosomal damage due to increase in 

concentration may be responsible for decrease in plants survival and growth. 

At the highest doses significant increase in abnormal leaves was observed. The 

development of such abnormalities in leaves of the irradiated populations may be due 

to disturbances in physiology and chromosomal aberrations (Datta, 1997). It is 

considered that chromosomal breakage, decrease in the auxin level, variation in the 

concentration of ascorbic acid and change in enzyme activity are factors which lead to 

abnormalities in leaves (Datta, 1997).  

Reduction in culture rooting percentage, number of roots and root length was 

recorded with the increase in the gamma rays level. Alike our results increasing dosage 

of mutagens caused root development to be postponed giving poor rooting percentage 

and less roots per plant in lotus (Arunyanart and  Soontronyatara, 2002). Destruction 

and inactivation of auxin balance by irradiation could be the main reason for this 

inhibitory effect of high doses on root development in gamma irradiated plants 

(Hewawasam et al., 2004). 

Shoot length,  plant height, number of nodes, intermodal distance, fresh weight, 

dry weight and leaf area decreased with increase in gamma rays level. Lee et al. (2010) 

also reported that growth rate is decreased with an increase in radiation dose. A sharp 

reduction in growth may be caused by slowed cell division, abnormal nutrimental 

transportation, lower hormone synthesis, and metabolic disorders due todamage of 
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apical meristem under gamma irradiation (Celso and Maria, 1992). Moreover, 

Yamaguchi et al. (2008) reported that nuclear DNA content of chrysanthemums 

decreased with increasing dose and dose rate of gamma rays, indicating that the 

nuclear DNA content could be used as an index of radiation damage. Cassells et al. 

(1993) noticed exponentially decrease in number of nodes with increase in dose in the 

cultures established from irradiated nodes. This might be due to the decreased quantity 

of endogenous growth regulators, particularly the cytokinin, as a result of break down, 

or shortage of synthesis, due to irradiation (Omar, 1988). Like our results Theiler-

Hedtrich (1990) also seen considerable variation in cherry rootstock regrding 

internodal distance after gamma irradiation at the Co60 dose of 30Gy. Internodal 

distance remarkably decreased with an increase of gamma irradiation level up-to 50Gy 

(Lee et al., 2010). Decrease in fresh and dry weight with increasing doses may be due 

to slow cell division and abnormal transport of nutrients and disorders of metabolic 

activity by apical meristem damage under gamma irradiation (Okamoto and Tatara, 

1995). Moreover, efficiency of photosynthesis and biomass were also decreased 

significantly at higher doses of rays (Anderson and Aro, 1994). Nuclear DNA content 

also decreased with increasing dose and dose rate of gamma rays (Yamaguchi et al. 

2008) which caused smaller leaves (Yamaguchi et al., 2010 

Rose leaves showed a declining trend with an increase in the level of gamma 

irradiation and maximum green color at the highest dose. Changes in the leaf color due 

to irradiation are thought to occur because of the increased amount of chlorophyll due 

to gamma irradiation stress (Harahap, 2005). Gamma irradiation technique can be 
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successfully used for the improvement of color (Byun et al., 2002). Like our results 

Han (2004) also reported that blueberries became darker after irradiation and the a* 

and b* values decreased. Similarly, Byun et al. (2004) also reported that with an 

increase of irradiation dose L* value increased while the value of   the color “a*” and 

“b*” of  L. japonica decreased.  

Flower size decreased with increase in gamma irradiation level and minimum 

flower size was recorded at the dose of 60Gy irradiation.The mutagen treatment breaks 

the nuclear DNA and during this course of DNA repair mechanism, new mutations are 

induced randomly and heritable (Jain and Maluszynski, 2004). Wongpiyasatid et al. 

(2007) also reported decrease in flower diameter of African violet with increase in 

gamma irradiation.  

Variation in flower color was found with increase in gamma irradiation level. 

A colour change in mutants involved both the qualitative and the quantitative pigments 

modifications. Ionising radiation in most mutants resulted in a complete or partial 

genes inactivation that participates in the biosynthesis of color pigments (Lema-

Rumińska and alewska, 1995). Induction of flower colour mutation after gamma 

irradiation is in conformity with the results obtained earlier for other ornamentals 

(Datta and Banerji, 1990; Datta, 1997).  

