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An efficient plant regeneration protocol was developed from in vitro germinated seeds of Petunia 

hybrida an ornamentally important plant in the family Solanaceae. Shoot tip and node explants of 

Petunia hybrida were cultured on MS basal medium supplemented with different concentrations and 

combinations of Benzyl amino purine (BAP), 1-Naphthaleneacetic acid (NAA), Indole-3-butyric 

acid (IBA) and Gibberellic acid (GA3). The highest shoot length was obtained from MS medium 

supplemented with 1 mg/l BAP + 1 mg/l NAA. The highest shoot number (3 shoots/explant) were 

obtained from MS medium supplemented with 0.6 mg/l BAP + 0.5 mg/l IBA. The isolated shoots 

were transferred to MS basal medium supplemented with different concentrations of GA3 ranging 

from 0.05, 0.2, 0.5 and 1 mg/l for shoot elongation. The highest shoot length (5.75 cm) was recorded 

from the MS medium supplemented with 0.2 mg/l GA3 +0.2 mg/l BAP. Rooting of regenerated 

shoots were achieved on MS medium supplemented with 0.1-1 mg/1 IBA and NAA. The regenerated 

shoots with well developed roots were successfully acclimatized and established in pots containing 

sterilized peat moss and grown under laboratory conditions with 70% survival rates. 
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Introduction 

Ornamental plants are grown for decorative purposes in 

gardens and landscape design projects, as house plants, for 

cut flowers and specimen display. The cultivation of the 

plants is called floriculture, forming a major branch of 

horticulture. Petunia hybrida having colourful flowers and 

a long florescence shows high ornamental value and now 

is widely cultivated throughout the world (Quattrochio et 

al., 1999). It has become an important ornamental model 

crop in floriculture of high commercial interest (Sink, 

1984). Petunias are grown in gardens for their large, showy 

multicoloured flowers and it is also an important cut flower 

crop. Breeding of petunias began nearly 30 years after the 

plant’s discovery. Many species other than P. atkinsiana 

are also gaining popularity in the home garden. A wide 

range of flower colours, sizes, and plant architectures are 

available in both P. atkinsiana and other species. Petunia 

genus is consisted of 35 species of flowering plants 

origination from America. The plant is closely related to 

tobacco, cape gooseberries, tomatoes, deadly nightshades, 

potatoes, and chili peppers in the same family of 

Solanaceae. The popular flower of the same name derived 

its epithet from the French, which took the word petun, 

meaning “tobacco,” from a Tupi–Guarani language. An 

annual, most of the varieties seen in gardens are hybrids (P. 

× atkinsiana, also known as P. × hybrida). Petunia, which 

is believed to be the first cultivated bedding plant, is now 

the most preferred flower crop of the modem bedding plant 

industry. Petunias can be found in every colour of the 

rainbow in solids, contrasting waves or hedges and star 

patterns. The flowers may be large or small, ruffled, 

fringed or double. They bloom from spring until frost. 

Many petunias, especially white and lavender cultivars 

have a very sweet fragrance (Sabitha et al., 2009). 

Because of economical and ornamental importance of 

the plant, it is necessary to produce in vitro. Up to date no 

more studies available in the literature to regenerate the 

plant in controlled laboratory conditions. Therefore an 

efficient and permanent in vitro regeneration protocol is 

necessary for the plant. Regenerating ornamental plant in 

the field or in vivo directly causes some problems, such as 

disease and environmental affect, labour cost and large 

area of earth etc. Ornamental plants can be regenerated by 

http://creativecommons.org/licenses/by-nc/4.0/
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tissue culture approach. Because, plant tissue culture is a 

collection of techniques used to maintain or grow plant 

cells, tissues or organs under sterile conditions on a nutrient 

culture medium of the known composition. Plant tissue 

culture is widely used to produce clones of a plant in a 

method known as micropropagation. 

