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Introduction                                                                         

Petunia x hybrida (Hook.) Vilm. (P. hybrida) 
known as the common garden petunia belongs to 
family Solanaceae and it is endemic to temperate 
and subtropical regions of South America. It 
comprises annual or perennial herbs derived from 
P. integrifolia and P. axillaris. The garden petunia 
was first obtained by hybridization in 1834 by 
Atkins of Northampton, a British nurseryman, and 
it soon spread to European gardens (Stehmann 
et al., 2009). It is among the most famous 
and commercially important bedding plants. 
Importance of petunia has been beyond being just 
an excellent bedding plant since it has played a 
key role in genetic transformation contributing to 
elucidating many of the characteristics of plant 
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transformation research which dates back to the 
earliest reports of this subject (Conner et al., 2009 
and Deroles et al., 1996).

An efficient protocol for in vitro regeneration 
of Petunia hybrida is a prerequisite for applying 
plant improvement programs. The same tissue 
culture protocol is not applicable to different 
genotypes due to the poor performance exhibited 
by some genotypes for growth and development 
in tissue culture comparing to the high aptitude of 
others (Conner et al., 2009). Different species of 
petunia have been investigated in order to optimize 
an in vitro regeneration protocol suitable for each 
species (George et al., 2008 and Jamshidnia & BE 
2013). Several explant types have been reported 
including protoplast, cotyledon and leaf explants 
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(Fan et al., 2009, Jin et al, 2007, Kag et al., 2018, and 
Meyer et al., 2009). The optimal levels of growth 
regulators and various culture conditions strongly 
vary according to the requirements of different 
genotypes (George et al., 2008 and Skvirsky et al., 
1984). Some of these culture conditions have been 
addressed in previous investigations on petunia 
including sugar (Raquin, 1983 and Zimmerman & 
Cobb, 1989), and plant growth regulators (Abu-
Qaoud, 2012 and Thirukkumaran et al., 2009). 
Different types of cytokinins with a wide range of 
concentration have been reported as optimal for 
shoot regeneration from leaf explants of petunia. 
These include BAP from 0.1 to 2 mg/l (Fan et al., 
2009, and Kag et al., 2018), TDZ (Thirukkumaran 
et al., 2009). Kinetin and α-naphthalene acetic 
acid (NAA) has been reported as well for callus 
induction stage (Abu-Qaoud, 2012). 

Other important factors which affect the 
regeneration in vitro are the strength of basal 
salt MS medium and subculture cycles. These 
two factors haven’t been reported for in vitro 
regeneration of petunia.  Even though, the effect 
of repeated subcultures has been reported on 
other plant species such as Gladiolus hybridus 
(Aftab et al., 2008), Vitex negundo (Rani and 
Nair, 2006) and Euphorbia tirucalli (Uchida et 
al., 2004) and the effect of basal salt strength was 
reported on Zingiber officinalis (Villamor, 2010). 
However, severe disadvantages may occurred and 
hinder the tissue culture techniques unless they 
are well managed. Among these disadvantages, 
hyperhydricity, previously known as vitrification 
appears as a consequence of very high humidity in 
the head space of tissue culture containers causing 
deterioration of plant growth and subsequently 
death of tissues (Rojas-Martinez et al., 2010). 
Aiming to reduce hyperhydricity, several previous 
investigations have been reported (Gao et al., 
2017, Whitehouse et al., 2002 and Zimmerman & 
Cobb, 1989).

The current study aims to examine the optimal 
PGRs type and concentration, the strength of basal 
salt MS medium, number of subculture cycles 
and sucrose concentration for callus induction 
and regeneration, multiplication and subsequent 
rooting of the regenerated shoots of Petunia  
hybrida. 

Materials and Methods                                              

Culture conditions
All experiments in this study were conducted 

twice during 2017 and 2018 at plant tissue culture 

laboratory, Department of Ornamental Plants and 
Landscape Gardening, Faculty of Agriculture, 
Assiut University. Murashige and Skoog (MS) 
basal medium (Murashige and Skoog, 1962) was 
used in all the experiments. Unless otherwise 
stated, the medium was solidified with 7.5 g agar/l 
(w/v) and the pH of the medium was adjusted to 
5.8 prior to autoclaving at 121º C and 1.5 kg/cm2 
for 30 min. The cultures of all experiments were 
incubated at 25 ±2°C under 16 hours light from 
cool white fluorescent tubes.

Callus induction from leaves of in vitro-
germinated seeds

Seeds of Petunia hybrida were collected 
from the nursery of ornamental plants, Faculty 
of Agriculture, Assiut University. The seeds 
were washed under running tap water and 
surface sterilized under aseptic conditions for 
five minutes in a 50% ethanol and then rinsed 
thrice with sterile distilled water for five minutes 
each. Surface sterilized seeds were germinated in 
250 ml baby-food jars containing 30 ml of MS 
medium supplemented with 30 g/l sucrose (Fig 1 
A&B). For callus induction, whole leaves taken 
from in vitro-growing seedling were cultured on 
MS basal medium supplemented with NAA at 
0.0 and 0.1 mg/l combined with BAP at various 
concentrations (0.0, 0.25, 0.5 and 1.0 mg/l). The 
leaves were placed with their abaxial surface 
firmly in contact with the medium (Fig.1 C). 
The experiment was factorial (2x4) arranged in 
a randomized complete block design. Data were 
taken on the percentage of explants forming callus 
in addition to the visual observations on callus 
characteristics after 21 days of culture the explant. 
The induced calluses were subcultured on PGRs-
free MS medium for one week to eliminate any 
residual  effect of any PGRs used and then were 
used for the regeneration experiment.