In third experiment rose shoot tips were treated with colchicine and minimum 

survival percentage was noted at 1100 mgl-1 of colchicines in rose species. Similarly 

plants in colchicine medium for a maximum incubation period showed least survival 

percentage. In this process, treated plants are badly affected, inhibiting regular growth 
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or even death of the plants, depending on the colchicine doses (Shao et al., 2003). 

High concentrations of colchicine have been associated with plant cell death because 

of the highly toxic effect of this antimitotic agent, which blocks spindle fiber 

development and modifies the differentiation process (Pintos et al., 2007).  

Higher colchicine solution concentrations yielded inferior results regarding 

number of shoots. Plants with maximum incubation period of 11 days in colchicine 

medium also produced least number of shoots.  Our results are also in conformity with 

Hewawasam et al. (2004) who also reported that colchicine treated plants of 

crossandra increased number of branches at lower concentrations (0.03%), which 

again decreased with increase in doses. 

Percentage of plants showing leaf abnormalities were increased with the 

increase in the colchicine concentration in solution and medium. Percentage was also 

increased with increase of incubation period.The development of such abnormalities in 

leaves of colchicine applied populations was perhaps due to aberrations in 

chromosomes (Datta, 1997). Abnormal leaves percentage increased with increasein 

concentration of colchicine (Hewawasam et al., 2001). 

Poor results produced at the highest dose of 1100 mgl-1 with less rooting 

percentage, number of roots and root length. Similarly highest doses and incubation 

period also produced poor results.The probable reason for these results could be the 

necessary endogenous hormone balance in the hormone free medium required for 

rooting in untreated shoots than colchicine treated plants. Increasing dosage of 

mutagens caused root development to be postponed giving less number of roots per 
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plant. Destruction and inactivation of exogenous auxin balance by colchicine have 

earlier been reported by Skoog (1935) and Gordon and Weber (1953). 

Shoot length, plant height, number of nodes, intermodal distance, fresh weight, 

dry weight, leaf area and flower size depicted an inclining trend with an increase in the 

level of colchicine concentration both in solution and medium. Increase in incubation 

also resulted increase in morphological characteristics. Colchicine acts by binding to 

the tubulin dimmers, preventing the formation of microtubules and consequently, 

spindle fibers during cell division (Stanys et al., 2004; Petersen et al., 2003). So, the 

chromosome becomes double, but mitosis has not so far occur and failure of cell wall 

formation results in the polyploid cells. These cells were more in size than diploid, 

with large cell volume mostly developed into thicker tissues, thus resulting large size 

plant organs (Rauf et al., 2006). Increased DNA content support further cells growth. 

Increasing ploidy level also allows further growth of plant organs which appear to 

have some compensatory mechanism to maintain the overall organ size. It is generally 

considered that increasing polyploidy multiplies the DNA available for gene 

expression and this, in turn, boost the metabolic activity of cells to support further 

growth (Leiva-Neto et al., 2004). Singh (2003) also reported that majority of variants 

among the regenerated plants may be due to structural and numerical chromosomal 

changes induced during the culture. 

Variation in color of leaves and flowers was also found in colchicine treated 

population at the highest concentration and incubation period. Since polypoidization 

also results in the duplication of gene products, phenotypic variants having deeper 
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color can be produced (Gao et al., 1996). Like our results Liu et al. (2007) also 

produced plants of Platanus acerifolia  by using colchicine which have  the leaf darker 

green in appearance. Number of chromosomes of a plant increases the number of 

genes and thus changes isozyme diversity and activity of enzymes. This can influence 

the pathways of biosynthesis. Induction of polyploidy increase secondary metabolites 

quantities and also changes them qualitatively (Bertea et al., 2005; Saharkhiz, 2007). 

Induced polyploidy also intensified flower colors in carnation and cyclamen 

(Takarnura and Miyajima, 1996; Yamaguchi, 1989).  

In another set of trial somaclonal variation was observed through indirect 

regeneration via callus when compared these with the plants produced through direct 

regeneration and shoot tip culture. Our results illustrated that somaclonal variation 

cause considerable variation. Our results are also in line with the work of Stephens et 

al. (1991) who produced somaclonal variants. Arene et al. (1993) also reported 

variation with plants regenerated from calli. Growth regulator especially 2, 4-D have 

been implicated in tissue culture induced variability (Thirugnanakumar et al., 2009). 

