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ABSTRACT 
Mosquito plant (Pelargonium × citrosum Vanleenii) is a genetically engineered hybrid possessing the characteristics of geranium coupled 
with a sweet lemony citronella scent. As such, this hybrid has become much more popular as an ornamental plant with the added benefit 
of mosquito-repelling capability. We report a novel protocol for shoot organogenesis from young leaf and petiole explants sourced from 
both pot grown and in vitro plants. Our study shows that 6-benzyladenine, thidiazuron and kinetin are effective in inducing adventitious 
shoot production, unlike 2-4-dichlorophenoxyacetic acid and �-naphthaleneacetic acid. This suggests that these cytokinins play a key role 
in inducing adventitious shoots from young P. × citrosum leaf and petiole explants. This study offers a novel and efficient mass shoot 
propagation and plant regeneration protocol for mosquito plant. 
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INTRODUCTION 
 
The worldwide threat of mosquito-transmitted diseases, 
with their associated mortality, especially in tropical and 
subtropical developing countries, highlights the need for 
environmentally responsible and efficient insect repellents. 
Natural insect repellent products are relative safe around 
humans (Quarles 1996; Zaridah et al. 2006). The only com-
pound besides DEET (N,N-diethyl-3-methylbenzamide) 
registered for human use as an insect repellent is citronella 
derived from the citronella plant (Lindsay et al. 1996; 
Brown and Hebert 1997; Mark and Fradin 1998). Mosquito 
plant (Pelargonium × citrosum Vanleenii) is a genetically 
engineered geranium hybrid by cell fusion that incorporated 
the trait of citronella grass and a scented geranium (Raver 
1991; Tucker and Maciarello 2003). The resulting cultivar 
has the appearance of geranium combined with a sweet 
lemony citronella scent (Matsuda et al. 1996; Murugan and 
Jeyabalan 1999; Jeyabalan et al. 2003). This combination of 
attractive foliage, sweet lemony citronella scent and mos-
quito repelling activity makes the mosquito plant a very 
popular ornamental plant all over the world. Mosquito 
plants can flower but do not produce seed, so tissue culture 
can be used to enhance clonal propagation. In recent years 
mosquito plant has been mass propagated for commercial 
purposes with an estimated one million plants supplied to 
Asia every year. So it is much necessary to establish an 
efficient mass propagation and plant regeneration system in 
mosquito plant. Regeneration of Pelargonium × hederae-
folium from petiole explants and in vitro multiplication of 
Pelargonium cultivars have been reported (Wojtania and 
Gabryszewska 2001, 2004); mass propagation and regene-
ration through apical or axillary bud culture in Pelargonium 
× citrosum have also been studied (Jiang and Liu 2004; 
Wei et al. 2005). Somatic embryogenesis has been achieved 
with hybrid geranium (Pelargonium × hederaefolium) (Gill 
et al. 1992; Hutchinson and Saxena 1996; Hutchinson et al. 

1996; Borja and Alonso 2006) and Pelargonium × horto-
rum Bailey (Qureshi and Saxena 1992; Visser et al. 1992). 
However, shoot organogenesis from cultured leaf or petiole 
explants has not been reported with P. × citrosum. As leaf 
and petiole material is relatively abundant, we considered 
the possibility that this type of material would be very 
convenient to source and use provided a suitable method for 
organogenesis could be devised. In this study, leaf and 
petiole explants of P. × citrosum sourced from both potted 
and in vitro plants were used to investigate specific effects 
of plant growth regulators on de novo shoot induction with 
the aim of providing an efficient plant regeneration and 
mass propagation protocol for this important horticultural 
species. 