Adventitious shoot organogenesis from callus 
explants

Calluses were divided into ~ 3-5 mm diameter 
pieces and transferred to MS basal medium 
supplemented with 30 g/l sucrose. Three types 
of cytokinins were investigated including BAP, 
TDZ and Kin at different concentrations (0.0, 0.2, 
0.4, 0.6, 0.8 and 1.0 mg/l). The experiment was 
designed as 3 × 6 factorial experiment with three 
replicates. Each replicate comprised five jars, 
each jar containing 4 callus pieces. After 4 weeks, 
data were recorded on percentage of regenerating 
explants, percentage of explants forming callus, 
number of shoots regenerated per callus explants, 
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leaf number per shoot and hyperhydricity 
(vitrification) percentage. 

Shoot multiplication
Effect of cytokinin type and concentration on 
shoot multiplication

Shoot segments ( ̴̴ 1 - 2 cm with 2-3 nodes) 
were prepared from the regenerated shoots in the 
previous experiment. Two explants were cultured 
per a 250 ml baby-food jar containing MS basal 
medium supplemented with 30 g/l sucrose. Three 
types of cytokinins were investigated including 
BAP, TDZ and Kin at different concentrations (0.0, 
0.2, 0.4, 0.6, 0.8 and 1.0 mg/l). The experiment 
was designed as 3 × 6 factorial experiment in a 
randomized complete block design (RCBD) with 
three replicates and five jars per replicate. Data 
were recorded -after 4 weeks- on percentage of 
explants producing shoots, percentage of explants 
forming callus, number of shoots per explant, 
shoot length (cm), number of leaves per shoot and 
hyperhydricity (vitrification) percentage.

Effect of repeated subculturing and cytokinins on 
shoot multiplication

Microcuttings ( ̴̴ 1-2 cm with 2-3 nodes) 
attained from the shoots in the multiplication 
stage were cultured in 250 ml baby-food jars 
containing 30 ml MS basal medium supplemented 
with optimal cytokinin concentration of BAP (0.2  
mg/l), TDZ (0.4  mg/l)  or Kin (0.4 mg/l). After 
3 weeks, the microcuttings were subcultured on 
the same fresh medium. Two microcuttings per jar 
and five jars were used per replicate with a total 
of three replicates per treatment. The experiment 
was arranged in a completely randomized design 
(CRD). The subculture were repeated every three-
week for a total of four cycles of subculturing. 
Data were recorded after each subculture 
on percentage of explants producing shoots, 
percentage of explants forming callus, number of 
shoots per explant, shoot length (cm), number of 
leaves per shoot and hyperhydricity percentage. 

Effect of basal salt strength and sucrose 
concentrations on multiplication behavior

Microcuttings ( ̴̴ 1 - 2 cm with 2-3 nodes) excise 
from the shoots in the multiplication stage were 
cultured on MS salt basal media with four different 
strengths ( full, ¾, ½ and ¼ strength) in combination 
with three concentrations of sucrose (20, 30 and 40 
g/l). All media were supplemented with a BAP at 
0.2 mg/l. The experiment was designed in 4 × 3 
factorial treatment combinations in randomized 
complete block design (RCBD). Three replicates 

were employed with 5 jars in each replicate. Data 
were recorded after 3 weeks on hyperhydricity 
percentage, number of shoots per explant, shoot 
length (cm) and number of leaves per shoot. 

In vitro rooting of shootlets
Uniform individual shoots (~3-4 cm long 

each) derived from the multiplication stage were 
transferred to different rooting media  comprising 
three different strengths of MS basal salts 
(full, ½ and ¼ MS) in combination with three 
concentrations of sucrose (15, 20, 25 and 30 
g/l). All media were PGRs-free. The treatments 
were arranged in 3 × 4 factorial experiment in 
randomized complete block design (RCBD). 
Three replicates were employed with 5 jars in 
each replicate. Data were recorded after 3 weeks 
on rooting percentage, number of roots per shoot 
and root length (cm).

Acclimatization of the plantlets
The well rooted plantlets were carefully 

removed from the culture medium and the 
roots were gently washed in sterile distilled 
water to remove the agar. The plantlets where 
then transferred into plastic pots (15-cm in 
diameter) containing one of the following three 
autoclaved media, clay, peatmoss + perlite (1:1 
v:v) or peatmoss + vermiculite + perlite  (1:1:1 
by volume). Three replicates were employed 
and each treatment consisted of 3 pots and each 
pot contained one plantlet and covered with 
transparent polyethylene  plastic sheet to maintain 
high relative humidity around plants. The plastic 
cover was gradually removed starting from one 
week after transplanting in order to get rid of 
excess humidity as well as expose the plantlets to 
ex vitro conditions. The plantlets were irrigated 
with tap water whenever needed. Data were 
recorded after 4 weeks on survival percentage and 
average increase in shoot length (cm).

