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Abstract— Pelargonium graveolens L. Hert. is an important essential oil crop commonly known as scented geranium belonging to the 

family Geraniaceae. The aim of present study was to establish an efficient protocol for in vitro regeneration through the axillary bud 

culture. In this study Murashige and Skoog (MS) medium as basal medium and fortified with various concentrations and combinations 

of 6-benzyl amino purine (BAP), indole-3- acetic acid (IAA), adenine sulfate (AdS) and indole butyric acid (IBA) were used in order to 

shoot induction, multiplication and root induction. The maximum percentage of shoot induction with 4.33 ± 0.33 of shoots was obtained 

on the medium supplemented with 1.50 mg/L of BAP and 1.00 mg/L of IAA. The successfully initiated shoots were sub cultured on fresh 

medium with different composition of PGRs for further multiplication of shoots. The medium enriched with 1.50 mg/L of BAP, 1.0 

mg/L of IAA and 40 mg/L of AdS was found to be more efficient one for highest percentage of shoot multiplication with maximum 

number of shoots (12.66 ± 0.33) and mean shoot length of 6.33 ± 0.33cm. The healthy shoot lets were transferred to the rooting medium, 

and effective root induction with highest number of roots (16.66 ± 0.88) was obtained on the half strength MS medium fortified with 1.0 

mg/L of IBA. The well rooted healthy plantlets were transferred to green house for hardening and 88% survival rate was noticed. This 

in vitro propagation protocol could be useful for the large scale multiplication of essential oil yielding geranium plants to meet out the 

increasing demand. 
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I. INTRODUCTION 
Essential oils may be defined as odoriferous bodies of an oily nature, which are mainly obtained from plant kingdom. Essential 

oils are obtained from specialized cells, glands or ducts in the whole or part of a plant like flower, leaf, bark, root, rhizome and 

seeds. Essential oils have provided fine fragrances to cater varied human needs and tastes. The continued growth of perfume and 

cosmetic industry and the development of new product areas have led to a growing demand for essential oils through out the 

world. Pelargonium graveolens L. Hert. is an important essential oil crop commonly known as scented geranium belonging to the 

family Geraniaceae. It yields economically important geranium oil which finds use in several perfume, soap and cosmetic 

industries. In addition to this they also possess antibacterial [1], antifungal [2], pesticidal [3] and food preservative activities [4]. 

The species posses’ characteristic rosy odour due to citronellal and geraniol, often known as rose alcohols. This special odour 

renders the oil more suitable for a wide range of high grade perfumery products. 

Pelargonium graveolens is considered as the important commercial source for geranium oil in the Indian sub Continent. They are 

widely cultivated in the temperate regions of South India and they are propagated mainly by vegetative propagation [5]. The mode 

of propagation restricts the genetic improvement of P.graveolens through classical sexual breeding which ultimately end up with 

narrow genetic base. The restricted area of cultivation and the non availability of propagation materials led India to import 

geranium oil from other countries for the past 20 years [6]. Since the import is in the increasing trend, there is a wide scope for 

the cultivation of this crop in India.  In current situation the most important need is the expansion of cultivation area beyond the 

conventional hilly regions to meet out the huge demand. This can not be achieved with the help of conventional propagation 

technique and this can be fulfilled with the help of biotechnology. 

Biotechnology plays an important role in the conservation of critical genotypes of medicinal and aromatic plants by adopting 

reliable tissue culture  techniques like micro propagation, production of somaclones, somatic hybridization etc. Micropropagation 

is an innovative technique in which large number of plants can be multiplied from a single elite clone. This can be achieved with 

the help of explants obtained from meristem, shoot tip and axillary buds. It also helps to maintain the true to type nature of plant 

species.  Several in vitro studies were reported on ornamental geranium P.zonale and P.hortarum [7], [8] but only very few 
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attempts were made on the oil yielding P.graveolens [9-12]. Hence there is an immediate need to concentrate on this species to 

widen the cultivation area for the increasing demand. Micropropagation by axillary bud culture is proved to be the most reliable 

method for the large scale production of crop plants. The present study was aimed to establish rapid and efficient protocol for in 

vitro regeneration of P.graveolens through the axillary bud culture. 

