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ABSTRACT: Lippia multiflora Moldenke is a tropical plant used in traditional medicine for many
diseases treatment (malaria, hyperthermia, blood pressure, etc.). The aqueous extract and essential
oils obtained from the leaves have pharmacological, pesticide and cosmetic properties. This study
aims to develop a protocol of callus induction and proliferation from leaf explants of L. multiflora.
Murashige and Skoog (1962) basal medium was respectively supplemented with different
concentrations (0,5; 2,5 ; 5 and 10 µM) of the plant growth regulators 2,4-Dichlorophenoxyacetic
acid (2,4-D), 1-Naphthaleneacetic acid (NAA) and Picloram (PIC). The best auxin was then
combined respectively with three types of cytokinins [kinetin (KIN), benzylaminopurine (BAP) and
zeatin (ZEA)]. The best hormonal combination was used to test the effect of type and concentration
of carbohydrate on callus formation. The results showed that the medium supplemented with 5µM
PIC expressed a callus induction rate and a fresh and dry weight of callus significantly higher than
the other tested auxins. Medium supplemented with 5 µM PIC + 25 µM KIN was more suitable for
callus induction and proliferation. Among the carbohydrates, the maximum rate of callus formation
was expressed by the leaf explants on medium containing 3% fructose. The protocol for callus
induction developed in this study would allow the in vitro production of essential oil of L. multiflora
from cell suspension cultures.
Key words: Auxins; Callogenesis; Carbon source; Cytokinins; Essential oils; Savannah tea
Abbreviations: BAP- 6, Benzylaminopurine; CNRA- National Center of Agronomic Research; 2,4 DDichlorophenoxy acetic acid; KIN- Kinetin; MS- Murashige and Skoog; NAA- Naphthalene acetic
acid; PIC- Picloram; ZEA- Zeatin.
INTRODUCTION
Lippia multiflora Moldenke commonly called "savannah tea" (Adjanohoun et al., 1980), exists in the wild
form in several agro-ecological regions of West Africa, mainly in Guinea savannah and coastal areas of the preforest savannah (Jim et al., 2001). In Côte d'Ivoire, the plant is used to treat fevers and jaundice (Bouquet et
al., 1974) and diarrhea (Oussou et al., 2008). In the countryside and in the city, the hot drink prepared from the
leaves is consumed to relax the body and promote sleep after a hard work day (Herzog, 1995).
L. multiflora is a component of some traditional African medicines and thus is used in the treatment of
various diseases (Etou-Ossibi et al., 2005) like, hyperthermia, and blood pressure (Abena et al., 2003).
Phytochemical analysis revealed the presence of essential or volatile oils in the aerial part of L. multiflora
(Folashade and Omoregie, 2012). Numerous studies indicate that the aqueous extract or the essential oil of L.
multiflora has pharmacological (Hondi-Assah, 2003), pesticide (Oussou et al., 2008) and cosmetic (Kanko et
al., 2004) properties.
More than 42 volatile compounds have been characterized as constituents of L. multiflora essential oil
(Maia et al., 2005). The following major compounds were extracted by Yaakov et al. (2002) from the plant
leaves: limonene (16.6%), β-caryophyllene (5.3%), trans-β-farnesene (16%), caryophyllene oxide (22.5%) and
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farnesol (16.95%). The yield of essential oils produced between january and june varies from 0.9 to 1.57 %
(Kunle, 2000).
Extraction of essential oil requires large amounts of L. multiflora leaves (Kouamé et al., 2008). The
plant grows in savannah regions and is constantly ravaged by bush fires in drought season or during field
clearing (Hien et al., 2012). The plant collect practices are also very destructive because stems and branches
are broken. These factors highly limited the supply of plant materials.
Several alternative solutions are possible. The first of all is the chemical synthesis. However, in some
cases, high cost, complex molecules and polluting aspect of this production sometimes make this chemical
synthesis uneconomical. The plant cell culture provides an attractive alternative source that could overcome the
limitations of extracting useful metabolites from limited natural resources. And it is now widely being employed
as a model system to investigate the production of specific secondary metabolites because it offers
experimental advantages both to basic and applied research and to the development of models with scale-up
potential (Mukherjee et al., 2000). Such a culture overcomes significant climatic variations, risks from
pathogens and is independent of soil conditions.
Very scanty studies using in vitro techniques have been devoted to the genus Lippia. Micropropagation
was performed in Lippia junelliana Moldenke and Lippia alba Moldenke (Gupta et al., 2001). The apical
meristem and nodal segments were used for in vitro propagation of Lippia filifolia Moldenke. Direct
organogenesis from axillary buds and somatic embryogenesis were performed in Lippia nodiflora (Ahmed et al.,
2011). Callus induction and plant regeneration accumulating alkaloids in the stems and shoot tips were
reported in Lippia nodiflora L. (Ahmed et al., 2011).
To our knowledge, there is no reports in the literature dealing with the application of tissue culture
techniques in L. multiflora. Hence, the objective of the present study is to develop a callogenesis protocol in L.
multiflora. Numerous studies have reported the effects of growth regulators on callus growth of different plant
species (Ling et al. 2013). For a successfully callus induction and cell proliferation, factors such as type of
explants, plant growth regulators, media and culture conditions are very important (Yeoman and Yeoman,
1996). Such a protocol would allow the induction of cell suspension cultures as an alternative source for
essential oils production.
MATERIALS AND METHODS
PLANT MATERIAL
The plant material consisted of leaves derived from three weeks-old in vitro plantlets. These plantlets
were obtained after in vitro germination of L. multiflora mature seeds. Seeds were collected from experimental
plot of Centre National de Recherche Agronomique (CNRA) station located at Adiopodoumé PK 17 (North
Abidjan – Côte d’Ivoire).
Preparation of basal medium
The salt solution of Murashige and Skoog (1962) was used for both in vitro germination and callus
induction. Vitamins B5 (Gamborg, 1968) and sucrose (3%) were added to Murashige and Skoog (MS) basal
-3
-3
medium. The pH was adjusted to 5.8 with NaOH (10 M) or HCl (10 M). Then MgCl2 (0.75 g / l) and Gelrite
(2.5 g / L) were added to solidify the medium. Sterilization was performed with autoclave during 30 min under a
pressure of 1 bar and a temperature of 121 ° C.
Seeds surface disinfection and in vitro germination
Seeds surface disinfection is carried out under a laminar flow hood by rapid soaking (1 min) of seeds in
concentrated sulfuric acid (96%). The seeds are rinsed thoroughly with sterile distilled water and then
immersed for 20 minutes in sodium hypochlorite (3.6% active chlorine). After three abundant rinses with sterile
distilled water, seeds were stored under dark conditions in sterile distilled water for 24 hours. Turgid seeds
were transferred on germination medium. After three weeks of culture, in vitro plantlets were obtained (Figure
1A) and used as source of explants.
Callus induction
2
10 mm leaf sections were excised from seedling and used as explants. They were placed on different
media surface for callus induction (Figure 1B).

