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Table 3 - Effects of different concentrations of plant growth regulators on petiole explants: mean number of shoots per explant,
mean height of plantlet, mean (%) explants that produced shoot/callus and mean number of flowers per explant

MS + PGR 
(mg L-1) 

Mean number of 
shoots per explant 

Mean height of 
plantlet (cm) 

Mean (%) explants 
produced shoots 

Mean (%) explants 
produced flowers 

Mean numberof 
flowers per explant 

Control 0.98±0.12 d 4.00±0.20 d 85.00±0.08 b 70.00±0.10 b 0.80±0.08 c 
0.5 GA3 4.80±0.15 b 6.50±0.15 b 90.00±0.09 a 85.00±0.06 a 2.50±0.18 a 
1.0 GA3 5.40±0.16 b 6.80±0.18 b 95.00±0.14 a 85.00±0.15 a 3.20±0.17 a 
1.5 GA3 5.00±0.15 b 6.00±0.20 b 95.00±0.11 a 82.00±0.11 a 3.00±0.15 a 
2.0 GA3 5.00±0.17 b 5.50±0.15 c 90.00±0.18 a 80.00±0.05 a 2.03±0.19 b 
0.5 BAP 3.93±0.08 bc 5.50±0.24 c 88.00±0.09 ab 80.00±0.05 a 2.00±0.20 b 
1.0 BAP 3.50±0.16 c 6.40±0.16 b 85.00±0.11 b 82.00±0.04 a 2.20±0.19 ab 
1.5 BAP 3.00±0.11 c 5.90±0.09 c 90.00±0.02 a 80.00±0.11 a 2.50±0.16 a 
2.0BAP 4.27±0.08 b 5.60±0.11 c 89.00±0.06 ab 83.00±0.15 a 1.50±0.10 bc 
0.5 KIN 6.57±0.30 a 8.47±0.16 a 90.00±0.14 a 85.00±0.04 a 2.80±0.20 a 
1.0 KIN 4.97±0.16 b 6.97±0.13 b 95.00±0.09 a 85.00±0.16 a 3.00±0.17 a 
1.5 KIN 4.13±0.06 b 6.40±0.14 b 90.00±0.10 a 80.00±0.20 a 2.00±0.16 b 
2.0 KIN 3.23±0.18 c 5.50±0.16 c 90.00±0.17 a 80.00±0.04 a 2.00±0.23 b 

 Data represents mean value ± standard error (SE) with 30 explants in each treatment. Means with different letters in the same column are
significantly different at p<0.05, by ANOVA and Duncan’s multiple range test (DMRT).

Figure 2 - Longitudinal sections of flower of Impatiens balsamina (A) In vivo flower showing the presence of (1) abaxial surface
(2) ovule (3) funiculus (4) placenta (5) stamen (B) in vitro flower showing the presence of (1) capitulum (2) sepal (3) petal

(4) ovary.
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flowering in long day ornamental plants, such as Zantedeschia (Kozlowska et al., 2007) and a
facultative long day plant, Brunonia (Wahyuni et al., 2011).

The most effective plant growth regulator for inducing in vitro flowering in our study was GA3,
followed by BAP, and kinetin. This result agrees with reports on the application of GA3 to Henckelia
humboldtianus, which also encouraged earlier flowering (Sumanasiri et al., 2013).  The effect on
some species is greater than that on others. The effectiveness of GA3 in inducing in vitro flowering
was also observed in many other plant species such as Phalaenopsis hybrida (Su et al., 2001).
GA3 are a group of key hormones regulating many aspects of plant growth and development
(Yamaguchi, 2008).
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The most effective concentration of GA3 was 1.0 mg L-1, which strongly affected the maximum
production of in vitro flowering in I. balsamina. Meanwhile, BAP was also found to promote in vitro
flowering, as observed in Perilla frutescens (Zhang, 2007) and Boerhaavia diffusa (Sudarshana
et al., 2008). This is similar to our results, in which BAP also induced in vitro flowering. Moreover,
kinetin applied singly also induced in vitro flowering of I. balsamina as well. Saha and Ghosh
(2014) reported that kinetin could induce in vitro flowering in Luffa acutangula. Miles and Hagen
Jr (1968) reported that there are flavones in flower petals of I. balsamina.

Silva et al. (2014) reported that level of plant growth regulators (PGRs), genotype, and culture
conditions are strongly associated with the initiation and development of floral organs from buds
or callus tissue of Dendrobium. This may be due to the level of flavones in the flower petals that
are affected by plant growth regulators. There are enormous physical and chemical aspects that
affect the in vitro flowering mechanism. The in vitro flowering processes are under the influence
of signals, including variations in endogenous levels (Campos and Kerbauy, 2004). However,
only few studies have addressed the effect of PGRs in in vitro flowering. Therefore, the observations
reported hereby could render opportunities for further studies on the molecular physiology of
flowering, particularly to understand how exogenous hormones regulate flower color in
I. balsamina under controlled in vitro conditions.

The in vivo and in vitro morphology of the I. balsamina flowers were similar although histology
analysis revealed that cell structures in in vitro flowers were not fully developed, possibly due to
the environmental cultural conditions. In vitro flowering exhibited miscellaneous pollination
biology. Numerous species of the genus Impatiens have diverse pollination biology (Schoen et al.,
1994). The carpels in Impatiens enclose the ovules and provide the style and stigma, as has been
reported for some other species (Sattler and Lacroix, 1988). The carpel column connections in
Impatiens provide evidence to support the theory of how the primordial carpel fused to form the

Figure 3 - Field Emission Scanning Electron Micrographs (FESEM) of 2-week-old in vivo and in vitro Impatiens balsamina
flower bud (A) In vivo flower bud (B) In vitro flower bud from plantlet cultured in MS medium with 1.0 mg L-1 GA3 (C) outer

surface of in vivo flower bud (D) outer surface of in vitro flower bud.
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placenta in angiosperm evolution (Muller et al., 2001). The Impatiens placenta is consequently
best described as a near-cylindrical terminal extension of the floral apex, whose base is linked
to the adjacent carpels (Chiurugwi et al., 2007). Field Emission Scanning Electron Microscopic
(FESEM) examination was performed on 2-week old in vitro and in vivo flower buds of I. balsamina.
FESEM of in vitro flower buds of I. balsamina treated with 1.0 mg L-1 GA3 showed internal structures
more clearly compared to in vivo flower buds. Ovule structure could be clearly seen on in vitro
flower buds. This proved that tissue culture promoted faster growth of plantlet.

The in vitro flowering process is very useful for large-scale production of plants. Moreover, it
also can be used to study the physiological, biochemical, and molecular basis of the complex
process of flowering. Effective protocols must be developed for mass propagation to conserve
germplasm and to get uniform plants of a selected genotype. It is also helpful for I. balsamina,
since it is very important to increase in vitro flowering frequency for genetic transformation
studies, breeding programs, and even for scientific decorations or handicrafts.
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