II. MATERIALS AND METHODS 
Source and preparation of explants 

The healthy plant of P.graveolens for present study was collected from a reputed nursery in Bangalore and maintained 

in the green house. The mother plants were identified and authenticated by Taxonomist in Department of Botany, Pachaiyappa’s 

College, Chennai. Nodal segments with axillary buds were excised from the tender shoots and used as explants for this study. The 

nodal explants were washed with running tap water to remove the dust particle on the surface of the plant material and add few 

drops of Tween 20 and finally washed with the help of running tap water. The washed explants were transferred in to Laminar 

Air Flow chamber (LAF) where the surface sterilization was carried out with the help of disinfectant mercuric chloride (HgCl2) 

was tried with three different concentrations (0.02, 0.05 and 0.1%) for 3 minutes, to select the suitable treatment for the better 

establishment of the cultures. The sterilized explants were rinsed with sterile water for three times, and under the aseptic condition 

the nodal segment were resized about 1.0-1.5 cm long for inoculation (Fig-1a). 

Culture medium 

In the present study, Murashige and Skoog (MS) medium with 3% sucrose, 100 mg/L myo- inositol and 0.8% agar 

(Gelling agent) was used basal medium for all the experiments. The MS basal medium fortified with different concentrations of 

6-benzyl amino purine (BAP) (0.5-2.0 mg/L), indole-3-acetic acid (IAA) (0.5 and 1.0 mg/L) and Adenine sulfate (AdS) (20-40 

mg/L) was employed for shoot induction and multiplication (Table-1&2). The full and half strength MS basal liquid medium 

supplemented with indole butyric acid (IBA) (0.5 – 1.0 mg/L) were used for rooting (Table-3). The pH of the media was adjusted 

to 5.8 before autoclaving and all the media used were autoclaved for 20 minutes at 121°C and 15 psi of pressure. 

Inoculation and culture condition 

The axillary bud explants were excised and resized was about 0.5-1.0 cm length after surface sterilization and inoculated 

on MS basal medium fortified with different concentrations and combinations of PGRs. All the cultures were incubated under the 

temperature of 25 ± 2ºC and the light intensity of 2000 - 4000 Lux. The photoperiod regime for cultures was 16 hr light and 8 hr 

dark and the relative humidity was maintained between 50 - 60%. 

Initiation of shoots and multiplication 

Axillary bud explants were inoculated in each culture bottles containing MS basal medium fortified with BAP (0.5-1.5 

mg/L) with combination of 0.5&1.0 mg/L of IAA for initiation of shoots. The young multiple shoots initiated were removed and 

sub cultured on fresh medium supplemented with the combination of BAP (0.5-1.5 mg/L), 1.0 mg/L of IAA and AdS (20,30 & 

40mg/L) further multiplication of shoots. The cultures were observed regularly and the results were recorded for every sub culture. 

The number of multiple shoots per clump and the average shoot length was recorded after 4 weeks of incubation. 

Root induction and Hardening 

 The healthy individual shoots were selected for rooting and they were transferred to the medium is constituted with half 

and full strength of MS basal medium supplemented with various concentrations of IBA (0.5-1.0 mg/L) for root induction. The 

number and the length of roots were recorded to assess the best treatment. The well-rooted and healthy plant lets were taken out 

and washed thoroughly and then transferred to paper cups containing sterile soil and vermiculite in the ratio of 1:1 for primary 

hardening. The plants were maintained under green house conditions with a temperature of 28 ± 2ºC and 90% relative humidity 

for 4 weeks. After primary hardening they are transfer to polythene bags containing sand, soil and vermiculite in the ratio of 1:1:1 

secondary hardening under the shade house. The fully hardened plants were transferred to field for the field trials. 
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Statistical analysis 

All the tetsts were carried out in triplicates and the data were analyzed statistically using the SPSS 16.0 software (SPSS 

Inc., Chicago, USA) and the mean values are expressed as Mean ± SE. The significance of differences among means was carried 

out at P< 0.05 probability level using Duncan’s Multiple Range Test (DMRT). 

