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Abstract. A protocol for rapid in vitro propagation of Ruta graveolens L. through high-
frequency shoot induction from nodal explants was established. Proliferation of shoots 
from nodal segments was achieved on Murashige and Skoog medium supplemented with 
various concentrations of BA, Kin, IAA, and NAA, either singly or in various combinations. 
The highest shoot regeneration frequency (98.5%) and the highest number of shoots per 
explant (40.2 ± 2.8) was obtained on MS medium supplemented with 10 µM BA and 2.5 
µM NAA. In vitro regenerated shoots rooted best on half-strength MS medium containing 
0.5 µM IBA. Rooted shoots, following acclimatization in the greenhouse, were success-
fully transferred to fi eld conditions, and 90% of plants survived. The effi cient in vitro 
regeneration of the whole plant can be used as a fast and reliable method to transform  
R. graveolens genetically for its active principles.

Ruta graveolens (Rutaceae) is an ornamen-
tal, aromatic, culinary, and medicinal plant 
native to Europe, especially the Mediterranean 
region (CSIR, 1972). It is a very popular garden 
shrub in South America, where it is cultivated 
not only for ornamental and medicinal purpose 
but also as a charm against evil. Its medicinal 
values are because of the many secondary 
metabolites it contains, such as furocouma-
rins, furoquinolines, and acridone alkaloids. 
Amongst furocoumarins, bergapten has been 
used for the treatment of various skin diseases 
such as vitilago and psoriasis (Song and Tapley, 
1979). All the parts of the plant material have 
active principles, although they are mostly 
encountered in leaves (especially before 
blooming). A pale yellow or greenish volatile 
oil, rue oil, often with a fl uorescence, is obtained 
(0.06%) on steam distillation of the fresh plant 
materials. Rue oil has a strong odor and a bitter 
pungent taste and is used as an anthelmintic, 
antispasmodic, antiepileptic, and rubefacient 
and as a fl avoring agent in the perfume and soap 
industry. The soap is recommended for control 
of ectoparasite insects (lice). Rue oil consists 
predominantly of methyl-nonyl-ketone (80% 
to 90%) with a small amount of methyl-haptyl-
ketone. Methyl-nonyl-ketone induces uterine 
contractions and pelvic congestion, leading to 
uterine haemorrage and possibly abortion in 
pregnancy (Jougard, 1977).

Recently, there has been an increased inter-
est in in vitro culture techniques that offer a 
viable tool for mass multiplication and germ-
plasm preservation of aromatic and medicinal 

(Qualigens, India). The media were sterilized 
by autoclaving at 1.06 kg·cm–2 for 20 min. 
All the cultures were maintained at 24 ± 2 °C 
under a 16-h photoperiod with a photosynthetic 
photon fl ux (PPF) density of 50 µmol·m–2·s–1 
provided by cool white fl uorescent lamps 
(Philips, India).

Shoot induction and multiplication. MS 
basal medium supplemented with 0.5 to 20 µM 
6-benzyladenine (BA), or  0.5 to 20 µM kinetin, 
either individually or in combination with 0.5 
to 5 µM indole-3-acetic acid (IAA) or 0.5 to 
5 µM α-naphthalene acetic acid (NAA) were 
used for shoot proliferation and multiplication 
(Table 1). MS medium lacking plant growth 
regulators was used as control. All the cultures 
were subcultured to fresh medium of the same 
composition every 3 weeks.

Rooting and acclimatization. Regenerated 
shoots were excised when they reached about 
4 to 5 cm in length and transferred onto half-
strength MS media supplemented with 0.5 to 
2 µM of IAA, indole-3-butyric acid (IBA), or 
NAA (Table 2). After 4 weeks, plantlets were 
removed from the root induction medium, 
washed with tap water to remove the remnants 
of culture medium and transplanted into pots 
containing sterile vermiculite and covered with 
transparent polyethylene bags to ensure high 
humidity. Polythene bags were removed after 2 
weeks to acclimatize plants to fi eld condition. 
The surviving plants were transplanted to the 
fi eld condition after 2 months.

Data analysis. All the experiments were 
repeated three time and 20 replications were 
used for each treatment. The effect of different 
treatments was quantifi ed and the data was 
analyzed using SPSS Version 10 (SPSS Inc. 
Chicago, Ill.) and means were compared using 
the Duncan’s multiple range test at P ≤ 0.05.