A moderate rate of multiplication of petunia through 

tissue culture has been reported earlier through direct 

organogenesis from shoot apices (Sharma and Mitra, 1976) 

and through indirect organogenesis from leaf bits and stem 

segments (Rao et al., 1973) and shoot tips (Dash and 

Singhsamant, 1990). The effect of different levels of 

naphthaleneacetic acid (NAA) and benzyl adenine (BA) on 

shoot multiplication and regeneration of Petunia hybrida 

was studied. Seeds of Petunia hybrida were germinated in 

vitro on MS basal medium. The seedlings were used as a 

source of explants for the multiplication and regeneration 

experiments (Abu-Qaoud et al., 2010). Growth regulators 

induce the competence of tissue to respond to further 

developmental signals. Li et al., (2013) improved two 

optimal media for in vitro culture of microspores and 

germination of mature pollen in Petunia hybrida. The 

effect of different levels of naphthalene acetic acid (NAA) 

and benzyl adenine (BA) on shoot multiplication and 

regeneration of Petunia hybrida was studied. Seeds of 

Petunia hybrida were germinated in vitro on MS basal 

medium (Abu-Qaoud et al., 2010). The effect of different 

levels of naphthalene acetic acid (NAA) and benzyl 

adenine (BA) on shoot multiplication and regeneration of 

Petunia hybrida was studied. The regenerated adventitious 

shoots were cultured on MS medium without growth 

regulator. These shoots were then rooted (Abu-Qaoud et 

al., 2010). 

Up to date little is known on in vitro regeneration of the 

plant which is an ornamentally and medicinally important 

plant. A new and different protocol was developed in the 

present study. 

 

Materials and Methods 

 

The seeds were purchased from Istanbul Tohumculuk 

(Turkey) company. To establish healthy petunia cultures, 

different concentrations of NaOCl in time of durations (4, 

6, 8 and 10% for 5, 10 minutes) were used for seeds surface 

sterilization. As a result the best concentration and duration 

was determined. After sterilization, the seeds were 

thoroughly rinsed several times with sterile distilled water 

before being inoculated in the culture medium to remove 

the traces of the chemicals. Plant culture medium was 

prepared from commercially available premixed powders. 

Murashige and Skoog (MS), Gamborg’s B5 and White 

(Wt) media (Duchefa) were initially used for the 

germination, growth and development. 

The ready made media were supplemented with 30 gl/l 

sucrose as an energy source and 6 g/l agar as a gelling agent 

(Duchefa). Then the pH was adjusted to 5.7±0.1 with 1N 

NaOH or HCl. The whole components were dissolved on 

hot plate magnetic stirrer and the medium was dispensed 

into culture flasks at a rate of 25 ml and caped with 

polyethylene or aluminum foils and autoclaved at 121°C 

and 1.5 atm for 20 min. Two explants were cultured on 

each culture vessel. Shoot tip were cut aseptically 

approximately in 1 cm and lateral buds in 1 cm long then 

initiated on MS medium supplemented with 3 levels of 6- 

Benzyl aminopurine (BAP) (0.3, 0.5, 1 mg/l) with 2 levels 

of NAA (0.5, 1 mg /l) and 2 levels of IBA (Indole-butyric 

acid) (0.5, 1 mg/l) for shoot induction. 

After four weeks of culture, developed shoots in the 

petri dish were sub cultured and long explants were 

inoculated in culture jars (5 x 10 cm) in MS basal medium 

supplemented with different concentration and 

combination of BAP and GA3. Plant shoots were 

maintained for 3 weeks in elongation medium. In vitro 

raised shoots in 2 cm and above were excised from the 

culture tube or culture bottle and sub cultured into MS 

medium containing different concentration of IBA and 

NAA for root induction. 0.2, 1 mg/l NAA and 0.2, 1 mg/l 

IBA and 1 mg/l NAA were added separately to MS 

medium and kept 4 weeks to obtain roots. After four weeks, 

acclimatized plants were transferred to the pots containing 

normal garden soil and maintain in greenhouse under 

normal day length conditions. 

 

Percentage Calculation 

The percentage given in the tables was calculated as 

follows. The number of incubated explants from which the 

data is provided was multiplied by 100 and the result was 

divided by the total number of explants. The results related 

to mean of provided data were obtained by taking 

arithmetical average in the rest. 

 

Results 

 

The highest regeneration percentage of P.hybrida seeds 

were recorded at 90% when they were treated with 8% of 

NaOCl for 5 minutes as compared with the other treatments 

(Table 1 and 2). 

 

Table 1 Effect of different NaOCl concentration for 5 

minutes on the survival percentage of seeds. 