III. RESULTS AND DISCUSSION 
Surface sterilization 

The surface sterilization was tried with three different concentrations of mercuric chloride (HgCl2). Among these three 

treatments 0.1% for three minutes was effective and yielded more than 95% survival rate. Even though the the established explants 

in 0.5% showed better response, the survival rate was very limited, i.e., only 35 % of the aseptic cultures were established. Thus 

0.1% was selected as the ideal concentration for the successful establishment of the nodal segments. 

Initiation of shoots 

The explants were inoculated on six different media combinations and the medium supplemented with 1.5 mg/L of BAP 

and 1.0 mg/L IAA was found to be the most suitable for the maximum percentage (84.66 ± 0.88) of induction of adventitious 

shoots and produced 4.33 ± 0.33 shoots with mean length of 5.66 ± 0.33cm (Table-1; Fig-1b). In the present study, among these 

six different concentrations and combinations of PGRs, the medium supplemented with the combination of BAP (1.5 mg/L) and 

IAA (1.0 mg/L) was comparatively more efficient than other media composition on maximum percentage of shoot induction with 

highest number of shoots per explants. Hence, this medium was found to be an efficient shoot initiation and the production of 

shoot buds in terms of quality and quantity. The direct regeneration of shoots in Geranium reported by [10] [13].  

 

 

Fig. 1 In vitro Regeneration of Geranium (Pelargonium graveolens), a- Nodal segments with axillary bud explant, b- Shoot induction, c- Multiple shoots, d- 

Shoot lets with shoot induction and e- Hardened plant with vigorous growth 
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Table 1. Effect of different plant growth regulators on shoot induction 

Medium Plant Growth Regulators Percentage of Shoot 

induction (%) 

Number of Shoots 

per node 

Length of Shoots 

(cm) 

BAP 

(mg/L) 

IAA 

(mg/L) 

MS-1 

 

0.5 0.5 30.66±0.66a 1.66±0.33a 3.16±0.16a 

MS-2 

 

1.0 0.5 45.00±0.57b 3.00±0.57ab 3.33±0.16a 

MS-3 

 

1.5 0.5 59.00±0.57c 3.33±0.33b 4.10±-.10b 

MS-4 

 

0.5 1.0 49.66±0.88d 1.66±0.66a 4.10±0.20b 

MS-5 

 

1.0 1.0 70.33±1.45e 3.33±0.33b 3.50±0.28ab 

MS-6 

 

1.5 1.0 84.66±0.88f 4.33±0.33b 5.66±0.33c 

F-Value 

 

461.451 5.382 16.559 

P-Value 

 

0.000 0.000 0.000 

The values represent the Mean ± SE of ten replicates and all experiments were repeated thrice. Means with different letter within column are 

significantly different from each other at P ≤ 0.05.

Multiplication of shoots 

The cultures with newly formed multiple shoots were separated carefully and subcultured on MS basal media with different 

combination of cytokinins and auxin in order to get rapid multiplication in the subsequent multiplication cycles. Among the 

various media tried, the medium with 1.5 mg/L BAP, 1.0 mg/L of IAA and 40 mg/L AdS was found to be the best one for the 

rapid multiplication with quality micro shoots. This medium produced maximum number of shoots (12.66 ± 0.33/clump) (Table-

2; Fig-1c). 

The present finding of favorable multiple shoot production with the addition of adenine sulfate is coincidence with earlier 

reports by several workers [13], [14]. Miller and Skoog [15] showed that adenine sulfate favoured the organ initiation which 

resulting in the multiple shoot induction. The MS medium with lesser concentration of adenine sulfate was inducing less number 

of multiple shoots in addition to the sporadic rooting in the same medium. 
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Rooting and Hardening 

The in vitro developed shoot lets were separated (4 - 5cm in length) and transferred to rooting medium for root induction. 

The medium is constituted with full and half strength of MS basal medium supplemented with different concentrations of IBA. 

The root induction was observed in all media combinations, but the response was varied based on the concentration of plant 

growth regulators (Table-3). The half strength MS medium supplemented with 1.0 mg/L of IBA was responded to the maximum 

percentage of root induction (84.00 ± 0.57). This medium produced highest mean number of roots (16.66 ± 0.88) per shoot with 

mean length of 8.16 ± 0.16 cm (Table-3; Fig-1d). The similar kind of report has also been noticed earlier [10], [11]. In this study 

half strength MS basal medium fortified with three different concentrations of IBA was comparatively more efficient than full 

strength basal medium for efficient rooting.  