Statistical analysis
Data of all experiments was subjected to analysis 

of variance (ANOVA) and mean comparison were 
performed using the least significant difference 
(LSD) method with a significant level of 5%  
(Gomez and Gomez, 1984).

Results and Discussion                                         

Callus induction from leaves of in vitro-
germinated seeds

Callus was induced from leaves of in vitro-
germinated seeds of petunia only on the media 
amended with any combination of NAA and/or 
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BAP in varying concentrations. Meanwhile, 
the PGRs-free medium did not produce callus     
(Table 1). The induced callus was compact 
green in all cases (Fig.1.D). The results obtained 
indicate that the presence of both auxins and 
cytokinins is essential for callus formation. 
Significant differences were recorded among 
various concentrations of BAP. It was noticed 
that tendency to callusing increased as the 
BAP concentration was increased reaching its 
highest value (30%) when 0.5 mg/l BAP was 
employed. Increasing the BAP concertation 
to 1.0 mg/l led to a significant decline in 
callusing percentage (20%). Regarding the 
auxin application, the differences between 
NAA at 0.1 mg/l and the control (PGR-free) 
were significant. The interaction between BAP 
and NAA showed significant differences as 
well. Supplementing the medium with BAP at 
0.5 mg/l in combination with NAA at 0.1 mg/l 
resulted in the highest percentage for explants 
producing callus (40%). These results are 
consistent with the well-known fact that callus 
induction is promoted through the application 
of intermediate ratio of auxin and cytokinin, 
while a high ratio of auxin-to-cytokinin or 
cytokinin-to-auxin induces root and shoot 
regeneration, respectively. Inclusion of NAA 
in the callus induction medium of Petunia 
hybrida has been reported in concentrations 

ranging from 0.1 to 0.2 mg/l by some authors 
such as Su-ping (2001) and Xian-Chun (2010). 
In addition to NAA, BAP in a concentration 
up to 1.0 mg/l has been a common cytokinin 
recommended for Petunia hybrid in callus 
induction media by several authors such as Jin 
et al., (2007), Fan et al., (2009) and Kaviani & 
Kazemi (2017).

Shoot organogenesis from callus explants
Different types of cytokinins revealed 

significantly variable effects on shoot 
regeneration form callus of Petunia hybrida 
obtained from the previous step (Fig 1 E & 
F). Regeneration percentage ranged from 
40 to 90% when callus was cultured on MS 
medium with or without PGRs (Table 2). The 
addition of cytokinin (Kin, BAP and TDZ) 
at any concentration significantly increased 
the regeneration percentage as compared to 
regeneration on the PGRs-free medium, except 
for high concentrations of TDZ (0.8 and 1.0 
mg/l) which had lower regeneration % than 
the control. Generally, calluses cultured on 
kinetin-supplemented medium had the highest 
regeneration percentage (76.67%), followed by 
BAP (71.66) then TDZ (64.45%). Meanwhile, 
BAP produced the highest number of shoots, 
shoot length and leaf number/shoots as 
compared with Kin or TDZ (Table 2). 

TABLE 1. Effect of different concentrations of BAP and NAA on callus induction from leaf explants of Petunia 
hybrid after 21 days in culture

BAP
mg/l

NAA
mg/l

Explants producing callus % Visual observations

0.00 0.25 0.50 1.00 Mean 0.00 0.25 0.50 1.00

0.0 0.00 10.00 20.00 10.00 10.00
No 

response
Green 
callus

Green 
callus

Compact 
green   
Callus

0.1 0.00 33.33 40.00 30.00 25.80
No 

response

Compact 
green   
callus

Compact 
green   
Callus

Compact 
green   
Callus

Mean 0.00 21.70 30.00 20.00

LSD 0.05

BAP 2.50

NAA 1.77

BAP x NAA 3.53
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Fig. 1. Steps of callus induction from in vitro germinated seeds and shoot organogenesis of Petunia hybrida. (A) 
aseptically cultured seeds on PGRs-free MS medium, (B) germinated seeds, (C) cultured leaf explants for 
callus induction, (D) callus formed after 3 weeks from leaves on callus induction media containing 0.5 BAP 
and 0.1NAA (E) adventitious shoots regenerated from callus cultured on medium supplemented with 0.8 
mg/l TDZ after 4 weeks  (F)  Adventitious shoot multiplication on medium with 0.2 BAP after 3 weeks, 
(G) Rooting of isolated single shoot on 1/2 MS medium with 15 g sucrose/l, (H) Acclimatized  plantlets 
transferred to plastic pots filled with clay after 2 months , (I) Flowering petunia plants after 3 months of 
transferring to the field.
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TABLE 2. Effect of cytokinin type and concentration on shoots regeneration from callus explants of Petunia hybrid 
after 4 weeks in culture.