Variations occurrence only in case of regeneration from callus confirms the effect of 

this undifferentiated cell phase on promoting somclonal variability (De Klerk, 1990) 

and genetic instability (D'Amato, 1985). The phenotype of the callus-derived plants 

might be dissimilar from the mother plant. This may be due to genetic and epigenetic 

changes stimulated by environmental conditions along with the tissue culture growth 

(Kaeppler et al., 2000). Callus-mediated methods induce somaclonal variation 

(Barcelo et al., 1994) as callus culture itself is an origin of genome instability (Eudes 
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et al., 2003). No phenotypic variation was observed in R. gruss an teplitz plants 

regenerated through direct regeneration from leaves as direct somatic embryogenesis 

tends to yield genetically stable plants, since there is no callus phase (Larkin and 

Scowcroft, 1981) and typically single-cell origin of the induced embryos facilitates the 

production of non chimeric transformants (Iantcheva et al., 1999).   

Putative mutants were analysed through RAPD analysis and found genetic 

diversity in different rose genotypes.The results of this work demonstrate that the 

RAPD system is specific enough to ensure that with a suitable primer DNA cycling 

regime, a sufficient number of polymorphisms can be detected to differentiate between 

species. Such an approach has already been suggested for parental determination and 

varietal identification (Welsh et al., 1991). Our results demonstrate that RAPD is 

sufficiently specific to differentiate between particular plant lines, and sensitive 

enough to enable discrimination not only between tissues at different culture stages, 

but more importantly, between regenerated plants, even when there is no ostensible 

morphological abnormality (Brown et al., 1993). 
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SUMMARY 

Rose is a beautiful flower of immense horticultural importance (Hameed et al., 

2006) due to its commercial and ornamental value. The most important rose products 

are rose water, rose conserve and rose oil which are also commonly used in cosmetic, 

perfume, and pharmaceutical industry (Hussain and Khan, 2004). It is generally 

accepted that there are many rose species, however only a few of them exhibit the 

marked fragrance that is sought by perfumeries around the world (Antonelli et al., 

1997). Rosa gruss-an-teplitz, Rosa centifolia and Rosa borboniana are grown 

throughout the Pakistan (Hashmi, 2006) and have strong fragrance (Beales et al., 1998; 

Saeed, 2005) 

Unfortunately in Pakistan, floriculture is almost an ignored sector. Rose species 

grown in Pakistan have unique characteristics but have large plant size, small size 

flowers, and lacks variegation in their color which is not demanding characters for 

recent market trend. As these species have unique characteristics so there was need to 

develop mutants from these species to make them more diverse and multipurpose for 

its ornamental beauty and domestic consumption.  But in Pakistan, no significant work 

has been reported on in vitro mutagenesis in cultivated species through physical and 

chemical mutagens. Therefore, present study was designed to induce positive variation 

in roses for plant height, color variation, color variegation and flower size to increase 

its commercial value.   

For this purpose cultures of R. gruss an teplitz, R. centifolia and R. borboniana 

were established by disinfestation of shoot tips with 0.1% HgCl2. Then different 
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concentrations of BAP and IBA were standardized for shoot proliferation and in vitro 

rooting respectively. R. gruss an teplitz, R. centifolia and R. borboniana yielded 

maximum number of shoots with 1mgl-1 BAP. Maximum shoot length was recorded by 

Rosa gruss an teplitz with BAP at 0.5 mgl-1 while Rosa centifolia and Rosa 

borboniana secured maximum length at 1 mgl-1. Regarding number of roots IBA gave 

maximum number of roots of R. gruss an teplitz at 1 mgl-1 while R. centifolia and R. 

borboniana  at 0.50 mgl-1. Increase in concentration of IBA promoted root length up to 

0.50 mgl-1 certain level and beyond that inhibiting effect on root length was recorded. 

Then in vitro grown shoot tips were irradiated with  Co60  gamma radiations 

and then were transferred to shoot proliferation and rooting medium respectively. 

Plants were acclimatized under controlled glass house conditions. Survival percentage 

was significantly decreased with the increase in the level of gamma irradiation. 