In vitro studies were employed on ornamental geranium to a greater extent [7], [8] but on the scented geranium it was 

very limited [13], [14], [16], [17]. Commercialization of in vitro techniques is not successfully established in oil yielding crops 

like P.graveolens. Induction of direct multiple shoots from the explants nodal segments with axillary buds is considered as a 

superior technique to achieve true-to-type plants compared to the production of plants through callus in which chances for the 

somaclonal variation are very high. Hence the present results can be used for the large scale production of oil yielding geranium 

plants to meet out the increasing demand.  

Table 2. Effect of different plant growth regulators on shoot multiplication 

 

 

Medium 

 

Plant Growth Regulators 

 

Percentage of Shoot 

Multiplication (%) 

 

 

Number of Shoots 

 

Length of Shoots (cm)  

 BAP 

(mg/L) 

IAA 

(mg/L) 

AdS 

(mg/L) 

MS-7 

 

0.5 1.0 20 28.00±1.15a 2.00±0.00a 2.16±0.16a 

MS-8 

 

1.0 1.0 20 49.66±2.60c 4.00±0.57b 2.66±0.16ab 

MS-9 

 

1.5 1.0 20 57.66±1.45d 5.00±0.00bc 4.10±0.20cd 

MS-10 

 

2.0 1.0 20 40.33±1.45b 6.66±0.88cd 4.00±0.00cd 

MS-11 

 

0.5 1.0 30 34.66±3.17b 4.00±0.00b 3.5±0.28bc 

MS-12 

 

1.0 1.0 30 59.33±2.33de 6.33±0.88cd 4.00±0.00cd 

MS-13 

 

1.5 1.0 30 70.66±2.96g 10.33±0.88f 5.26±0.93def 

International Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 21



MS-14 

 

2.0 1.0 30 67.66±1.45fg 8.00±1.15de 4.56±0.23cde 

MS-15 

 

0.5 1.0 40 64.33±2.33ef 5.66±0.33bc 4.16±0.72cd 

MS-16 

 

1.0 1.0 40 69.66±0.33fg 9.33±0.33ef 4.43±0.34cde 

MS-17 

 

1.5 1.0 40 85.33±1.45h 12.66±0.33g 6.33±0.33f 

MS-18 

 

2.0 1.0 40 80.00±1.15h 9.66±0.66ef 5.56±0.34ef 

F-Value 

 

79.422 24.226 8.118 

P-Value 

 

0.000 0.000 0.000 

The values represent the Mean ± SE of ten replicates and all experiments were repeated thrice. Means with different letter within column are significantly 

different from each other at P ≤ 0.05. 

Table 3. Effect of IBA on Root induction 

 

Medium 

Plant Growth 

Regulators 

Percentage of Root 

induction (%) 

Number of Roots per 

Shoots 

 

Length of Roots (cm) 

 

IBA (mg/L) 

MS-19 

 

0.5 36.33±0.88a 5.66±0.33a 4.00±0.00a 

MS-20* 

 

0.5 58.66±0.33b 10.00±0.57bc 5.33±0.16b 

MS-21 

 

0.75 54.00±0.57c 8.66±0.33a 5.00±0.57b 

MS-22* 

 

0.75 74.66±0.33d 14.00±1.15d 6.30±0.15c 

MS-23 

 

1.0 65.00±0.57e 12.00±0.57cd 7.06±0.23c 

MS-24* 1.0 84.00±0.57f 16.66±0.88e 8.16±0.16d 
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F-Value 832.356 

 

30.733 29.221 

P-Value 0.000 

 

0.000 0.000 

*Half strength MS basal medium; The values represent the Mean ± SE of ten replicates and all experiments were repeated thrice. Means with different letter 

within column are significantly different from each other at P ≤ 0.05. 

IV. CONCLUSION 
The aim of present study was achieved and the successful production of multiple shoots and in vitro root formation were 

dependent on the nutrient medium and the culture conditions. The explants axillary buds were found to be suitable for successful 

regeneration. The successful protocol could be applied for the large scale multiplication of this species round the year irrespective 

of the season which will help to expand the area in a rapid manner in addition to the conventional hilly areas. 
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