Results and Discussion

The present investigation was carried 
out to examine the morphogenic potential of 
nodal explants of the multipurpose shrub R. 
graveolens. Shoot regeneration from in vitro 
cultured nodal segments was tested on MS 
medium supplemented with various plant 
growth regulators either singly or in different 
combinations. Shoot bud proliferation was 
not induced from nodal explants cultured on 
MS medium without plant growth regulators. 
Multiple shoot sprouting appeared within 4 
weeks of culture initiation and increased by 
subsequent subculturing during the second 
month. Signifi cant differences in frequency 
of shoot regeneration and number of shoots 
per explant were detected among different 
concentration of BA and kinetin alone (P ≤ 
0.05). A signifi cant interaction between BA 
with IAA or NAA for shoot regeneration 
frequency and number of shoots per explants 
was also detected (P ≤ 0.05).

Nodal explants cultured on MS medium 
supplemented with various concentration of 
BA and Kin alone facilitated shoot bud initia-
tion, with BA being more effi cient than kinetin 
with respect to the initiation and subsequent 
proliferation of shoots (Table 1). Medium 
supplemented with 0.5 µM BA induced a mean 

plants (Amo-Macro and Ibanez, 1998; Arora 
and Bhojwani, 1989; Faisal and Anis, 2003; 
Pattnaik and Chand, 1996; Sudha and Seeni, 
1994). Tissue cultures on R. graveolens were 
performed to monitor the alkaloid synthesis in 
callus cultures and regenerated plants (Bau-
mert et al., 1991; Eilert and Wolters, 1989; 
Massot et al., 2000). In vitro cultures of R. 
graveolens are a potential source of second-
ary metabolites (furocoumarins) of signifi cant 
medical interest. Massot et al. (2000) reported 
that micropropagated shoots were richer in 
furocoumarins than any other plant material. 
Because of the diffi culty in producing seedlings 
to meet the demand, it is necessary to develop 
an in vitro protocol for its mass propagation. We 
describe an effi cient protocol for rapid clonal 
multiplication of R. graveolens through high-
frequency shoot induction from nodal explants 
followed by successful outdoor establishment 
of regenerated plants.

Materials and Methods

Plant material and explant preparation. 
Young shoots of R. graveolens were col-
lected from 1-year-old plants maintained at 
the Botanical garden of the Aligarh Muslim 
University, Aligarh, India. The source tissues 
were washed in running tap water followed by 
treatment with a solution of 5% (v/v) Labolene 
(Qualigens, India) for 5 min. After thorough 
washing, they were surface sterilized using 
0.1 % (w/v) HgCl

2 
(Qualigens, India) solution 

for 5 min. Following repeated washes with 
sterile distilled water, nodal segments of 0.5 
to 1 cm in length were cut and cultured on 
sterile media.

Media and culture conditions. Murashige 
and Skoog (1962) medium containing 3% (w/v) 
sucrose (Qualigens, India) was used in all the 
experiments. The pH of medium was adjusted 
to 5.8 before the addition of 0.8% (w/v) agar 
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of 4.0 ± 0.9 shoots per explants (Fig. 1a), while 
medium supplemented with kinetin resulted in 
a reduced number of shoots albeit with longer 
internodes. The frequency of regeneration 
and number of shoots per explant was found 
maximum at 10 µM BA (Fig. 1b). The percent-
age budbreak and multiple shoot induction 
declined with increase in BA concentration 
beyond optimal level (10 µM). BA above 10 
µM suppressed the sprouting of shoot buds 
in nodal explants. Reduction in the number 
of shoots generated from each explant at BA 
concentration higher than optimal level was 
also reported for several plants (Sahoo and 
Chand, 1998; Sen and Sharma, 1991; Vincent 
et al., 1992). 

The effect of auxin and cytokinin combi-
nation was also evaluated on multiple shoot 
induction from nodal segments (Table 1). BA 
with NAA was found more effective combina-
tion for multiple shoot regeneration. Among 
the various concentration of BA and NAA, the 
highest shoot regeneration frequency (98.5%) 
and number of shoots (40.2 ± 2.8) per explants 
were recorded on MS medium supplemented 
with 10 µM  BA  and 2.5 µM NAA  (Fig. 1c). 
A decrease in induction and multiplication of 
shoots was recorded when NAA was replaced 
with IAA. The synergistic effect of BA and an 
auxin as in the present study has also been dem-
onstrated in some plants, for example Santolina 
canescens (Casado et al., 2002), Holestemma 
ada-kodien (Martin, 2002), Rotula aquatica 
(Martin, 2003), and Olea europaea (Santos at 
al., 2003). In accordance with these reports, 
the present study also exemplifi es the positive 
modifi cation of shoot induction effi cacy by an 
auxin in combination with a cytokinin.