Treatments Parameters

Cytokinin 
type

Concentrations
mg/l

Regene-
ration

% 

Explants 
forming   
callus %

Hyper-
hydricity 

%

Shoot 
number/ 
explant

Shoot 
length 

cm

Leaf 
number/ 
explant

BAP 0.0 60.00 10.00 20.00 1.00 3.33 4.17

0.2 73.30 30.00 36.67 2.61 4.47 7.11

0.4 70.00 40.00 43.30 2.28 4.12 7.33

0.6 76.67 53.30 46.70 2.19 4.00 7.22

0.8 80.00 50.00 50.00 1.97 3.10 6.50

1.0 70.00 63.30 50.00 1.64 2.27 4.33

mean 71.66 41.10 41.11 1.95 3.55 6.11

TDZ 0.0 60.00 10.00 20.00 1.00 3.33 4.17

0.2 76.70 43.30 40.00 1.41 2.90 5.60

0.4 86.70 50.00 53.30 2.08 3.10 6.83

0.6 70.00 73.30 50.00 1.83 2.47 6.50

0.8 53.30 70.00 60.00 1.75 2.32 5.00

1.0 40.00 60.00 50.00 1.50 1.53 4.50

mean 64.45 51.10 45.55 1.60 2.61 5.43

Kin 0.0 60.00 10.00 20.00 1.00 3.33 4.17

0.2 90.00 40.00 63.30 1.33 2.57 6.00

0.4 90.00 60.00 50.00 2.22 3.25 8.50

0.6 80.00 63.30 60.00 2.00 2.70 5.43

0.8 70.00 60.00 66.70 2.08 2.30 4.5

1.0 70.00 76.70 70.00 1.66 2.10 4.00

mean 76.67 51.67 55.00 1.72 2.71 5.43

means of Concentrations

0.0 60.00 10.00 20.00 1.00 3.33 4.17

0.2 80.00 37.77 46.66 1.78 3.31 6.24

0.4 82.23 50.00 48.87 2.19 3.49 7.55

0.6 75.56 63.30 52.23 2.01 3.06 6.38

0.8 67.77 60.00 58.90 1.93 2.57 5.33

1.0 60.00 66.67 56.67 1.60 1.97 4.28

LSD 0.05
Cytokinins 3.50 2.28 2.29 0.15 0.22 0.32

Concentrations 4.94 3.23 3.24 0.21 0.31 0.46
Interaction 8.57 5.59 5.61 0.37 0.53 0.79
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These results indicate that purine-based 
cytokinins are more suitable for inducing higher 
bud regeneration comparing to TDZ. Efficiency of 
BAP in indirect shoot organogenesis is supported 
by several recent publications on Petunia hybrida 
such as (Abu-Qaoud et al., 2010, Burbulis et al., 
2015, Fan et al., 2009, and Kaviani & Kazemi 
2017). Previous studies reported a positive effect 
of Kin on regeneration of many other plant 
species such as Salix viminalis (Grendysz et 
al., 2017), and cumin (Tawfik and Noga, 2002). 
Many other studies have reported successful 
shoot regeneration from petunia leaf explants 
when cultured on medium containing TDZ alone 
(Abu-Qaoud, 2012, Thirukkumaran et al., 2009). 
They attributed that to the effect of TDZ when 
included in the medium resulting in a balanced 
ratio of endogenous PGR that allows for specific 
modes of regeneration to take place, which is 
likely dependent on concentration as well as the 
plant species. Poor elongation of TDZ induced 
shoots has also been reported, probably due 
to its high cytokinin activity which is highly 
dependent on the concentration and duration of 
exposure to this compound (Mohamed   et al., 
1992 and Murthy et al., 1998).

Lower concentrations of cytokinin (0.2 
and 0.4 mg/l) led to the highest regeneration 
percentage (80.0 and 82.23% respectively), 
which declined with the increase in the 
concentration. Using 0.4 mg/l from any of the 
cytokinins produced the best results regarding 
number of shoots/explant (2.19), shoot length 
(3.49 cm) and leaf number (7.55). 

Concerning the interaction effect, the two 
lower concentrations (0.2 and 0.4 mg/l) of both 
Kin and TDZ recorded the highest regeneration 
percentage.  However, the increase in BAP 
concentration led to an increase in the 
regeneration% reaching the highest values  
(80%) with 0.8 mg/l which decreased when 
1.0 mg/l was used (Table 2). The lowest 
concentration of BAP (0.2 mg/l) exerted the 
best results with respect to number of shoots, 
shoot length and leaf number/shoots, whilst the 
higher concentration (0.4 mg/l) of both Kin and 
TDZ showed the best results. In consistence 
with the current experiment results BAP at a 
concentration ranging from 0.4 to 0.8 mg/l was 
reported by Burbulis et al., (2015) to induce 
the highest explant regeneration frequency in 
different cultivars of Petunia hybrida.

Effect of cytokinin type and concentration on 
axillary shoot multiplication

The regenerated adventitious shoots from 
the previous step were multiplied on MS 
medium supplemented with the same three 
types and concentrations of cytokinins (BAP, 
Kin and TDZ). Response of the cultured 
explants (microcuttings) varied in a significant 
way according to the type of cytokinin where 
BAP-amended medium exhibited the best 
results regarding multiplication capacity, 
number of shoots/explant (7.76 shoots), shoot 
length (3.95cm) and number of leaves/explant 
(24,14 leaves) (Table 3). TDZ exerted better 
results than Kin with respect to multiplication 
capacity and shoot length, whereas Kin 
induced more shoots/explants and more leaves/
explant than TDZ. Capability of TDZ to boost 
multiplication capacity has been previously 
reported by several authors on petunia (Abu-
Qaoud, 2012 and Thirukkumaran et al., 2009) 
as well as many other plant species (Corredoira 
et al., 2008, and Sanikhani et al., 2006). 
However, the shoots induced by TDZ are short 
as has been reported in some plant species 
such as beans (Mohamed  et al., 1992) and 
apple (Van Nieuwkerk et al.,1986). Inhibition 
of shoot elongation could be attributed to its 
high cytokinin concentrations (Huetteman & 
Preece, 1993 and Mohamed et al., 1992). 