NaOCl 

(%) 

Seed germination 

(%) 

Contamination 

(%) 

4 0 100 

6 92 50 

8 90 0 

10 20 0 

 

Significantly higher seed germination was also 

recorded at 75% when seeds were treated with 8% of 

NaOCl for 10 minutes as compared with the rest. The seeds 

were applied to 10% of NaOCl and rinsed three times with 

double distilled water for sterilization. However, the 

survival rate of seeds were recorded to be 0.0. None of the 

seeds were germinated because of the high concentration 

of NaOCl. The seeds were cultured on three different type 

of media MS, B5 and Wt. 

 

Table 2 Effect of different NaOCl concentration for 10 

minutes on the survival percentage of seeds. 

NaOCl 

(%) 

Seed germination 

(%) 

Contamination 

(%) 

4 10 80 

6 85 30 

8 75 0 

10 0 0 
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Multiple shoots were directly induced when shoot tips 
cultured on MS medium supplemented with different 
concentration of BAP, NAA and IBA. The highest length 
of shoots was (2.25 cm) recorded in MS medium 
supplement with 1 mg/l BAP + 1 mg/l NAA, but the lowest 
length was recorded (0.25 cm) in MS medium 
supplemented with 0.3 mg/l BAP + 0.5 mg/l IBA. The 
highest number of shoots (3 shoots/explant) were obtained 
from MS medium supplemented with 0.6 mg/l BAP + 0.5 
mg/l IBA, but the least numbers of shoots were recorded (1 
shoots/explant) in MS medium supplement with 1 mg/l 
BAP + 0.5 mg/l NAA, 0.6 mg/l BAP + 0.1 mg/l IBA and 
0.3 mg/l BAP + 0.1 mg/l IBA. The highest number of 
leaves (15 leaves/explant) was achieved in MS medium 
supplemented with 1 mg/l BAP + 1 mg/l NAA. The lowest 
number of leaves were obtained from (3 leaves/ explant) 
MS medium supplement with 0.6 mg/l BAP + 0.5 mg/l 
NAA and 0.6 mg/l BAP + 0.5 mg/l IBA (Table 3).  

The maximum number of roots were recorded (15 
roots/explant) in MS medium supplement with 0.3 mg/l BAP 
+ 0.1 mg/l IBA. The maximum length of roots was recorded 
in MS medium supplement with 1 mg/l BAP + 1 mg/l NAA 
is (4.67 cm) but the minimum length of roots (0.4 cm) was 
determined in MS medium supplement with 0.3 mg/l BAP + 
0.1 mg/l IBA. Multiple shoot growth was observed directly 
from nodal explants on MS medium fortified with different 
concentrations (0.3, 0.6 and 1 mg/l) of BAP combined with 
different concentration (0.5 and 1 mg/l) of oxins NAA and 
IBA. The highest length of shoots was produced on node 
explant (1.5 cm) incubated in MS medium supplemented with 
0.3 mg/l BAP + 0.5 mg/l NAA while the lowest length of 
shoots was (0 cm) in MS medium supplement with 0.3 mg/l 
BAP + 0.5 mg/l IBA. Maximum number of shoots were 
observed in MS medium supplemented with 1 mg/l BAP + 1 
mg/l NAA (4 shoots/ explant). But the minimum number of 
shoots was detected in the medium supplemented with 0.3 
mg/l BAP + 0.5 mg/l IBA (Table 3).  

The highest number of leaves (13.5 leaves/explant) 
were recorded from nodal explants cultured on MS 
medium supplemented with 1 mg/l BAP + 1 mg/l NAA. 
But the lowest number of leaves (0 leaves/explant) were 
recorded from node explants in MS medium supplemented 
with 0.3 mg/l BAP + 0.5 mg/l IBA. The maximum number 
of roots (6.5 roots/explants) was obtained from MS 
medium supplemented with 0.6 mg/l BAP + 0.5 mg/l IBA. 
The minimum number of roots (0 roots/explant) was 
detected in MS medium supplemented with 0.3 mg/L BAP 
+ 0.5 mg/l NAA, 0.6 mg/l BAP + 1 mg/l NAA, 1 mg/l BAP 
+ 1 mg/l NAA, 1 mg/l BAP + 0.5 mg/l IBA and 0.3 mg/l 
BAP + 0.5 mg/l IBA.  