119

Intl J Agri Crop Sci. Vol., 8 (2), 118-127, 2015

A

B

Figure 1. In vitro seedlings production for callus induction in Lippia multiflora Moldenke; (A) three week-old plantlet obtained
by in vitro seed germination; (B) leaf explants excised from in vitro seedlings and transferred on callus induction medium

Callus induction on media supplemented with different type and concentration of auxins
The leaf explants were placed on MS medium supplemented with 2,4-dichlorophenoxy acetic acid (2,4D), naphthalene acetic acid (NAA) and Picloram (PIC) respectively. The following concentrations of auxins
were tested: 0; 0.5; 2.5; 5 and 10 µM. The auxin type and concentration expressing the highest response to
callogenesis was selected to study the effect of three cytokinins namely benzylaminopurine (BAP), kinétine
(KIN) and Zéatine (ZEA)
Effects of auxin and cytokinin combinations on callus induction
In this experiment, benzylaminopurine (BAP), kinetin (KIN) and Zeatin (ZEA) were respectively
associated with auxin according to the following ratios: 0.1: 1; 5 and 10. Twelve MS basal media were then
established. The basal medium supplemented with the best auxin selected in the previous experiment was
used as control. Leaf explants were placed on these different media. Hormonal combination promoting the best
responses to callus induction and proliferation was used to record the effect of carbon source
Callus formation on medium containing different type and concentration of sugars
The following sugars: sucrose, glucose, fructose and maltose at a concentration of 30 g / L were
respectively added to MS medium. After eight weeks of culture, callus formation was recorded and the best
carbohydrate was tested at different concentrations: 10; 20; 30; 40 and 50 g / L.
Culture conditions
For all the experiments, five explants were placed on the medium and the pots were replicated three
times per treatment. Independent experiments were repeated at least three times. The size of an independent
experiment was constituted with 15 explants for a total of 45 explants per treatment. All cultures were
transferred in a culture room under a photoperiodic cycle of 16 hours of light and 8 hours of darkness and a
temperature of 25 ± 2 ° C. The light is provided by fluorescent lamps with an intensity of 3000 lux.
Evaluation of callus induction and proliferation
After eight weeks of culture, the responses to callogenesis were recorded in terms of callus induction
rate and the fresh and dry weight of primary callus produced.
Callus induction rate
The callus induction rate (CIR) is given by the relationship:
Number of explants inducing callus
CIR (%) =
× 100
Total number of explants on medium
Fresh and dry weight of primary callus
Callus was carefully removed around and top of the explants and weighed to get the fresh weight of
callus (FW). The sample is then placed in a Petri dish and incubated in an oven at 60 ° C until a constant
weight corresponding to the callus dry weight (DW).
Statistical analysis of data
The different cultures were incubated in a growth room according to a completely randomized design.
The analysis of variance (ANOVA) was used to determine the differences between treatments. When a
difference was observed, the multiple range test of Newman-Keuls at 5% was performed to separate treatment
means. Statistical tests were performed using the STATISTICA software version 7.0.
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Figure 2. Callus induction in Lippia multiflora Moldenke; E
(A-C) Callus derived leaf explant on F
media supplemented
respectively with 2,4-D; NAA and PIC; (D-F) Callus developed by leaf explants on media supplemented respectively with
PIC-ZEA; PIC-KIN and PIC-BAP combinations.

