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ABSTRACT 
The nodal explants of rose cultivars were cultured in MS medium supplemented with different 
concentrations of PGRs for the optimization of growth conditions for shoot proliferation. The 
best multiplication of nodal explants occurrred in the combination concentration of BAP and KN 
(5.0 mgl-1+2.5 mgl-1). Half strength MS medium containing NAA and BAP (2.0 mgl-1+0.5 mgl-1) 
in combination was most effective for rooting. Well rooted microshoots were dipped in bavistin 
(0.1%, w/v; 2 min), washed with running tap water and transferred to plastic cups containing 
sand and garden soil (1:1) and showed healthy growth with 60% survival in ex-vitro conditions. 

Key Words : Rose cultivars, Nodal explants, MS medium, Micropropagation, 
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ABBREVIATIONS 

BAP   6-Benzylaminopurine 
IAA   Indole-3-acetic acid 
IBA   Indole-3-butyric acid  
KN    Kinetin 
MS    Murashige and Skoog medium 
NAA Naphthalene Acetic Acid 
PGRs Plant Growth Regulators  
PVP   Poly-vinyl-pyrrolidone 
RH     Relative Humidity  

INTRODUCTION 
The woody perennials of Rosa species from 
the family Rosaceae, grown as ornamentals 
and for their essential oils since ancient 
times have gained importance worldwide for 
their use in the pharmaceutical and food 
industries1 but in the past few years, the 
general interest has also shifted towards 
floriculture2 opening up new source of 
employment opportunities for the small and 
marginal farmers including the youth and 
women of today. The rose plants are 
generally propagated by stem cuttings which 
is the conventional method but budding and  

grafting are also common. However, such 
techniques are expensive, time taking and 
difficult along with other drawbacks such as 
seasonal dependence, slow production and 
inability to produce disease free plants3. As 
such, the in vitro propagation techniques 
have been emphasized upon and successfully 
applied to satisfy the growing demand for a 
number of commercially important plants4. 
In floriculture, large scale production of 
different rose plant species or cultivars 
through tissue culture techniques have been 
successfully reported5-7 and variations with 
respect to carbon source, agar and/or plant 
growth regulators for improving upon the 
micro propagation protocols of rose 
cultivars8 have also been stressed upon. 
Apart from floriculture, the Rosa species have 
great economic value in the fields of 
perfumery, medicine and food industry which 
is supported from published works viz., R. 
damascena in perfumery and pharmacology9 or 
in the form of health promoting ingredient10, R. 
damascena and R. centifolia for essential oil11, 
Rosa gruss-an-teplitz for making bouquets and 
wreaths12 etc.   *Author for correspondence 
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AIMS AND OBJECTIVES 
To develop a simple and efficient micro 
propagation protocol for the rose cultivars of 
commercial value in the state of Uttarakhand, 
India which harbours suitable climatic 
conditions for growing variety of flowers. 
With respect to ex-vitro conditions, plant 
hardening and acclimatization procedures were 
also optimized.  

MATERIAL AND METHODS 
Plant material 
The rose cultivars were brought from various 
nurseries of Dehradun, Uttarakhand, India and 
healthy rose plants were selected for tissue 
culture studies. After cleaning and thorough 
washing in running tap water for 5 minutes, the 
nodal explants were treated with 0.1% (v/v) 
Tween-20 for 15 minutes followed by 
treatment in 0.2% (w/v) bavistin for 20 
minutes and finally in 0.1% (w/v) mercuric 
chloride for 2 minutes with each step followed 
by washing in double distilled water several 
times. Antioxidants treatment was given to 
explants by using 0.2% (w/v) polyvinyl 
pyrollidone (PVP) for 15 minutes.  
Culture medium and conditions 
For shoot induction and proliferation, Mura-
shige and Skoog13 (MS) medium was used 
while for all the rooting experiments half 
strength MS medium was taken with 3%(w/v) 
sucrose and 0.8% (w/v) agar supplemented 
with different PGRs in both the experimental 
set ups. The pH of the medium was adjusted to 
5.8. The medium was autoclaved                           
(1.05 kg cm-2, 121oC, 20 min) and all the 
cultures were maintained at 25 ±10C in the 
culture room under a 16 h photoperiod with 
irradiance (40-50 μmol. m-2 s-1) provided by 
cool white fluorescent tubes. 
Shoot formation and multiplication 
The cytokinin KN, in different concentrations 
ranging from 0.5–4.0 mgl-1 was taken alone 
and also in combination with BAP for shoot 
induction experiments. After shoot initiation, 
different combination concentrations of 
cytokinins BAP+KN were taken for further 
proliferation    and   growth. Culture    medium  