Multiplication capacity as well as number 
of shoots formed and their characteristics on 
cytokinin-free medium (control) were significantly 
improved when shoots were cultured on cytokinin 
enriched medium (Table 3). This effect reached its 
peak at the lowest concentration (0.2 mg/l) which 
significantly declined as the concentration was 
increased reaching the lowest valued when the 
highest concentration was used. On the contrary, 
increasing the concentration of the cytokinins 
led to significantly higher callogenesis as well as 
hyperhydricity percentage. 

The interaction between cytokinin type and 
concentration showed a significant variation in all 
characteristics except the multiplication capacity. 
Using BAP (0.2 mg/l) or TDZ (0.2 or 04 mg/l) 
induced the highest multiplication capacity (90%). 
Furthermore, BAP at 0.2 mg/l was far superior to 
all other treatments attaining the highest number 
of shoots/explant (14.50), the longest shoot (5 
cm) and the highest number of leaves per explant 
(46.07).  
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TABLE 3. Effect of cytokinin type and concentration on multiplication of regenerated shoots of Petunia hybrid 
after 4 weeks in culture.

Treatments Parameters

Cytokinin 
type

Concentrations
mg/l

Multipl-
ication 

capacity
% 

Explantsforming 
callus %

Hyper-
hydricity 

%

Shoot 
number/ 
explant

Shoot 
length 

cm

Leaf 
number/ 
explant

BAP 0.0 73.30 20.00 30.00 1.00 3.67 3.17

0.2 90.00 30.00 40.00 14.50 5.00 46.07

0.4 86.67 30.00 46.70 12.70 4.70 37.94

0.6 80.00 40.00 50.00 9.83 3.90 28.83

0.8 70.00 53.33 53.30 5.50 3.50 18.00

1.0 63.30 60.00 53.30 3.00 2.90 10.83

mean 77.21 38.89 45.55 7.76 3.95 24.14

TDZ 0.0 73.30 20.00 30.00 1.00 3.67 3.17

0.2 90.00 40.00 40.00 7.00 3.82 19.67

0.4 90.00 33.33 50.00 7.77 4.07 21.33

0.6 80.00 43.33 53.30 3.70 3.75 12.17

0.8 70.00 56.67 60.00 3.33 3.62 10.00

1.0 53.30 60.00 56.70 1.83 2.32 3.50

mean 76.10 42.22 48.33 4.11 3.54 11.64

Kin 0.0 73.33 20.00 30.00 1.00 3.67 3.17

0.2 83.33 36.70 20.00 6.00 3.77 20.33

0.4 86.67 53.30 23.30 6.83 3.80 23.67

0.6 70.00 56.70 40.00 5.67 2.85 20.00

0.8 53.33 66.70 53.30 4.67 2.23 14.33

1.0 50.00 70.00 46.70 2.33 1.93 8.70

mean 69.44 50.57 35.55 4.42 3.04 15.03

means of Concentrations

0.0 73.31 20.00 30.00 1.00 3.67 3.17

0.2 87.78 35.57 33.33 9.17 4.20 28.69

0.4 87.78 38.88 40.00 9.10 4.19 27.65

0.6 76.67 46.68 47.77 6.40 3.50 20.33

0.8 64.44 58.90 55.53 4.50 3.12 14.11

1.0 55.53 63.33 52.23 2.39 2.38 7.68

LSD 0.05

Cytokinins 4.24 2.65 2.65 0.35 0.13 1.26

Conc. 5.99 3.75 3.74 0.49 0.18 1.78

Interaction NS 6.50 6.48 0.85 0.32 3.09

*NS denotes non-significant differences using ANOVA (P˂0.05).
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TABLE 4. Effect of repeated subculturing and cytokinins on axillary shoot multiplication of regenerated shoots of 
Petunia hybrid after 3 weeks in culture.

Treatments Parameters

Subculture
passage

Cytokinin 
(mg/l)

Multipl-
ication 

capacity
% 

Explants 
forming 
callus %

Hyper-
hydricity 

%

Shoot 
number/ 
explant

Shoot 
length 

cm

Leaf 
number/ 
explant

First BAP (0.2) 90.00 30.00 43.30 9.50 5.40 30.33

TDZ (0.4) 90.00 40.00 30.00 8.20 4.93 20.70

Kin  (0.4) 93.30 43.30 36.70 7.33 3.67 21.00

mean 91.10 37.77 36.67 8.34 4.67 24.01

Second BAP (0.2) 96.70 10.00 30.00 11.00 5.51 36.7

TDZ (0.4) 100.00 26.70 33.30 9.33 4.50 27.00

Kin  (0.4) 93.30 20.00 36.70 7.33 4.10 24.30

mean 96.67 18.90 33.33 9.22 4.70 29.33

Third BAP (0.2) 93.33 0.00 20.00 14.00 6.52 39.70

TDZ (0.4) 93.33 0.00 20.00 10.33 5.22 26.00

Kin  (0.4) 100.00 0.00 33.30 7.50 4.33 24.33

mean 95.55 0.00 24.43 10.61 5.36 30.01

Fourth BAP (0.2) 90.00 0.00 10.00 10.83 5.15 25.00

TDZ (0.4) 86.70 0.00 23.33 8.67 4.10 19.00

Kin  (0.4) 83.30 0.00 20.00 6.50 3.82 10.00

mean 86.67 0.00 17.78 8.67 4.36 18.00

means of Cytokinin (mg/l)