Effect of auxins type and concentration on callogenesis
Initiation of callus cultures is the first step in many tissue culture process for the development of cell
suspension cultures (Ngara et al., 2008), indirect somatic embryogenesis (Rahman et al., 2006) and indirect
organogenesis (Ahmed et al., 2011; Dong et al., 2012). Various treatments of growth regulators were used for
these purposes in different plants (Afshari et al., 2011). In this study, different type and concentration of auxins
were tested to induce the formation and subsequent growth of callus from leaf explants. The auxins 2,4-D; NAA
and PIC were added to MS basal medium respectively at 0; 0.5; 2.5; 5 and 10 µM. In all media tested, the
callus initiation did not occur without PGRs (plant growth regulators, control) after eight weeks of culture. The
addition of auxins in culture medium allowed the induction and proliferation of various types of callus from leaf
explant. Callus induction began at the periphery before expanding gradually to completely cover the explants.
Variability was observed in the color and texture of callus depending on the type of auxins (Figure 2 A-C). With
2,4-D, callus was less friable, watery and yellowish. In the presence of NAA, watery and whitish callus were
produced. On the medium containing the PIC, induction of friable and yellowish callus was observed. The
induction of different morphological types of callus in the presence of various concentrations of auxins has been
already reported in Curcuma mangga L. (Sundram et al., 2012).
No callus induction was noted from explants placed on the control medium. This result shows that the
presence of auxins in MS basal medium is essential to inducing callus in L. multiflora Mold. A plant growth
regulator is a key factor responsible for callus initiation and development in plant cell cultures. Similar
observations were reported by Haouala et al. (2010) in Gerbera jamesonii Bolus), and Ahmed et al. (2011) in L.
nodiflora (L.). These authors observed the total absence of cellular activities from leaf and stem explants on
medium containing any plant growth regulators.
Table 1 shows the responses to callus induction from L. multiflora leaf explants on medium
supplemented with different concentrations of auxins 2,4-D, NAA and PIC. The ability to perform callogenesis
varied depending on the concentration and type of auxins (P <0.0001). The maximum callus induction
frequencies were obtained with 2.5 µM 2,4-D (74%), 10 µM NAA (56%) and 5 µM PIC (80%). At these
concentrations, the rate of callus formation obtained with 2,4-D and PIC have been statistically similar but
significantly higher than the rate expressed in the presence of NAA. When the medium is supplemented with
low concentrations of NAA, leaf explants did not induce callus. The effectiveness of high concentrations of NAA
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has been demonstrated in callus induction in Quercus suber L. (El Kbiach et al., 2002) and in L. junelliana
(Hector et al., 1999). In addition, high concentrations of NAA inducing callus formation from explant basal part
has been reported in L. alba Mill (Gupta et al., 2001). Similar results have also been observed in Gmelina
arborea L. (Sukartiningsih et al., 1999) and in Cucumis sativus L. (Saeid et al., 2013).
Low concentrations of NAA are insufficient to induce callus formation while high concentrations of 2,4-D
and PIC exert a depressive effect. Synthetic auxins like 2,4-D may possess herbicidal property at high
concentrations which might inhibit callus formation (Evans et al., 2003). Maximum fresh and dry weight of callus
was exhibited on medium supplemented with 5µM PIC. With NAA, fresh and dry weight of callus was
significantly lower than those obtained with the other auxins tested. These results indicate that cell proliferation
through the production of dry biomass varied according to the auxin type and concentration. Compared to the
other auxins tested, PIC (5µM) might probably induce more active cell division due to a higher sensitivity to L.
multiflora leaf tissue. The production of friable callus in large quantities has been obtained with 5µM PIC.
Hence, this auxin was chosen to test the effect of its combination with three cytokinins at different
concentrations.
Table1. Callus induction from L. multiflora Mold. leaf explants on medium supplemented with different concentrations of
auxins 2,4-D ; NAA and PIC after eight weeks of culture
Auxins
control