without PGRs served as controls in all cases. 
Data was recorded regularly after 30-35 days 
of culture. 
Rooting of shoots  
For  root induction, microshoots about 2-4 cm 
long were excised from mother explants and 
transferred to half strength MS medium 
containing different concentrations of NAA 
and BAP in various combinations. Data on 
percentage of rooting, number of roots per 
shoot and length of roots per shoot were 
recorded after 6 weeks of culture. Likewise, as 
in the case of shoot formation and 
multiplication, the cultures in the same 
medium but without PGRs served as controls. 
Acclimatization of plantlets 
Well rooted microshoots were carefully taken 
out of the culture medium and dipped in 
systemic fungicide (bavistin, 0.1%, w/v; 2 
min), washed with running tap water and then 
transferred to plastic cups containing soil and 
covered with polythene bags. Three different 
types of soil were tried for acclimatization 
process. The plantlets were placed in green 
house (25C, 80% RH) for acclimatization.  
Statistical analysis 
The data on percentage of shoot or root 
response, their average number and length 
were recorded at regular intervals. The data 
were subjected to analysis of variance 
(ANOVA) and the results were analysed by 
using SPSS20 software. The comparison 
between means was carried out according to 
Duncan’s multiple range test (p< 0.05). 

RESULTS AND DISCUSSION 
The methods of surface sterilization carried out 
during several plant tissue culture studies have 
differed many times and as such,variations 
have also been reported for the different Rosa 
species under study2,14,15 but all serving a 
common purpose of obtaining aseptic cultures 
without causing damage to the explants used. 
Likewise, the surface sterilization method 
followed in the present study produced 90% 
infection free cultures and PVP was used to 
prevent browning of the medium due to 
presence of phenolics which has also been 
suggested for rose plants11.  
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The explants in MS medium with different 
concentrations of KN taken alone for shoot 
initiation showed an average shooting 
response (11–54%) in KN with best shoot 
induction at 3.5 mgl-1 (6.50±0.65 number of 
shoots per explant with shoot length of 
1.70±0.12 cm) but this value was not 
significantly different from shoot number and 
shoot length values at 2.5 mgl-1(Table 1 and 
Fig. 1(A)). Higher concentrations of KN were 
inhibitory for both the parameters taken for 
study. Further subculturing the explants in the 
same concentration did not give very good 
results. Low shoot multiplication in KN 
supplemented MS media have also been 
observed in other in vitro studies16. No shoot 
induction was observed in PGR free medium.  
Generally, BAP has been found essential and 
has been reported for bud break and 
proliferation in Rosa species17. Therefore, 
different concentrations of BAP in 
combination with KN were also tried for 
shoot initiation and multiplication and better 
results were observed in these than KN taken 
alone. The best shooting response varying 
from 82% to 85% and maximum shoot 
proliferation were achieved with respect to 
shoot number and shoot length in the 
combination concentrations of BAP and KN. 
The highest number of shoots per explant 
(9.25±0.48) and maximum shoot length 
(3.27±0.11 cm) occurred in the combination 
concentration of 5.0 mgl-1 BAP+2.5 mgl-1 
KN which was statistically significant (p< 
0.05) (Table 2 and Fig. 1(B)). Subculturing 
in the same but fresh medium resulted in 
proliferation and growth of shoots (Fig. 
1(C)). Two combination concentration 
values of BAP+KN lower than this value 
(3.5mgl-1+1.5mgl-1  and 2.5 mgl-1  +1.5 mgl-

1) also showed fairly good shoot 
proliferation and growth but their values 
were not significant from one another. 
Similar investigations on shoot 
multiplication and proliferation have also 
been reported18 in R. hybrida but the results 
on different parameters have varied  in      
the   various  combination  concentrations  of  

BAP+KN taken for study. This may be due 
to the difference in rose cultivar under 
study19. The present study also revealed that 
very high and very low concentrations were 
inhibitory with the results statistically not 
significant from each other, thus, showing a 
general trend of low shoot induction and/or 
multiplication at very high or low 
concentrations of cytokinins.  
The in vitro rooting of many rose plants have 
been carried out successfully in auxins like 
NAA, IAA and IBA20. Therefore, in the 
present study half strength MS medium 
supplemented with different NAA+BAP 
combination concentrations were taken for 
rooting under in vitro conditions. The PGR 
free medium did not show any response in 
root induction as well.  An overall good 
rooting response of 60% was observed at 2.0 
mgl-1 NAA+0.5 mgl-1 BAP respectively 
(Table 3 and Fig. 1(D)). Significant results 
(p< 0.05) were obtained in this concentration 
with highest number of roots (4.75±0.48) per 
shoot and maximum root length (4.85±0.25). 
Infact, higher and very low values were 
inhibitory for roots also. Earlier, NAA has 
been successfully used for rooting in rose 
plants21. In addition, the use of auxin in 
combination with BAP has also been 
reported22,23 in other plant species.  
Well rooted microshoots (Fig. 1(E)) were 
dipped in bavistin (0.1%, w/v; 2 min) and 
washed with running tap water and transferred 
to plastic cups containing different types of 
soil in various combinations with great care 
avoiding damage to the roots (Table 4). These 
plastic cups were covered with polythene bags 
to maintain high humidity (Fig. 1(F)). 
Watering of plantlets was done regularly.24-28 
The results show that sand and garden soil 
(1:1; v/v) combination was best for plantlets 
which showed healthy growth with 60% 
survival in ex vitro conditions (Fig. 1(G)). The 
second best performance was observed in 
sand: manure: soil (2:1:1) mixture with 40% 
survival of plantlets.29-31 
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Fig. 1 : Different stages in micropropagation of Rose cultivars. (A) Bud breaking in nodal 
explants with KN supplemented MS medium (B) Shoot initiation and multiplication in nodal 
explants with BAP+KN supplemented MS medium (C) Enhanced shoot proliferation and growth 
on sub-culturing in BAP+KN supplemented MS medium (D) Rooting of microshoot in MS 
medium containing NAA+BAP (E) Rooted plantlets prior to soil transfer (F) Plantlets kept for 
acclimatization (G) Acclimatization of plantlets  