The regenerated shoots from nodal explants 
were excised and transferred to half-strength 
MS medium supplemented with 0.5 to 2 µM 
IAA, IBA, or NAA. The presence of auxin 
at lower concentration in half-strength MS 
medium facilitated better rhizogenesis. Half-
strength MS medium fortifi ed with IBA was 
found superior to IAA and NAA with respect 
to the induction of roots (Table 2). The maxi-
mum frequency of root formation (91.3%) 
and number (6.2 ± 0.4) of roots was achieved 
in half-strength MS medium containing 0.5 
µM IBA (Fig. 1d). The effectiveness of IBA 
in rooting has been reported in Tylophora 
indica (Faisal and Anis, 2003), Holestemma 
ada-kodien (Martin, 2002), and Olea europaea 
(Santos et al., 2003).

Hardening and acclimatization of all the in 
vitro raised plantlets was completely success-
ful. The percentage survival of the plantlets 
after transfer to vermiculite was 80%. About 
90% of the plants transferred to garden soil 
survived and did not show any detectable varia-

Fig. 1. Plant regeneration from in vitro cultured nodal 
segments of Ruta graveolens L. (a) Proliferation 
of shoots on MS + BA (0.5 µM). (b) Multiple 
shoot formation on MS + BA (10 µM). (c) Shoot 
elongation and multiplication on MS + BA (10 
µM) + NAA (2.5 µM). (d) Rooting of in vitro 
raised microshoots on ½MS + IBA (0.5 µM). 
(e) Flowered plant of R. graveolens (6 months 
after transplantation). 

Table 1. Effect of plant growth regulators on shoot regeneration from nodal explants of Ruta graveolens 
after 8 weeks of culture.

  Growth regulator (µM)  Regeneration Mean no. of 
BA Kin IAA NAA (%) shoots/explant
0.0 0.0 0.0 0.0 0.0 jz 0.0 l
0.5    43.3 ± 3.3 g  4.0 ± 0.9 jk
2.5    51.2 ± 1.5 f 10.8 ± 1.1 i
5.0    63.2 ± 2.3 e 15.5 ± 0.6 h
10    83.8 ± 3.7 c 22.5 ± 1.0 f
20    80.5 ± 2.5 c 15.7 ± 0.9 h
 0.5   22.0 ± 1.2 i  1.8 ± 0.5 kl
 2.5   32.8 ± 1.3 h 4.7 ± 0.8 j
 5.0   53.0 ± 1.5 f 13.5 ± 1.6 h
 10   70.5 ± 2.6 d 19.0 ± 1.9 g
 20   61.5 ± 1.9 e 13.3 ± 0.6 h
10  0.5  71.3 ± 2.5 d 25.5 ± 1.0 de
10  2.5  90.0 ± 3.1 b 35.3 ± 1.1 b
10  5.0  79.7 ± 2.8 c 23.2 ± 1.8 ef
10   0.5 80.3 ± 2.7 c 30.7 ± 1.2 c
10   2.5 98.5 ± 4.1 a 40.2 ± 2.8 a
10   5.0 83.2 ± 3.2 c 27.0 ± 1.9 d
zValues represent the means ± standard error of 20 explants per treatment in three repeated experiments. 
Means followed by the same letter within columns are not signifi cantly different (P ≤ 0.05) using Duncan’s 
multiple range test.
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tion in morphology or growth characteristics 
when compared with their respective donor 
plants (Fig. 1e).

In conclusion, an effi cient procedure for 
high frequency shoot regeneration from nodal 
segments of R. graveolens has been demon-
strated. The present study opens the way to 
scale-up studies to enhance biomass growth 
and eventually furocoumarin production with 
nodal segment cultures. The regeneration 
system developed is expected to facilitate our 
efforts in producing genotypes of commercial 
exploitation and provides the fi rst step toward 
the genetic transformation studies aimed at 
improving the plant.
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