2,4-D

ANA

PIC

0,50
2,50
5
10
0,50
2,50
5
10
0,50
2,50
5
10

P

Callus induction rate
(%)
00,00 ± 0,00 a
62,50 ± 0,00 e
74,6 0 ± 1,25f
43,80 ± 6,25 d
00,00 ± 0,00 a
00,00 ± 0,00 a
00,00 ± 0,00 a
37,30 ± 0,25 cd
56,00 ± 6,00 e
25,00 ± 0,00 b
30,00 ± 5,00 bc
80,10 ± 2,27 f
71,90 ± 3,13 f
< 0,0001

Callus fresh weight
(mg)
00,00 ± 0,00 a
54,81 ± 4,93 d
59,05 ± 1,33 d
42,12 ± 5,76 c
00,00 ± 0,00 a
00,00 ± 0,00 a
00,00 ± 0,00 a
24,2 0 ± 0,10 b
24,02 ± 2,15 b
04,80 ± 2,80 a
35,21 ± 1,25 bc
74,08 ± 6,62 e
31,48 ± 2,91 bc
< 0,0001

Callus dry weight
(mg)
00,00 ± 0,00 a
08,54 ± 2,76 c
09,90 ± 1,93 c
03,78 ± 1,94 ab
00,00 ± 0,00 a
00,00 ± 0,00 a
00,00 ± 0,00 a
03,15 ± 0,05 ab
02,52 ± 0,63 ab
01,75 ± 0,25 a
04,06 ± 0,06 ab
16,86 ± 1,22 d
04,72 ± 1,02 ab
< 0,0001

In a same column, values followed by the same letters are not significantly different, Newman-keuls test (P< 0.05); ±: SD
(standard deviation); control: no hormone

Callogenesis on medium supplemented with Picloram – cytokinins combination
Although auxin and cytokinin were often regarded as antagonist, their simultaneous use has sometimes
a synergistic effect on physiological processes (Jones, 2011). Since the discovery of the synergistic effects of
auxins and cytokinins by Skoog and Miller (1957), the effects of auxins and cytokinin have been evaluated by
many researchers to induce responses in plant tissue cultures.
The combination of 5µM PIC with different concentrations of cytokinins BAP, KIN and ZEA allowed the
formation of callus from leaf explants (Figure 2D-F). The potential of callus formation in the presence of
different hormonal regimes was evaluated after eight weeks of culture in terms of callus induction rate and fresh
and dry weight of callus. The experimental values were recorded in Table 2.
Table 2. Callus induction from Lippia multiflora Moldenke leaf explants on medium supplemented with different auxincytokinin combinations after eight weeks of culture
Cytokinin / Picloram
ratios
Control
0
0,1
PIC / BAP
1
5
10
0,1
PIC / KIN
1
5
10
0,1
PIC / ZEA
1
5
10
P

Callus induction rate
(%)
79,06 ± 1,31 cd
55,93 ± 4,05 a
62,50 ± 7,21 b
52,54 ± 1,09 a
51,13 ± 1,02 a
66,67 ± 4,16 b
73,67 ± 1,33 c
96,00 ± 2,31 e
71,33 ± 4,44 bc
83,17 ± 4,08 d
66,67 ± 4,17 b
58,90 ± 1,07 a
57,65 ± 0,51 a
< 0,001