The best result of root length (3.50 cm) was recorded 
when the shoots were transferred to medium containing 0.6 
mg/l BAP +0.1 mg/l IBA. Unfortunately, no root 
development was  (0 cm) recorded from nodal incubated in 
MS medium supplemented with 0.3 mg/l BAP + 0.5 mg/l 
NAA , 0.6 mg/l BAP + 1 mg/l NAA , 1 mg/l BAP + 1 mg/l 
NAA , 0.6 mg/l BAP + 0.5 mg/l NAA , 1 mg/l BAP + 0.5 
mg/l IBA and 0.3 mg/l BAP + 0.5 mg/l IBA. 

The data in Table 4 explain the effect of different BAP 
and NAA concentration on shoot and root length and 
number of shoots, leaves and root per explant. The longest 
shoot was recorded in MS medium supplemented with 1 
mg/l BAP + 1 mg/l NAA (2.25 cm). The highest number 
of shoots was obtained (3 shoots/explant) from shoots tip 
cultured in MS medium supplemented with 0.6 mg/l BAP 
+ 0.5 mg/l NAA. The highest number of leaves per explant 
was recorded from shoot tip explants in MS medium 
supplemented with 0.3 mg/l BAP + 0.5 mg/l NAA (10.5 
leaves/explant). The highest number of roots (12 
roots/explant) was obtained from shoot tips cultured in MS 
medium supplemented with 0.3 mg/l BAP + 0.5 mg/l 
NAA. The longest roots (4.6 cm) from shoot tip explants 
were recorded in MS medium supplemented with 1 mg/l 
BAP +1 mg/l NAA. 

 

Table 3 Effect of BAP with NAA, IBA on shoot tip and node explants of Petunia hybrida. 

PGRs C   E SL/E NS/E NL/E R/E RL/E 

BAP 0.3+  0.5 
Shoot tip 1.5 2.5 10.67 12.33 3.00 
Node 1.5 2.5 11.00 0.00 0.00 

BAP 0.6+ NAA 1 
Shoot tip 1.5 2 8.50 6.50 3.00 
Node 0.2 2 1.50 0.00 0.00 

BAP 0.3+ NAA 1 
Shoot tip 0.7 2 5.50 2.50 1.60 
Node 0.5 2.5 6.50 2.50 0.60 

BAP 1+ NAA 0.5 
Shoot tip 0.3 1 4.50 4.00 1.75 
Node 0.4 2.5 7.50 0.50 0.15 

BAP 1+ NAA 1 
Shoot tip 2.25 2.5 15.00 10.50 4.67 
Node 1.15 4 13.50 0.00 0.00 

BAP 0.6+ NAA 0.5 
Shoot tip 0.5 2.5 3.00 3.50 0.60 
Node 0.25 3.5 2.50 5.50 0.00 

BAP 1+ IBA 0.1 
Shoot tip 0.7 1.5 6.00 6.00 2.50 
Node 0.5 2 4.50 6.00 1.25 

BAP 1+ IBA 0.5 
Shoot tip 0.6 2.5 6.00 6.00 0.45 
Node 0.3 2 4.00 0.00 0.00 

BAP 0.6+ IBA 0.1 
Shoot tip 0.75 1 5.00 9.50 2.50 
Node 0.8 2 4.00 4.50 3.50 

BAP 0.6+ IBA 0.5 
Shoot tip 0.3 3 3.00 4.50 0.55 
Node 0.2 0 2.50 6.50 0.25 

BAP 0.3+ IBA 0.5 
Shoot tip 0.25 2 3.50 3.00 0.75 
Node 0 0 0.00 0.00 0.00 

BAP 0.3+ IBA 0.1 
Shoot tip 0.7 1 3.50 15.00 0.40 
Node 0.1 1 1.00 1.00 0.20 

C: Concentration (mg/l), E: Explant, SL/E: Shoot Length (cm) /Explant, NS/E: No of Shoot/explant, NL/E: No of Leaves/explant, R/E: No. of 
Roots/explant, RL/E: Root Length (cm)/explant 
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Table 4 Effect of BA and NAA on shoot multiplication from shoot tip explants. 