 
MATERIALS AND METHODS 
 
Plant material and induction of adventitious 
shoots 
 
Six-month-old potted plants (15 cm high) of Pelargonium × 
citrosum were sourced from South China Botanical Garden. Leaf 
segments (0.3 cm2), young apical buds and petioles (0.5 cm long) 
were excised and consecutively surface sterilized by rinsing in 
70% (v/v) alcohol for 10 s, immersing in 0.1% (w/v) mercuric 
chloride for 8 min and finally rinsing 3 times with sterile distilled 
water. Explants were cultured for 5 weeks in darkness on MS 
(Murashige and Skoog 1962) basal medium containing 1.0 mg l-1 
6-benzylaminopurine (BAP) + 0.2 mg l-1 naphthalene acetic acid 
(NAA). The medium was adjusted to pH 5.8 and solidified with 
0.6% (w/v) agar. The culture jars were 10 cm high and 5 cm in 
diameter and was dispensed usually 20 ml media. After 20 days 
calli of 5-8 mm in size with adventitious shoots formed were 
transferred to the same medium (as above). The cultures were 
grown in a cultivation chamber at 26 � 1°C with 14 h of cool 
white fluorescent light at photon flux density 50 μmol m-2 s-1 daily. 
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Induction of adventitious shoots in vitro 
 
Following the establishment of tissue culture, young leaf and peti-
oles explants from in vitro grown plants were used to study the in-
duction of callus and adventitious shoots. Media for this experi-
ment consisted of MS basal mineral salts as described above, sup-
plemented with 1.0 mg l-1 2,4-dichlorophenoxyacetic acid (2,4-D), 
1.0 mg l-1 NAA, 1.0 mg l-1 thidiazuron (TDZ), 1.0 mg l-1 BAP, 1.0 
mg l-1 6-furfurylaminopurine (KIN), 1.0 mg l-1 BAP + 1.0 mg l-1 
NAA, 1.0 mg l-1 BAP + 0.1 mg l-1 NAA and 0.1 mg l-1 BAP + 1.0 
mg l-1 NAA, respectively. Induction of adventitious shoot forma-
tion was studied. Fifty explants were used for the experiments 
with each variant of the media and the results were averaged for 
two replications of each variant. Post hoc LSD test at p � 0.05 
(SPSS 12.0 for Windows) was used for comparison of means. 
 
Mass propagation and plant regeneration 
 
Callus clumps with adventitious shoots were transferred to me-
dium containing 1.0 mg l-1 BAP and 0.2 mg l-1 NAA for mass pro-
pagation and shoots were subcultured in the same medium every 
two months. The multiplication index was calculated based on 
shoot proliferation rates averaged over five subculture periods. 
 
Induction of adventitious roots 
 
Two hundred shoots (in 2-3 cm high with 2-3 leaves) were trans-
ferred for rooting on half-strength MS media containing 0.2 mg l-1 
indole-3-butyric acid (IBA) and also no plant growth regulator, 
respectively. The tests were repeated twice again in one week. 
Culture conditions were the same as above. 
 
Acclimatization 
 
One month following incubation on root induction medium, a total 
of 200 plantlets from 0.2 mg l-1 IBA containing medium were 
removed from jars and after agar was washed from the roots, they 
were transplanted to sand beds in the greenhouse in March. The 
test was repeated once again in one week. The survive rate was in-
vestigated after two weeks of transplanting. The temperature in the 
greenhouse was between 20-25°C. Spraying in the soil with 1/3 
MS mineral salts solution (macro and micro elements) was applied 
once a week. After two weeks of acclimatization plants were trans-
ferred to pots (10 cm high, 12 cm in diameter) containing a mix-
ture of sand and peat (1:1 v/v) or sand and humus soil (1:1 v/v), 
respectively. The survive rate was investigated after one month of 
transferring to pots. 
 
RESULTS AND DISCUSSION 
 
Induction of shoot organogenesis from young leaf 
segments and petioles from potted plants 
 
Apical buds cultured on induction medium (1.0 mg l-1 BAP 
+ 0.2 mg l-1 NAA), proliferated to form multiple-shoot clus-
ters. However, callus tissue was induced from cut surfaces 
on leaf segments and petioles within two weeks (Fig. 1A). 
Prolonging culture time to 4-5 weeks resulted in shoot or-
ganogenesis with highly visible apical bud structures on the 
callus surface (Fig. 1B). It was also observed that some ad-
ventitious shoots developed directly on the leaf veins with-
out callus formation. 
 