Callus fresh weight (mg)
074,01 ± 3,82 a
084,33 ± 4,91 ab
089,27 ± 5,32 ab
083,77 ± 0,92 ab
074,08 ± 1,06 a
082,67 ± 5,78 ab
079,23 ± 1,64 ab
297,86 ± 9,61 d
108,00 ± 3,78 c
119,85 ± 2,54 c
101,67 ± 3,18 c
089,13 ± 1,22 ab
077,65 ± 1,47 a
< 0,001

Callus dry weight
(mg)
13,86 ± 0,70 a
14,33 ± 1,45 a
16,33 ± 0,94 a
14,20 ± 0,92 a
11,32 ± 0,38 a
15,40 ± 1,01 a
18,15 ± 1,08 a
58,99 ± 1,92 c
20,69 ± 1,02 b
23,19 ± 3,01b
16,00 ± 1,63 a
12,10 ± 0,16 a
11,10 ± 0,51 a
< 0,001

In a same column, values followed by the same letters are not significantly different, Newman-keuls test (P< 0.05); ±: SD
(standard deviation); control: no cytokinin
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Analysis of this table revealed a highly significant effect (P <0.0001) of the type and concentration of
cytokinins on callus formation
Addition of different BAP concentrations in the medium supplemented with 5µM PIC resulted in a significant
reduction of callus induction rate compared to the control medium containing 5µM PIC alone. However, no
significant differences were observed in terms of fresh and dry weight of callus. When KIN concentration has
been 5 times higher than that of PIC, callus induction rate was statistically higher than the one obtained on
control medium. With ratios KIN / PIC below or above 5 no significant difference was observed with control
medium. Highest callus proliferation was exhibited when a ratio of 5 or 10 was used. However, values obtained
with the ratio 5 were significantly higher than those expressed by a ratio of 10.
On medium supplemented with higher concentration of PIC than ZEA, callus induction rate was
significantly higher compare to medium containing 5µM PIC alone. At equal concentrations of these growth
regulators, no statistical difference in callus induction rate existed with the control medium. When ZEA / PIC
was superior to 1, a significant reduction in callus induction rate was observed. Fresh and dry weights of callus
were significantly higher than the one obtained on control medium, when ZEA concentration was lower than
that of PIC. For a ratio ZEA / PIC ≥ 1, no significant difference was observed with the control medium.
These different results indicate that responses to callus formation from L. multiflora leaf explants varied
greatly and depend on the type and concentration of cytokinins associated with 5µMPIC. The best responses in
terms of callus induction rate and fresh and dry weight of callus were expressed on the medium supplemented
with the hormonal regime KIN / PIC = 5. This result suggests that the combination is more favorable for callus
induction in L. multiflora. An antagonism effect was observed during callus induction phase with BAP and ZEA
in combination with PIC. However, a synergistic activity was noted in cell proliferation between KIN and PIC. In
contrary to the present study, a stimulatory effect on callus induction from leaf explants was observed with
combination BAP / 2,4-D (Haouala et al., 2010). Probably, BAP effect on callus induction depends to the type of
auxin involved in the combination. According to Bharathi and Elavarasi (2012), the choice of hormones is more
crucial for callus induction than their concentrations.
Hormonal combination retained at the end of this experiment was used to evaluate the effect of the
nature and concentration of carbon source on the response of callogenesis from leaf explants.
Effects of the type and concentration of carbohydrates on callus induction
Sugars have two roles in culture medium, both as source and as osmotic pressure regulator, which are
both important for callus induction (Bishnoi et al., 2000). Then, it is necessary to investigate the best carbon
source for callus induction (Mendoza and Kaeppler, 2002).
On media supplemented with different types of sugar, callus was induced from leaf explants (Figure 3).
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Figure 3. Callus induction and proliferation from Lippia multiflora Moldenke leaf explant on medium supplemented with
different types and concentrations of sugars; (A-D) Callus derived leaf explants on medium supplemented respectively with
30g/L of sucrose, glucose, fructose and maltose; (E-I) Callus produced after three subcultures on media containing different
concentrations of fructose (10; 20; 30; 40 et 50 g/L).
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After eight weeks of culture, callus formation was recorded in terms of rate of induction and fresh and
dry weight of callus. Experimental values are shown in Figure 4.
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Figure 4. Callus induction and proliferation from Lippia multiflora leaf explants on medium supplemented with
30 g/L of different types of carbohydrates after eight weeks of culture ; A: callus induction rate; B: callus fresh
and dry weight
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Figure 5. Callus induction and proliferation from L. multiflora leaf explant on medium supplemented with different
concentrations of fructose after eight weeks of culture