PGR concentration (mg/l) Shoot length (cm) Shoot No Leaf number Root No Root length (cm) 

0.3 BAP+0. 5 NAA 1.5 2.5 10.5 12 3 

0.3 BAP +1 NAA 0.7 2 5.5 2.5 1.6 

0.6 BAP +0.5 NAA 0.5 3 3 3.5 0.6 

0.6 BAP + 1 NAA 1.5 2 8.5 6.5 3 

1 BAP +0.5 NAA 0.3 1 4.5 4 1.7 

1 BAP + 1 NAA 2.25 2.5 15 10.5 4.6 

 

Table 5 Effect of BA and NAA on shoot multiplication stage from axillary node explants. 

PGR concentration (mg/l) Shoot length (cm) Shoot No Leaf number Root No Root length (cm) 

0.3 BAP+0. 5 NAA 1.5 2.5 11 0 0 

0.3 BAP +1 NAA 0.5 2.5 6.5 2.5 0.6 

0.6 BAP +0.5 NAA 0.25 3.5 2.5 5.5 0.35 

0.6 BAP + 1 NAA 0.2 2 1.5 0 0 

1 BAP +0.5 NAA 0.4 2.5 7.5 0.5 0.15 

1 BAP + 1 NAA 1.15 4 13.5 0 0 

 

Table 6 Effect of BA and IBA on shoot multiplication stage from shoot tip explants 

PGR concentration (mg/l) Shoot length (cm) Shoot No Leaf number Root No Root length (cm) 

1 BAP +0.1 IBA 0.7 1.5 6 6 2.5 

1 BAP +0.5 IBA 0.6 2.5 6 6 0.45 

0.6 BAP +0.1 IBA 0.75 1 5 9.5 2.6 

0.6 BAP +0.5 IBA 0.3 3 3 4.5 0.55 

0.3 BAP +0.1 IBA 0.7 1 3.5 3 0.4 

0.3 BAP +0.5 IBA 0.25 2 3.5 15 0.75 

 

Table 5. showed that different BAP and NAA 

concentration in MS medium was significantly effective on 

the number of shoots per explant and the number of leaves 

and shoot length and number of roots and root length 

produced on the shoot from the culture of axillary node 

explant. The highest number of leaves (13.5 Leaves 

/explant) was achieved in MS medium supplemented with 

1 mg/l BAP + 1mg/l NAA. The highest number of 

adventitious shoot regeneration (4 shoots/explant) was 

produced from axillary node explant in MS medium 

supplemented with 1 mg/l BAP + 1mg/l NAA. The highest 

length of shoots was observed in MS medium supplement 

with 0.3 mg/l BAP + 0.5 mg/l NAA (1.5cm). The highest 

number of roots was produced in MS medium 

supplemented with 0.6 mg/l BAP + 0.5 mg/l NAA. The 

highest length of roots was recorded (0.6cm) on the shoot 

tip explant cultured in MS medium supplemented with 0.3 

mg/l BAP + 1 mg/l NAA. The other treatments did not 

produce roots but they produced callus. 

Table 6 shows the effect of BAP on shoot regeneration 

of Petunia shoot tip explants and the effect of IBA on 

rooting of Petunia’s microshoots. The addition of 0.6 mg/l 

BAP + 0.1 mg/l IBA in MS medium was the best 

concentration on shoot formation, (0.75 cm) per shoot. The 

highest number of shoot formation (3 shoots/explant) was 

recorded from culture in MS medium supplemented with 

0.6 mg/l BAP + 0.5 mg/l IBA. The highest number of 

leaves (6 leaves/shoot) were provided from 1 mg/l BAP + 

0.1 mg/l IBA and 1 mg/l BAP + 0.5 mg/l IBA supported 

MS medium. The highest root number was recorded by the 

addition of 0.3 mg/l BAP + 0.5 mg/l IBA. In that culture 

medium 15 roots/explant were produced. The longest root 

(2.6 cm) was recorded in the MS medium supplement with 

0.6 mg/l BAP + 0.1 mg/l IBA.  

