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Abstract 
Geranium plant (Pelargonium graveolens L'Her) is one of the geranium oil-producing plants that has many benefits. 
Callus culture is a technique that can be used to plant multiplication and increase production of secondary metabolites. 
This study aims to determine the effect of the concentration of Benzyl Adenine on the formation of geranium callus 
from petiole and leaf explants. Callus induction was carried out by culturing petiole and leaf explants on MS medium + 
0.1 mg.L

-1 
NAA + Benzyl Adenine (0; 0.5; 1; 1.5 and 2 mg.L

-1
). Callus morphological parameters, percentage of callus 

formation, and time of first callus formation were observed. The formation of geranium callus influenced by the explant 
type and the concentration of Benzyl Adenine. In the 2

nd
 week, the geranium callus was initiated, light green colored 

with a compact callus texture. At 4
th

 week, the percentage of callus formation containing NAA 0.1 mg.L
-1

 of petiole and 
leaf explants was 20% and 8%, whereas the percentage of callus formation on medium containing 0.1 mg.L

-1 
NAA 

combined with 0.5-2 mg.L
-1 

Benzyl Adenine of petiole and leaf explants was 52-80% and 24-52%. The best percentage of 
callus formation was found on the culture medium containing 1 mg.L

-1 
Benzyl Adenine, equaled 80% of petiole explants, 

and 52% of leaf explants. 
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INTRODUCTION 
Pelargonium graveolens L'Her or known by 

the name Geranium plant is one of the geranium 
essential oil-producing plants that have many 
benefits such as cosmetics, perfume and can 
overcome several health problems [1-2]. The 
high demand for geranium oil has not been well 
fulfilled by total production. Global geranium oil 
production is estimated at only 250-300 tons per 
year, while demand for geranium oil is more than 
800 tons per year [3]. Based on this there is an 
opportunity to increase geranium oil production 
through callus culture techniques. 

Callus culture techniques in addition to plant 
propagation techniques are also one of the 
techniques for the production of secondary 
metabolites [4]. Callus culture techniques has 
several advantages such as controlled 
environmental factors so that it is not influenced 
by climate, season, pests and plant diseases and 
can produce secondary metabolites that are 
more consistent in a shorter period of time [5]. 

Growth and formation of callus in culture was 
influenced by plant growth regulators (PGR) 
auxin and cytokinin. The use of PGR alone or in 
combination with the right concentration can 
induce and increase callus growth so that better 
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results are obtained. The use of a combination of 
PGR auxin and cytokinin greatly influences the 
determination of the type of morphogenesis. The 
balance of hormones in cells against auxiliary 
PGR auxin and cytokinin determines the 
differentiation process [6-7]. The combination of 
auxins and cytokinins properly stimulates cell 
division so that it can induce callus formation [8].  

Callus induction is strongly influenced by the 
type and concentration of plant growth 
regulators. NAA and BA are types of auxins and 
cytokinins commonly used for callus induction. In 
Astragalus nezakate plants, the response of 
callus formation and bud regeneration on MS 
medium with the addition of NAA and BA was 
more effective than the addition of other plant 
growth regulators [9]. The use of 0.05 mg.L

-1
 NAA 

and 5 mg.L
-1

 BA could increased the frequency of 
callus formation in Catalpa bungei [10]. 
Arthemisia absinthium callus induction on MS 
medium with the addition of BA combined with 
NAA, 2,4-D or IBA is also able to form callus up to 
100% [11]. 

The use of different types of explants can also 
provide a different callus growth response [12]. 
The use of appropriate explants in each species is 
a major factor in the success of callus culture. 
Callus formation from Eurycoma longifolia Jack 
explants was faster than leaf explants [13]. While 
the use of Catalpa bungei stem explants is less 
responsive in forming callus compared to leaf 
explants [10]. 
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The results of these studies, it appears that 
the response of callus formation depends on 
plant genotype, type of explant and formulation 
of the medium used. This study aims to 
determine the effect of Benzyl Adenine 
concentration on callus formation of geranium 
plants (Pelargonium graveolens L'Her.) from 
petiole and leaf explants. 

MATERIALS AND METHODS 
Petiole and leaf explants of geranium plant 

(Pelargonium graveolens L'Her) were used for 
callus induction. The explants surface was 
sterilized using a 20% commercial whitening 
solution  (containing 5.25% NaClO) for 5 minutes 
and rinsed by using sterile distilled water twice 
each for 5 minutes. Sterile explants were 
cultured on MS medium with the addition of 
plant growth regulators, namely NAA (0.1 mg.L

-1
) 

combined with several concentrations of plant 
growth regulators BA (0; 0.5; 1; 1.5 and 2 mg.L

-1
). 

Each treatment was repeated 5 times (bottle), 
each bottle was cultured with 5 explants. The 
culture was incubated at room temperature (25 ± 
1)°C and 600 Lux light. 