Statistical analysis revealed that type of sugar affected callus induction percentage and cell proliferation
(P> 0.001). This significant effect of carbon source on the frequency of callus formation in L. multiflora was
also reported in many plants such as rice (Shahnewaj and Bari, 2004) and olive (Gracia et al. 2002). The media
containing glucose and fructose have expressed the same rate of callus induction. This rate is significantly
higher than those obtained on media containing sucrose and maltose. In terms of cell proliferation, fructose
followed by glucose exhibited the highest callus fresh and dry weight. The lowest cell proliferation was
observed with media containing sucrose and maltose. These results indicate that callus induction from leaf
explants in L. multiflora depends strongly on the nature of the carbon source. The favorable effect observed
with fructose in this study could be explained by the fact that this sugar is more easily assimilated by L.
multiflora cells.
In contrary to results reported in this study, better response to callus formation was obtained on
glucose supplemented media by many authors (Burbulis et al., 2007; Kouakou et al., 2008.). These two simple
sugars (glucose and fructose) obtained after acid hydrolysis of sucrose are more easily assimilated by the cells
comparing to the disaccharide. However, a competition effect may exist between the simple sugars which
preferential uptake by cells depends on the plant variety. Thus, fructose would faster be metabolized than
glucose in L. multiflora cells. Species-specificity in the source and concentration of sugar for optimal growth
rate was found in several culture systems. Different pathways of morphogenesis observed were dependent on
the type of carbohydrate and its concentration (Romano et al., 1995).
Although sucrose is the carbon source most frequently used for callus induction and plant regeneration
(Thompson and Thorpe, 1987), the results obtained in this study show that sucrose is not always the best
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carbon source for callus. Similar findings have been reported by Thompson and Thorpe (1987) and Amiri and
Kazemitabar (2011).
Of the four types of sugar used, fructose has promoted the maximum callus formation. Different
concentrations of this sugar have been tested in this experiment. Figure 5 illustrates the results obtained after
eight weeks of culture.
A highly significant effect of fructose concentration was revealed by statistical analysis (P> 0.001).
Callus induction rate and callus fresh and dry weight increased regularly to reach highest values at a
concentration of 30 g / L. Beyond this concentration, a significant reduction was observed in callus induction
rate and cells proliferation.
Callus formation from L. multiflora leaf explants depends on the concentration of fructose in the
medium. A significant effect of the concentration of the carbon source in the culture medium on the frequency
of callus formation was also noted in many plants such as rice (Shahnewaj and Bari, 2004) and olive (Gracia et
al., 2002). Similarly, Al-Khateeb (2008) found a significant difference in callus weight with Phoenix dactylifera
(L.) when explants were placed on media containing different concentrations of carbon hydrate. Variability in
response to callus formation in the presence of different concentrations of sugar has also been reported in
Fragaria x ananassa Duch (Gerdakaneh et al., 2009).
In this study, 30 g / L was the optimum concentration of fructose to maintain maximum callogenesis
response from leaf explants of L. multiflora. The increase in callus dry weight observed between 10 and 30 g / L
of fructosemight be due to a gradual increase in the osmotic stress induced by the medium increasingly
concentrated with sugar (Juhasz et al., 1997). Addition of sugar in culture medium acts as an osmotic agent
that may induce osmotic stress. This increasing osmotic stress probably causes greater accumulation of proline
and total soluble carbohydrates in the callus tissue (Javed and Ikram, 2008).
However, above certain concentration of sugar (30 g / L of fructose in this study), osmotic stress led to
a decrease in cell growth (Kim and Kim, 2002). These explanations are also corroborated by Nowak et al.
(2004) who stated that sugars do not only act as an external energy source but also contributes to the osmotic
potential of the medium which would allow the absorption of mineral nutrients in medium, essential to the cell
growth and thereby the optimal osmotic pressure necessary for optimal proliferation, may vary from one culture
to culture.
CONCLUSION
From this investigation, an effective and reproducible standard protocol for callus production using
Lippia multiflora Mold. leaf explants has been defined. MS basal medium supplemented with PIC (5µM) + KIN
(25 µM) at 3% fructose concentration was found the best interaction for expressing maximum callus
proliferation. The callus cultures, developed in this study can be used to screen, isolate and characterize
various secondary metabolites of L. multiflora for future applications in the pharmaceuticals. Besides leaf
explants, stem and root segments will also be used as explants for callus initiation. Subcultures will then be
performed to get sufficient calli for developing cell suspension cultures.
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