Minimum survival percentage was recorded in R. gruss an teplitz, R. centifolia and R. 

borboniana at 60, 30 and 50Gy respectively. Above theses doses there was a complete 

mortality. Among morphological characters number of shoots, number of roots, root 

length, plant height, number of nodes, internodal length, leaf area, fresh weight and 

dry weight decreased with increase in gamma irradiation level.  Percentage of plants 

showing leaf abnormalities was maximum at the highest doses. In leaves lightness 

(L*), chroma (c*) and hue angle (h°) increased while value of a* and b* decreased at 

highest doses. Flower color showed increase in lightness (L*), hue angle (h°) and b* 

value while decrease in chroma (c*) and a* value. However no significant variation 

was found in flower size of rose species. 
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In second experiment in vitro shoots were treated with 0, 100, 300, 500 and 

700, 900 and 1100 mgl-1 colchicine solutions for 3 hours. Decrease in survival 

percentage, number of shoots, number of roots, root length was recorded with increase 

in concentration of colchicine. Maximum plant height, number of nodes, internodal 

distance, leaf area and number of plants showing leaf abnormalities was observed at 

the dose of 1100 mgl-1 colchicine. In leaves among the components of color value of 

a*, b* and c* was decreased while hue angle (h0) increased with increase in colchicine 

concentrations. However, no significant change was observed in lightness (L*). In 

flower color value of a* and chroma  increased while lightness decreased with increase 

in colchicine level. Moreover, no significant change was noticed in b* and hue angle. 

Significant increase in flower size was measured with colchicine at 1100 mgl-1. 

Variegated, serated petals, and abnormal shape flowers in R. gruss an teplitz were also 

found in the form of chimeras.  

In another set of trial shoots were incubated in medium supplemented with 

colchicine (0, 100, 150, 300 and 450 mg l-1) for 5, 7 and 11 days. A declining trend 

was observed with the increase in the colchicine concentrations and incubation period 

regarding survival percentage, number of shoots, number of roots and color 

components (L*, a*, b*, c*, h0). Maximum Plant height, number of nodes, intermodal 

length, leaf area, Percentage of plants showing leaf abnormalities was observed at 450 

mgl-1 with incubation period of 11 days. In flower color L*, b* and h0 decreased while  

a*  and c* increased with increase in colchicine concentration and incubation period. 

Flower size was found to be maximum at 450 mgl-1 with incubation period of 11 days. 

Variegation in flowers were also found in flowers of R. gruss an teplitz. 
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Somaclonal variations were also observed by growing in vitro plants through 

direct and indirect regeneration using leaf explants. The analysis shows that among all 

treatments 2, 4-D @ 2 mgl-1 produced maximum calli in rose species. Calli produced 

from 2, 4-D was subjected to regeneration media and maximum regeneration was 

noticed in media supplemented with BAP at 4.0 mgl-1 in R. gruss an teplitz while no 

regeneration was found in R. centifolia and R. borboniana. For direct regeneration 

explants were cultured on induction medium supplemented with TDZ. Among the 

three species regeneration was observed only in R. gruss an teplitz at 1.5 mgl-1 and 2 

mgl-1 of TDZ while no regeneration was found in R. centifolia and R. borboniana. 

Maximum somaclonal variation was found in plants  regenerated through indirect 

methods. Morphological characters viz. number of shoots, shoot length, number of 

roots, root length, plant height, internodal distance and  leaf area was significantly less 

in plants regenerated from calli. Contrarily to other parameters no significant variation 

was found in color components of leaves of R. gruss an teplitz.  

Putative mutants obtained through gamma irradiation, colchicine and 

somaclonal techniques were analysed through RAPD analysis. Genetic diversity was 

found in mutant genotypes of rose species. Now these mutants need to be monitored 

over the next few years for vegetative and floral characteristics. This study adds to the 

on going efforts to increase diversification in vegetative and floral characteristics. The 

outcome of the study will be helpful for future studies regarding induction of 

mutations in rose species. 
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CONCLUSION 

 BAP and IBA at the concentation of 1 mgl-1 was found optimum for 

shoot proliferation and in vitro rooting respectively. Maximum variation in plant 

morphological characters was found when shoot tip explants of R. centifolia, R. 

borboniana and R. gruss an teplitz were irradiated with Co60 gamma rays @ 30, 50 

and 60Gy respectively. Among colchicine solutions, 1100 mgl-1 concentration applied 

to rose species proved best for the induction of desired changes.  Moreover, colchicine 

at the rate of 450 mgl-I with incubation period of 11 days improved different 

morphological characters. Among the different regenration methods somaclonal 

varition was found maximum in  the plants obtained through    callus regeneration. 
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