BAP (0.2) 92.51 10.00 25.83 11.33 5.65 32.93

TDZ (0.4) 92.51 16.68 26.66 9.13 4.69 23.18

Kin  (0.4) 92.48 15.83 31.68 7.17 3.98 19.91

LSD 0.05

Subculture 5.32 3.14 5.87 1.03 0.32 2.48

Cytokinin NS 2.04 3.23 0.93 0.15 2.50

Interaction NS 4.10 6.45 1.87 0.29 NS*

*NS denotes non-significant differences using ANOVA (P˂0.05).

Effect of repeated subculturing and cytokinins on 
axillary shoot multiplication 

Repeated subculturing showed significant 
effects on multiplication capacity, number of 
shoots/explant, shoot length and number of leaves 
per explant. Comparing to the first subculture, all 
the recorded characteristics showed a significant 
improvement in the second and the third 
subcultures, then a significant reduction was clear 
in the fourth subculture (Table 4). 

The three cytokinin treatments tested 
showed non-significant differences regarding 
multiplication capacity. In accordance with the 
results recorded in the previous experiment, 
it is clear that BAP exerted the best results 
concerning number of shoots/explant (11.33), 
shoot length (5.65 cm) and number of leaves/
explant (32.93) followed by TDZ then Kin, 
respectively (Table 4). 
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The least incidence of callogenesis and 
hyperhydricity was observed in the explants 
cultured on BAP-supplemented medium in the 
four subcultures. During the third subculture, 
BAP-supplemented medium also induced the 
highest number of shoots per explants (14.00), 
the longest shoots (6.52) and the highest number 
of leaves explant (39.7), this combined treatment 
was followed by the same medium in the second 
subculture. 

In accordance with our results, several 
previous investigations have reported an initial 
increase in the number of shoots per explant 
with each subculture which decreased later after 
several subcultures of Gladiolus hybridus (Aftab 
et al., 2008), Vitex negundo  (Rani and Nair, 2006) 
and Euphorbia tirucalli (Uchida et al., 2004). 

Effect of basal salt strength and sucrose 
concentrations on axillary shoot multiplication 

Strength of MS basal salt, showed significant 
effect during the multiplication stage of Petunia 
hybrida. In all the previous experiments 
conducted in this study, full strength MS basal 
salts was employed. To test the possibility of 
using lower strength, and accordingly lower 
cost, without a significant adverse effect on 
multiplication performance, different strengths of 
MS (full, ¾, ½ and ¼ strength) were compared. 
Lowering the strength led to a significant 
reduction in the hyperhydricity percentage from 
37.77 in full MS to 6.67 in ¼ MS which means 
a significant advantage during the multiplication 
stage. Nevertheless, lowering basal salt strength 
caused a significant reduction in number of shoots 
and leaves and shoot length. This indicating 
that increasing basal salt strength is essential 
for improving multiplication performance of 
petunia. Consistent to these results, Villamor 
(2010) demonstrated that the full strength medium 
induced the highest number of shoots of in vitro-
grown Zingiber officinalis while decreasing the 
medium strength led to a significant decline in 
number of shoots.

On the other hand, when sucrose concentration 
was increased, hyperhydricity and shoot length 
were decreased while number of shoots and leaves 
were significantly increased. This indicates that high 
sucrose concentration is needed in the multiplication 
medium of Petunia hybrida. Several previous reports 
have mentioned the difference between species, in 
the optimum concentration of sucrose required to 
induce morphogenesis or growth (George et al., 

2008, Tawfik, et al., 2018 and Tawfik, 1995). In his 
experiment on petunia, Raquin (1983) stated that, 
culture medium must contain a metabolizable sugar 
to allow the growth of petunia explant. This is clearly 
because of the carbohydrate supply required by 
plant cell, tissue and organ cultures in order to satisfy 
energy demands (de Paiva Neto and Otoni, 2003). 
Although the best morphogenic response under the 
current experiment conditions was induced using the 
highest levels of sucrose, a reduction in shoot length 
was recorded. This could imply that using higher 
concentrations of sucrose than 40 g/l (the highest 
concentrations employed) might cause adverse 
influence on multiplication which could be attributed 
to the excessive osmotic contribution or by toxicity 
of the carbohydrate occurred at high concentrations 
(de Paiva Neto and Otoni, 2003). In agreement with 
the results obtained under the current experiment’s 
conditions, (Zimmerman and Cobb, 1989) stated 
that increased sucrose concentrations promoted 
hyperhydricity in tissue cultures of petunia.