The effect of each combination treatment of 
plant growth regulators on petiole and leaf 
explant was determined by observing callus 
morphology and percentage of callus formation, 
including time of first callus formation. 
Quantitative data were analyzed using ANOVA, 
and the averages compared using the Duncan 
multiple range tests (DMRT) at a significance 
level of 5% (P <0.05). 

RESULTS AND DISCUSSION 
Geranium callus can be induced from petiole 

and leaf explants cultured on MS medium with 
the addition of plant growth regulator Benzyl 
Adenine (BA) combined with NAA. Formation of 
the geranium callus was initiated in the 2

nd
 week 

after induction. The formed geranium callus was 
light green with a compact callus texture first 
visible on the edge of the explant cut, followed 
by the entire explant surface (Fig. 1). 

Induction of geranium callus influenced by 
the type of explant and BA concentration, both 
factors have a significant effect on callus 
formation and growth. At 4

th
 week after 

induction, the percentage of callus formation 
from petiole explants showed better results 
compared to leaf explants, which was 54.4% 
compared to 32.8% (Fig. 2). The percentage of 
callus formation was different. It indicates that 
the ability of petiole and leaf explant of geranium 
was different. 

After it was induced in MS medium by the 
addition of several concentrations of Benzyl 
Adenine, the percentage of geranium callus 
formation increased significantly. The addition of 
PGR BA on MS medium combined with NAA was 
able to produce a better callus formation 
percentage of petiole and leaf explant compared 
to the percentage of callus formation on MS 
media with NAA addition (control). The 
percentage of callus formation on the medium 
containing 0.1 mg.L

-1 
NAA was 20% of petiole 

explant and 8% of leaf explant, whereas the 
percentage of callus formation on the medium 
with the addition of 0.5-2 mg.L

-1
 BA combined 

with 0.1 mg.L
-1

 NAA was 52-80% of petiole 
explant and 24-52% of leaf explant.  

The effect of different concentrations of PGR 
BA could affect the percentage callus formation 
of geranium. The percentage of callus formation 
on the medium with the addition of 1 mg.L

-1
 BA 

with a combination of 0.1 mg.L
-1

 NAA indicated 
the best results and increased significantly (± 4 
times higher than the control) equaled 80% of 
petiole explants and 52% of leaf explants (Fig. 3).

 

 

 

 

 

 

 

 

 

Figure 1. Response of callus growth from petiole and leaf explants on the medium with the addition of plant growth regulator 
0.1 mg.L-1 

NAA combined with several concentrations of BA 
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Figure 2. Effect of explant types on percentage of 

formation of geranium callus at week 4 of 
culture. Note: The same lowercase notation 
shows no significant effect (DMRT P <0.05)  

 

 

 

 

 

 

Figure 3. Effect of explant type and various concentrations 
of PGR BA combined with 0.1 mg.L-1 NAA on the 
percentage of geranium callus formation. Note: 
The same lowercase notation indicate no 
significant effect between different PGR BA 
concentrations, while the same uppercase 
notation indicates no significant effect between 
different types of explants (DMRT P <0.05) 

The different responses of the formation and 
growth of different callus of petiole and leaf 
explants could be influenced by the physiological 
conditions of each explant. Different explants 
indicated different cleavage responses [14]. 
Several factors, such as plant genotypes, explant 
sources, mediums, and plant growth regulators 
on the medium, influenced formation and 
growth of callus [15]. Younger tissue and actively 
splitting explants provided faster and more 
responsive callus formation [16,17]. 

Besides being influenced by the type of 
explants, the formation and growth of callus 
were also influenced by the balance of plant 
growth regulators used. Benzyl adenine was a 
stable and effective synthetic cytokinin to 
accelerate callus development and growth [18]. 
The combination of suitable plant growth 
regulators was a major factor in the success of 
callus culture [10]. The difference in frequency of 
callus formation could be influenced by the 

balance of concentration of plant growth 
regulators used [17]. 

The addition of exogenous plant growth 
regulators into the medium increased the 
concentration of endogenous hormones in the 
cell. It can trigger the process of growth and 
tissue development [19]. The right combination 
of plant growth regulators (auxin and cytokinin) 
will stimulate cell division [8]. Plant growth 
regulators exclusively regulate the division and 
growth of plant cells. It served to trigger 
multiplication callus cells that were important for 
the production of secondary metabolites [20]. 

CONCLUSION 
Geranium callus formation could be induced 

from petiole and leaf explants. In the 2
nd

 week, 
the geranium callus was initiated. The percentage 
of callus formation of petiole explants (54.4%) 
was better than that of leaf explants (32.8%). The 
addition of PGR BA combined with NAA could 
increase the percentage of callus formation from 
petiole and leaf explants. Benzyl Adenine, with a 
concentration of 1 mg.L

-1
, was able to form callus 

with the highest percentage of explants petiole 
(80%) and leaf explants (52%). 
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