Shoot organogenesis from young leaf segments 
and petioles in vitro 
 
Leaf segments and petiole explants cultured in darkness on 
induction medium containing 1.0 mg l-1 2,4-D exhibited 
yellow callus formation on the cut surfaces within two 
weeks. Following prolonged culture to 4-5 weeks, the callus 
proliferated slowly and generally turned brown, with no 
adventitious shoots observed. 

On induction medium containing 1.0 mg l-1 NAA, leaf 
segments or petioles became swollen and very few calli 
were induced on the cut surfaces within one week, however 

some calli developed white hairy roots. No shoot was ob-
served. 

The media containing either 1.0 mg l-1 KIN, TDZ or 
BAP alone induced yellow-white callus within two weeks, 
then some yellow-white adventitious shoots developed on 
the callus during the following week (Fig. 1C). With the 
culture time prolonged to 4-6 weeks, all adventitious shoots 
developed into multiple shoots (Fig. 1D). BAP and TDZ 
induced significantly more adventitious shoots than KIN 
(Table 1). 

Combining BAP and NAA in the induction media also 
induced shoot organogenesis resulting in adventitious shoot 
formation from leaf segments and petioles. However, dif-
ferent concentrations of BAP or NAA in the media appear 
to induce different callus types. Medium supplemented with 
1.0 mg l-1 BAP + 1.0 mg l-1 NAA induced friable, water-
logged callus, from which vitrified adventitious shoots ori-
ginated. However, medium supplemented with 0.2 mg l-1 
BAP + 1.0 mg l-1 NAA induced compact callus with normal 
adventitious shoot formation (Table 1). 
 
Mass propagation and plant regeneration 
 
Adventitious shoots cultured on propagation medium pro-
duced a mean multiplication rate of 6.8 ± 0.5 per eight 
weeks incubation period indicating very high propagation 
efficiency. 

After one week on root induction medium the shoots 
began forming of roots, and after four weeks all shoots de-
veloped roots (Fig. 1E). However, as the medium contained 
no plant growth regulator, some roots occurred after cul-
tured for three weeks. Four weeks later, all the shoots deve-
loped roots on the IBA medium. However, only 46 � 2% of 
the shoots could develop root formation on the medium free 
of IBA (Table 2). 

Fig. 1 Adventitious shoot formation from young leaf and petiole ex-
plants of P. × citrosum. (A, B) Adventitious shoots were induced on the 
petiole explants; (C) Callus clump with adventitious shoot formation after 
four weeks of culture on induction medium containing 1.0 mg l-1 BAP; 
(D) Adventitious shoot formation after six weeks in culture; (E) In vitro 
shoot mass propagation and root formation; (F) In vitro adventitious 
shoot-issued plantlets transplanted in pots. Bar length = 2 mm. 

148



Shoot organogenesis from Pelargonium × citrosum Vanleenii. Zhou et al. 

 

A high percentage 88 � 2% of rooted plants from IBA 
contained medium survived after they were transplanted to 
greenhouse conditions after two weeks. As they were trans-
ferred to the pots with sand and peat (1:1) or sand and 
humus (1:1), above 97% of plants can survive to grow 
normally, no obvious aberrations were observed (Fig. 1F, 
Table 2). 