 

Table 7 declares the effect of different BAP and IBA 

concentration on shoot development. The highest shoot 

length was measured (0.8 cm ) in MS medium supplement 

with 0.6 mg/l BAP + 0.1 mg/l IBA. In ddition, MS medium 

supplemented witth 0.6 mg/l BAP + 0.5 mg/l caused the 

highest shoot number (4.5 shoot/explant). In axillary node 

explant the highest number of leaves formation was 

produced in MS medium supplement with 1 mg/l BAP + 

0.1 mg/l IBA. The highest number of root was recorded in 

MS medium supplemented with 0.6 mg/l BAP + 0.5 mg/l 

IBA (6.5 roots/ explant). The highest length of roots was 

produced in MS medium supplement with 0.6 mg/l BAP + 

0.1 mg/l  (3.5cm/shoot). 

Table 8 shows the effect of gibberellin on shoot length 

of Petunia. The highest length of shoots was recorded from 

the MS medium supplemented with 0.2 mg/l GA3 +0.2 

mg/l BAP (5.75 cm).The highest number of leaves (23 

leaves/shoot) was achieved when GA3 was added at 0.2 

mg/l concentration in MS medium. The addition of GA3 at 

0.2 mg/l concentration gave the best result on axillary node 

formation (23 node/shoots). The highest internode length 

formation was produced in MS medium supplement with 

0.2 mg/l GA3 +0.2 mg/l BAP (0.85cm). But the lowest 

result was taken from MS medium supplemented with 

0.05mg/l GA3 +0.5 mg/l BAP (0.1 cm). 

The results showed that different concentration of IBA 

and NAA in MS medium had significant effect on root length 

per explant and the number of roots per explant after four 

weeks of culturing for rooting of the plant. Table 9 shows the 

effect of IBA on root formation of Petunia’s shoots. The 

highest number of roots was recorded in MS medium 

supplemented with 1 mg/l IBA (6.8 roots/shoot), subsequently 

0.8 mg/l IBA (5 roots /shoot). The highest root length (3.2 cm) 

was achieved in MS medium supplemented with 1 mg/l IBA 

an 0.8 mg/l IBA (3 cm) respectively. 
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Table 7 Effect of BA and IBA on shoot multiplication stage from axillary node explants. 

PGR concentration (mg/l) Shoot length (cm) Shoot No Leaf number Root No Root length (cm) 

1 BAP +0.1 IBA 0.5 2 4.5 6 1.25 

1 BAP +0.5 IBA 0.3 2 4 0 0 

0.6 BAP +0.1 IBA 0.8 2 4 4.5 3.5 

0.6 BAP +0.5 IBA 0.2 4.5 2.5 6.5 0.25 

0.3 BAP +0.1 IBA 0.1 1 1 1 0.2 

0.3 BAP +0.5 IBA 0 0 0 0 0 

 

Table 8 Effect of GA3 on shoot length stage. 

PGR concentration (mg/l) Shoot length (cm) Leaf number Axillary Node Internode length (cm) 

0.2GA3 +0.2 BAP 5.75 12 10 0.85 

0.2GA3 +0.5 BAP 5.25 16 14 0.55 

0.05GA3 +0.5 BAP 2.2 10 10 0.1 

0.05GA3 +0.2 BAP 3 13 10 0.2 

0.2GA3 4.5 23 23 0.3 

0.5 GA3 1.5 7 7 0.2 

1 GA3 4.5 10 9 0.5 

 

Table 9 Effect of IBA on rooting formation.  

Concentration of (mg/l) No of Root/shoot Root length (cm) 

0.1 0.2 0.5 

0.3 1.2 1.2 

0.5 2.5 2 

0.8 5 3 

1 6.8 3.2 

 

When the regenerated plantlets reached to 5-6 cm in 

length 4-5 cm in root, they were removed from the culture 

medium and wash thoroughly in running tap water. 

Plantlets were transferred to plastic pots containing sterile 

filled with perlite and peat. (3:1). Plantlets were kept in a 

chamber with 80–90 % relative humidity under a 16/8 h 

(light/dark) of photoperiod. Potted plantlets were to cover 

with transparent plastic bags to ensure high humidity and 

watered every three days for two weeks. Plants were 

acclimatized in ambient condition and survived in 70 %. 