The interaction between the strength of basal 
salt and the concentration of sucrose exerted 
significant variation. Using ¼ MS with 30 or 40 
g/l sucrose or ½ MS with 40 g/l sucrose exhibited 
no hyperhydricity. Meanwhile, employing the 
highest basal salt strength (Full MS) with the 
highest concentration of sucrose (40 g/l) boosted 
multiplication performance recording the highest 
number of shoots per explant (12.00) and number 
of leaves per shoot (32.70), with no significant 
differences. Using ¾ MS with 30 g/l sucrose 
produced the longest shoots (4.63) (Tables 5 and 
6). The mutual effect between the concentration 
of both sucrose and the basal medium has been 
previously discussed by several authors. Using 
culture media with inorganic salts in different 
concentrations results in a considerable alteration 
of the osmotic potential of the culture medium. 
Previous reports indicated that sucrose is 
hydrolyzed after autoclaving the medium (Pan 
and Van Staden, 1999, Schenk et al., 1991). 
Investigating what happens during autoclaving 
MS salts solution, they recorded a reduction 
of pH as a consequence of the ionization of the 
salts causing sucrose hydrolysis. These results 
confirm the interaction between the concentration 
of basal medium and sucrose (de Paiva Neto and 
Otoni, 2003). It was also noticed that increasing 
the sucrose concentration in the medium lead to 
elevating respiration rate of the plant tissues thus 
increasing the uptake of inorganic ions (George 
et al., 2008).
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TABLE 5. Effect of MS basal salt strength and sucrose concentration on Hyperhydricity % and shoot number/
explant during multiplication stage of Petunia hybrid after 3 weeks in culture.

Sucrose 
MS                       g/l
medium 
strength          

Hyperhydricity % Shoot number/explant

20 30 40 mean 20 30 40 mean

Full 50.00 43.30 20.00 37.77 8.33 11.00 12.00 10.44

¾ 50.00 36.70 20.00 35.57 7.00 9.50 10.00 8.83

½ 43.30 20.00 0.00 21.10 5.00 7.00 7.00 6.33

¼ 20.00 0.00 0.00 6.67 2.70 3.30 3.00 3.00

mean 40.83 25.00 10.00 5.76 7.70 8.00

LSD 0.05

MS strength 3.97 1.04

Sucrose 3.44 0.90

Interaction 6.88 NS*

*NS denotes non-significant differences using ANOVA (P˂0.05).

TABLE 6. Effect of MS basal salt strength and sucrose concentration on shoot length and leaf number during 
multiplication stage of Petunia hybrid after 3 weeks in culture.

Sucrose 
MS                       g/l
medium 
strength          

Shoot length (cm) Leaf number/shoot

20 30 40 mean 20 30 40 mean
Full 4.9 4.33 4.12 4.45 25 28 32.7 28.57

¾ 5.20 4.63 4.60 4.81 24 28 30 27.33

½ 4.13 3.8 3.6 3.84 19 23 21.3 21.1

¼ 2.8 3.5 3.3 3.20 11 12 12 11.67

mean 4.26 4.07 3.91 19.75 22.75 24

LSD 0.05

MS strength 0.19 2.55

Sucrose 0.16 2,21

Interaction 0.32 NS*

*NS denotes non-significant differences using ANOVA (P˂0.05).

Rooting of microshoots
Rooting percentage, number of roots and root 

length increased when MS strength was reduced 
from full to ½ strength recording the highest 
results (86.68%, 7.68 roots/shoot and 9.88 cm, 
respectively). These values were significantly 
reduced when ¼ MS strength was used reaching 
even significantly lower results than those induced 

by full MS (Tables 7 and 8). The enhancement 
in rooting behavior observed when MS strength 
was reduced from full to ½ could be interpreted 
according to the fact that high salt levels are 
frequently inhibitory to root initiation. This is 
why media known with small osmotic potential 
are favorable for root induction and growth under 
in vitro conditions (George et al., 2008).



TABLE 7. Effect of MS basal salt strength and sucrose concentration on in vitro rooting percentage of Petunia 
hybrid after 3 weeks in culture.

Sucrose 
MS                       g/l
medium 
strength          

Rooting %

15 20 25 30 mean
Full 100.00 90.00 70.00 70.00 82.50

½ 100.00 96.70 80.00 70.00 86.68

¼ 43.30 50.00 40.00 30.00 40.83

mean 81.10 78.90 63.33 56.67

LSD 0.05

MS strength 6.28

Sucrose 7.25

Interaction NS*

*NS denotes non-significant differences using ANOVA (P˂0.05).

TABLE 8. Effect of MS basal salt strength and sucrose concentration on root number and root length of Petunia 
hybrid after 3 weeks in culture.

Sucrose 
MS                  g/l
medium 
strength          

Root number/shoot Root length (cm)

15 20 25 30 mean 15 20 25 30 mean
Full 7.20 6.50 6.20 5.50 6.35 9.50 7.50 7.00 6.50 7.63

½ 8.33 8.00 7.50 6.90 7.68 12.03 11.33 9.50 6.67 9.88

¼ 3.00 3.20 2.70 2.60 2.88 3.60 3.40 3.40 2.90 3.33

mean 6.18 5.90 5.47 5.00 8.38 7.41 6.63 5.36

LSD 0.05

MS strength 0.48 0.65

Sucrose 0.55 0.75

Interaction NS* 1.29

*NS denotes non-significant differences using ANOVA (P˂0.05).