 Table 1 : Effect of cytokinin kinetin (KN) on shoot initiation in rose cultivars  

S/N KN (mg/l) (%) response Number of shoots  per   
explant (mean ± SE) 

Average shoot 
length (cm)  (mean 

± SE) 
1 0.5 11 1.25  ± 0.25a 0.90 ± 0.04a 

2 1.0 11 1.25  ± 0.25a 1.05 ± 0.06ab 

3 1.5 36 4.50  ± 0.64c 1.33 ± 0.11cd 

4 2.5 36 6.00  ± 0.41d 1.50 ± 0.04de 

5 3.5 54 6.50  ± 0.65d 1.70 ± 0.12e 

6 4.0 46 3.00  ± 0.41b 1.20 ± 0.11bc 

Values of mean number of shoots and average shoot length not having a superscript in common differ significantly 
using Duncan’s multiple range test at p<0.05.  
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Table 2 : Effect of various combination concentrations of cytokinins (BAP+KN) on shoot 
initiation, multiplication and shoot growth in rose cultivars 

S/N BAP 
(mg/l) 

KN  
(mg/l) 

(%) 
response 

Number of shoots  per   
explant 

(mean ± SE) 

Average shoot 
length (cm) 
(mean ± SE) 

1 0 0 0 0.0 0.0 
2 1.0 0.5 46 3.50 ± 0.64a 1.17 ± 0.08a 
3 1.5 0.5 68 6.00 ± 0.41b 2.17 ± 0.08b 
4 2.5 1.5 78 7.25 ± 0.48bc 2.65 ± 0.12c 
5 3.5 1.5 82 7.50 ± 0.29c 2.70 ± 0.09c 
6 5.0 2.5 85 9.25  ± 0.48d 3.27 ± 0.11d 
7 5.5 2.5 50 4.00 ± 0.41a 1.37 ± 0.06a 

Values of mean number of shoots and average shoot length not having a superscript in common differ significantly 
using Duncan’s multiple range test at p<0.05.  

Table 3 : Effect of combination concentration of auxin and cytokinin (NAA+ BAP) on root  
induction and growth in microshoots of rose cultivars 

S/N NAA (mg/l) BAP (mg/l) (%) 
response 

Number of roots  
per explant (mean 

± SE) 

Average root 
length (cm)  
(mean ± SE) 

1 0 0 0 0.0 0.0 

2 1.0 0.5 15 1.25  ± 0.25
a
 1.80 ± 0.04

a
 

3 1.5 0.5 55 2.75 ± 0.25
b
 2.43 ± 0.25

b
 

4 2.0 0.5 60 4.75 ± 0.48
c
 4.85 ± 0.25

c
 

5 2.5 0.5 45 1.75 ± 0.48
a
 1.85 ± 0.12

a
 

6 3.0 0.5 45 1.25 ± 0.25
a
 1.73 ±0.06

a
 

Values of mean number of roots and average root length not having a superscript in common differ significantly using 
Duncan’s multiple range test at p<0.05. 

Table 4 : The percent survival of rooted plantlets of rose cultivar in different soil types 
under ex vitro conditions 

S/N Different soil types No. of rooted plantlets 
taken 

% survival under ex vitro 
conditions 

 
1 Soil 5 20.0 
2 Sand 5 20.0 
3 Manure 5 0.0 
4 Sand + manure (2:1) 5 40.0 
5 Soil + manure 5 40.0 
6 Soil + coco peat (1:1) 5 20.0 
7 Sand + garden soil 5 60.0 
8 Sand + soil+ manure (2:1:1) 5 40.0 
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CONCLUSION 
In the present study, a simple and efficient 
micropropagation protocol has been established 
for rose cultivars from different nurseries of 
Dehradun in the state of Uttarakhand, India and 
may be adopted for other rose cultivars with 
ease. Micropropagation being a viable 
alternative to conventional methods of 
propagation offers great prospects for large 
scale multiplication of superior clones 
especially in a place like Dehradun harbouring 
conducive climatic conditions for floriculture. 
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