 

Discussion 

 

The application of tissue culture techniques on petunia 

started in the late 1960's (Binding, 1971). The main 

objective of this work was to study influence to different 

conditions on morphogenesis and organogenesis of the 

plant. The present study includes the works in which the 

role of explants and plant growth regulators on the 

regeneration of Petunia was investigated. The role of 

certain plant growth regulators as major factors of in vitro 

morphogenetic processes is reflected in this study.  We 

described the development of explants and their 

differentiation to whole plants.  The primary goal is to 

clone certain Petunia line in vitro for horticultural uses. 

Shoot tip and axillary node were found to be most 

regenerative explants on the micropropagation of Petunia 

hybrida. Seeds were sterilized in four different 

concentration of sodium hypo chloride (NaOCl) (4, 6, 8 

and 10%), at two different time of period (5 and 10 min.). 

The best and contamination free germination (at 90%) was 

obtained from the application of 10 minutes and 8% of 

NaOCl concentration. In 10 minutes and 10% of NaOCl 

application resulted in germination at 20 %. The main 

reason for the result could be the size of the seeds.  The thin 

layer surface of small seeds was probably injured and 

caused to death due to high concentration and time of 

application period of NaOCl. Lower NaOCl application 

(4%) caused contamination due to insufficient sterilization 

and no germination was observed. Moreover, different 

results were obtained when different application period and 

concentration of NaOCl were used (Hailu et al., 2015; 

Walla et al., 2016).  

In the current study, three types of plant media without 

PGR were applied for the germination of Petunia hybrida’s 

seeds. The best results for seed germination was obtained 

from MS medium with 90%, which was more than the 

germination ratio in B5 medium and White medium 

resulted in 70% and 50% germination respectively. The 

reason could be due to the chemical structures, vitamins, 

macro elements and microelements concentration in each 

media which were different from each other. The yellowish 

colour change was observed in seedlings. It was thought 

that the reason could be Fe deficiency. 0.005 mg/l Fe was 

added in MS medium and the colour of the plant was turned 

to original green.  

Walla et al., (2016) demonstrated that the clonal 

propagation of plants from explants is a rapid emergence 

of organs which can ultimately give rise to plant. The 

multiplication stage was repeated at regular intervals to 

produce large-scale shoot for commercially use. The shoot 

induction and proliferation are mostly depended on plant 

growth regulators and types of explants. The exogenous 

Cytokinin, BAP can steer the shoot tip and nodal segment 

explants to produce shoots in vitro. To understand the 

action of cytokinin, it is required that the actual 

concentration of the compound within the incubation 

medium should be characterized during the developmental 

process (Fosket, 1980; Van der Krieken et al., 1990). 
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Explants and endogenous PGRs concentration are 

important factors for the success of in vitro plant 

regeneration.  Moreover, meristematic cell containing 

explants can increase shoot multiplication. In the other 

hand, regenerated shoots from axillary buds and shoot tips 

are true types because in their regeneration process 

(Kharrazi et al., 2011). In the present study, combination 

of cytokinin and auxin was found to be more productive on 

shoot organogenesis. The combination of BAP with IBA 

and NAA was resulted in adventitious shoot, leaaf and root 

formation. Parallel results were reported by Annapurna and 

Rathore, (2010).  

 The major effects of BAP and other cytokinin’s have 

been characterized in a limited plant tissues and their 

activities differ significantly (Laloue, 1977). The benzyl 

adenine (BA) glucosides are normally considered to be 

inactive. The BA ribosides (BAR) and free base may be 

involved in the regulation of cell division or other 

developmental processes (Letham and Palni, 1983). Shoot 

tip explant was applied to BAP and in combination with 

NAA and IBA in MS medium to increase shoot growth. 

The highest shoot length was provided to be 2.25 cm in MS 

medium supplement with 1 mg/l BAP + 1 mg/l NAA. The 

increased concentration of BAP caused increasing shoot 

production. Vidya et al., (2013) and Mahadev et al., (2014) 

reported that the combination of auxin and cytokinin 

supports the differentiation of organogenesis  

The highest number of shoots (3 shoots/explant) was 

recorded in MS medium supplement with 0.6 mg/l BAP + 

0.5 mg/l NAA. Parallel results were reported by Sharmin 

et al., (2008). Axillary node explant was applied to BAP in 

combination with NAA in MS medium to increase multiple 

shoot regeneration MS medium supplement with 1 mg/l 

BAP + 1 mg/l NAA gave the maximum number of shoots 

(4 shoots/explant) and the shoot length (1.15 cm). The 

synergistic effect of cytokinin and low auxin for multiple 

shoot induction has been reported in the same family 

Solanaceae (Khadiga et al., 2009).  