Apparently, most of the induction media tested could 
induce shoot organogenesis and adventitious shoot forma-
tion from leaf and petiole explants of the mosquito plant. 
Media containing TDZ, BAP alone or BAP as a dominant 
plant growth regulator could induce more adventitious 
shoots than other PGR combinations tested. The results are 
in agreement with previous reports on other species such as 
watermelon, almond and Mickey Mouse plant (Compton 
and Gray 1993; Ainsley et al. 2000; Ma and Wu 2006), they 
could be induced adventitious shoot formation from leaf or 
cotyledon explants with cytokinin TDZ and BAP. Our re-
sults from this study indicate that the cytokinin TDZ and 
BAP can also play a major role in shoot organogenesis from 
leaf and petiole tissues in the mosquito plant. However, 
TDZ could also induce somatic embryogenesis from leaf of 
geranium (Pelargonium ×hortorum Bailey) (Qureshi and 
Saxena 1992; Visser et al. 1992), this showed some dif-
ferences on induction system in different genus of Pelargo-
nium. We contend that the present study demonstrates the 
increased opportunities for greater efficiency in plant rege-
neration and mass shoot proliferation in P. × citrosum that 
would possibly enhance commercial production of this im-
portant horticultural plant. 
 
ACKNOWLEDGEMENTS 
 
Support by the Program of Digital Botanical Garden and Tropical 
and Subtropical Plant Germplasm Construction in Guangdong 
Province (2005B60301001) is gratefully acknowledged. 
 
REFERENCES 
 
Ainsley PJ, Collins GG, Sedgley M (2000) Adventitious shoot regeneration 

from leaf tissue of almond (Prunus dulcis Mill.). In Vitro Cellular and Deve-
lopment Biology – Plant 36, 470-474 

Borja M, Alonso M (2006) Pelargonium embryogenesis. In: Teixeira da Silva 
JA (Ed) Floriculture, Ornamental and Plant Biotecnology: Advances and 
Topical Issues (1st Edn, Vol II), Global Science Books, Isleworth, UK, pp 
527-532 

Brown M, Hebert AA (1997) Insect repellents: an overview. Journal of the 
American Academy of Dermatology 36, 243-249 

Compton ME, Gray DJ (1993) Shoot organogenesis and plant regeneration 
from cotyledons of diploid, triploid, and tetraploid watermelon. Journal of 
the American Society for Horticultural Science 118, 151-157 

Gill R, Gerrath J, Saxena PK (1992) High- frequency direct embryogenesis in 
thin layer cultures of hybrid seed geranium (Pelargonium). Canadian Journal 
of Botany 71, 408-413 

Hutchinson MJ, Saxena PK (1996) Acetylsalicylic acid enhances and syn-
chronizes thidiazuron-induced somatic embryogenesis in geranium (Pelargo-
nium × hortorum Bailey) tissue culture. Plant Cell Reports 15, 512-515 

Hutchinson MJ, Murch SJ, Saxena PK (1996) Morphoregulatory role of 
TDZ: evidence of the involvement of endogenous auxin in TDZ-induced 
somatic embryogenesis of geranium (Pelargonium × hortorum Bailey). Jour-
nal of Plant Physiology 149, 573-579 

Jeyabalan D, Arul N, Thangamathi P (2003) Studies on effects of Pelargo-
nium citrosa leaf extracts on malarial vector, Anopheles stephensi Liston. 
Bioresource Technology 89, 185-189 

Jiang X, Liu X (2004) Study on tissue culture and rapid propagation of Pelar-
gonium. Jiangxi Forest Sciences 5, 19-21 (in Chinese) 

Lindsay RL, Surgeoner GA, Heal JD, Gallivan GJ (1996) Evaluation of the 
efficacy of 3% citronella candles and 5% citronella incense for protection 
against field populations of Aedes mosquitoes. Journal of the American Mos-
quito Control Association 12, 293-294 

Ma GH, Wu GJ (2006) Direct shoot organogenesis from cotyledon explants in 
Ochna integerrima. Propagation of Ornamental Plants 6, 145-148 

Mark S, Fradin MD (1998) Mosquitoes and mosquito repellents: A clinician's 
guide. Annals of Internal Medicine 128, 931-940 

Matsuda BM, Surgeoner GA, Heal JD, Tucker AO, Maciarello MJ (1996) 
Essential oil analysis and field evaluation of the citrosa plant "Pelargonium 
citrosum" as a repellent against populations of Aedes mosquitoes. Journal of 
the American Mosquito Control Association 12, 69-74 

Murashige T, Skoog F (1962) A revised medium for rapid growth and bioas-
says with tobacco tissue culture. Physiologia Plantarum 15, 473- 497 

Murugan K, Jeyabalan D (1999) Effect of certain plant extracts against the 
mosquito, Anopheles stephensi Liston. Current Science 76, 631-633 

Qureshi JA, Saxena PK (1992) Adventitious shoot in duction and somatic em-
bryogenesis with intact seedlings of several hybrid seed geranium (Pelargo-
nium ×hortorum Bailey) varieties. Plant Cell Reports 11, 443-448 

Quarles W (1996) Botanical mosquito repellents. Common Sense Pest Control 
12, 12-19 

Raver A (1991) The ‘citrosa’ geranium. Hort Ideas 8, 7- 12 
Tucker AO, Maciarello MJ (2003) Is this plant a hoax? A lecture in honour of 

Otto Richter. The Otto Richter Memorial Lectures, 1-8 
Wei HP, Tan JY, Chen S (2005) Study on tissue culture and plant regeneration 

of Pelargonium × citrosum Vanleenii. Journal of Anqing Teachers’ College 11, 
50-53 (in Chinese) 

Wojtania A, Gabryszewska E (2001) Effect of cytokinins and amino acid on 
multiplication of Pelargoniom cultivars. Acta Societatis Botanicorum Polo-
niae 70, 203-207 

Wojtania A, Gabryszewska E (2004) Regeneration of Pelargonium × hede-
raefolium ‘Bonete’ from petiole explants. Acta Physiologiae Plantarum 26, 
255-262 

Visser C, Qureshi JA, Gill R, Saxena PK (1992) Morphoregulatory role of 
thidiazuron. Substitution of auxin and cytokinin requirement for the induc-
tion of somatic embryogenesis in geranium hypocotyl cultures. Plant Physio-
logy 99, 1704-1707 

Zaridah MZ, Azah MAN, Rohani A (2006) Mosquitocidal activities of Ma-
laysian plants. Journal of Tropical Forest Science 18, 74-80 

  

Table 1 Effect of plant growth regulators on adventitious shoot induction in in vitro-derived young leaves and petioles of mosquito plant. 
Plant growth regulators 
(mg l-1) 

Observation 
Results within 6 weeks 

Number of adventitious shoot per explant

0 No callus 0 a 
2,4-D 1.0 Callus 0 a 
NAA 1.0 Hairy root callus 0 a 
TDZ 1.0 Callus, adventitious shoots 12.6 d 
BAP 1.0 Callus, adventitious shoots 11.8 d 
KIN 1.0 Callus, adventitious shoots 6.7 c 
BAP 1.0 + NAA 1.0 Friable and waterlogged callus, vitrification of adventitious shoots 4.6 b 
BAP 1.0 + NAA 0.2 Callus, adventitious shoot 13.5 d 
BAP 0.2 + NAA 1.0 Rooting callus, adventitious shoots 4.3 b 

The same letters indicate no significant differences between means (LSD test, p � 0.05) 

 
Table 2 Root formation and plantlet transplant test of mosquito plant 

Observation in different culture media Root formation and plantlet transplanting 
 Control IBA-treated 
Time for root formation (weeks) 3 1 
Root fomation in 4 weeks (%) 46 b 100 a 
Survive rate in the sand No test 88 ± 2% 
Survive rate transplanting to pots of sand and peat (1:1) No test 99 ± 1% 
Survive rate transplanting to pots of sand and humus (1:1) No test 98 ± 1% 

The same letters in the same column indicate no significant differences between means (LSD test, p � 0.05) 
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