Effect of different concentration of cytokine, BAP and 

auxins, NAA and IBA on direct shoot regeneration was 

investigated. The maximum number of shoot induction in 

shoot tip explants was observed on MS medium 

supplemented with 0.6 mg/l BAP + 0.5 mg/l IBA (3 

shoots/explant). The highest length of shoots was produced 

on node explant (0.8 cm) incubated in MS medium 

supplemented with 0.6 mg/l BAP +0.1 mg/l IBA. The 

results show the higher potential of the collective effect of 

BAP, NAA for shoot induction than those of BAP, IBA. 

The growth of the above ground part was particularly 

strongly stimulated by 0.2 and 0.05 mg/l of gibberellic acid 

(GA3) in combination with BAP. Plantlets were developed 

in MS medium supplemented with 0.2 mg/l GA3 + 0.2 mg/l 

BAP (5.75cm in lenght). Plants regenerated on MS 

medium supplement with 0.2 GA3 gave the highest number 

of leaves (23) which is in agreement with the results by 

Kulpa and Nowak, (2011). Gibberellins are recognized to 

have a stimulatory effect on shoot elongation in many 

species, aside from helping in the further growth and 

development of preformed organs. This can be ascribed to 

the increased transport of potassium ions assisted by 

gibberellin (Kulpa and Nowak, 2011). 

The function of rooting stage is to prepare plantlets for 

transplanting and acclimatization to outside environment 

(Hartmann and Kester, 1983). Auxins have several 

promoting roles in tissue culture and they have the facility 

to promote root initiation (Wetherell, 1982). Synthetic 

auxins such as IBA and NAA are frequently used for in 

vitro root initiation and increasing root number and length 

even present alone or in combination. 

Regenerated shoots of Petunia hybrida was established 

from the previous stage with the length of 1.5 to 4 cm and 

the plants were rooted in MS medium supplement with 

different concentrations and combinations of IBA and 

NAA. Our data showed that MS medium supplemented 

with 1 mg/l IBA +0.2 NAA gave the highest number of 

root formation per explant (9 roots/explant) and also the 

best root length of root per explant (4 roots/explant) 

obtained from the similar media after four weeks. MS 

medium supplemented with 0.1 mg/l NAA and also 0.1 

IBA showed a very few root formation. In our research 

IBA was more effective than NAA with respect to rooting 

of the regenerated shoots. The same result has been 

reported by Husain et al., (1999). 

These results in agreements with Otroshy et al., (2011). 

The MS medium supplemented with 1mg/l NAA was 

effective for inducing root formation on Capsicum plants 

and also IBA was more effective for root induction than 

NAA even alone or in combination with each other. In the 

present study, regeneration of Petunia hybrida was greatly 

achieved by using different plant growth regulators 

supplemented with MS medium. It was concluded that MS 

medium supplemented with 1mg/l BAP+ 1mg/l NAA was 

proven to be the best medium for primary establishment of 

direct organogenesis of Petunia hybrida in all the 

treatments based on available shoot tip and nodal explants. 

The best result for shoot elongation was recorded in MS 

medium supplemented with 0.2 mg/l GA3. Plantlets grown 

under these conditions gave higher number of leaves and 

auxiliary nodes. Auxins such as NAA and IBA added to 

MS medium in concentration with 1 mg/l IBA +0.2 mg/l 

NAA was appeared to be the most useful for rooting of 

Petunia hybrida. Petunia plant rooted in this way was 

recorded to have numerous roots.  

A high survival acclimatization of the in vitro grown 

plantlets was proven the validity of the development into 

healthy plants after being transferred to chamber. The 

present study describes an efficient protocol for in vitro 

regeneration of Petunia hybrida. For future perspective, 

the protocol can be applied for large scale production of the 

plant for commercial purpose and the regenerated plant 

may be used for medicinal purpose.  
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