Various concentrations of sucrose significantly 
influenced rooting of petunia microshoots. 
Lowering sucrose concertation favored rooting 
and promoted roots characteristics. The lowest 
concentration (15g/l) resulted in the highest 
rooting percentage (81.10%), number of roots 
per shoot (6.18) and the longest root (8.38 cm) 
comparing to the other sucrose concentrations. 
Rooting was negatively affected by the increase 
in sucrose concentration. The level of sucrose 
in the medium may have a direct effect on 
the type of morphogenesis. Previous reports 
have recorded inhibition in root formation as a 
result of excessive sugar concentration in the 
medium (Nhut et al., 2001 in Lilium longiflorum, 
Premkumar et al., 2003 in avocado) and the 

majority of investigations reported the impact of 
sucrose at 2% (Premkumar et al., 2003, Tawfik, 
1995). However, sucrose has been reported in the 
media for root formation at high concentrations 
(Tawfik et al., 2018). They stated that the medium 
with pH at 5.5 supplemented with 50 g/l sucrose 
produced the highest significant value of rooting 
(85%) and enhanced root formation in 7.5 days of 
Rosa spp. cv. Eiffel Tower. 

The interaction between basal salt strength 
and sucrose concentration exhibited significant 
variation only in root length. Applying sucrose 
at the lowest concentration (15 g/l) with full or 
½ MS produced the highest rooting percentage 
(100%). The same sucrose concentration with ½ 



TABLE 9. Effect of growing medium on acclimatization of regenerated plantlets of Petunia hybrid after 4 weeks 
of transplanting.

Growing
Media

Parameters

Survival % Shoots length (cm) 
Clay 89.00 8.80
Peat moss + perlite (1:1) 44.33 4.23
Peat moss + vermiculite + perlite  (1:1:1) 67.00 5.80

LSD 0.05 31.60 1.60

MS induced the highest number of roots/shoot 
(8.33) and the longest roots (12.03 cm). These 
results were followed by 20 g/l sucrose with ½ 
MS strength.  These results confirm previous 
findings reported by Harris and Stevenson (1979) 
on grapevine.. The benefit of low salt levels for 
root initiation may be due more to the need for a 
low nitrogen level, than for an increased osmotic 
potential (George et al., 2008). 

Acclimatization of in vitro raised plantlets
High survival rate during the acclimatization 

stage is crucial for a successful micropropagation 
protocol. Selecting a proper growing medium 
helps achieving good results. Among the three 
mixtures of growing media tested in the current 

experiment, clay recorded the highest survival 
rate (89 %) and the longest shoots (8.80 cm) as 
shown in Table 9 and Fig 1-H. This was followed 
by the plantlets transferred to a mixture of equal 
parts from peatmoss, vermiculite and perlite 
recording 67% survival rate and 5.80 cm shoot 
length. When vermiculite was excluded from 
the previous mixture, the survival rate was 
significantly declined reaching 44.33%, and 
shoot length reached 4.23 cm. These results 
suggests the use of the low cost and readily 
available clay medium as a proper medium 
for acclimatization and field establishment 
of petunia plants (Fig 1- I) produced through 
micropropagation technique. 

Conclusion                                                                     

Leaf explant culture of petunia hybrida from 
in vitro grown seedling were established. The best 
medium for callus induction was MS medium 
supplemented with 0.5 mg/l BAP plus 0.1 mg/l 
NAA. MS medium plus 0.2 mg/l BAP induced 
the highest multiplication rate. Three passage of 
subculture gave the highest number of shoots.  
Full strength MS medium with 40 g/l sucrose 
boosted multiplication performance. Highest 
rooting percentage was achieved on half strength 
MS medium with 15 g/l sucrose. Rooted shoots 
showed the best survival when acclimatized on 
clay soil media with survival rate of 89%.
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تحسين التكشف غيرالمباشر والتضاعف العددى للأفرع الخضريه فى البيتونيا هيبريدا
عزة عبد العزيز توفيق ، عمر حسني محمد إبراهيم و منى أحمد أحمد طه

قسم نباتات الزينة وتنسيق الحدائق - كلية الزراعة - جامعة أسيوط -  مصر.

أجريت عدد من التجارب بهدف تحسين المراحل المختلفة وتشمل انتاج الكالس وانتاج الفروع وتضاعف الفروع 
الناتجة وتجذير واقلمة البيتونيا هيبريدا. وقد تم إنتاج الكالس بزراعه الأوراق - الناتجه من زراعه البذور داخل 
انابيب - على بيئه موراشيج وسكوج مضاف اليها البنزيل امينو بيورين بتركيز )0 -0.25  -0.5 -1 ( ملجم /لتر 
مع النفثالين اسيتك اسد بتركيز 0.1 ملجم /لتر. أشارت النتائج إلى أن البيئة المحتوية على البنزيل امينوبيورين  
بتركيز 0.5 ملليجرام / لتر مع نفثالين حمض الخليك بتركيز 0.1 مليجرام /لتر اعطت افضل نسبة استجابة 
لنشوء الكالس من الاوراق )40 %(. وقد تم نقل الكالس على بيئه لإنتاج الفروع ودراسه تأثير ثلاث انواع من 
السيتوكينينات وهى ) البنزيل امينو بيورين – الثيديازيرون والكينتين ( بتركيزات ) 0 - 0.2 – 0.4 - 0.6 – 
0.8 -1 ( ملجم / لترعلى تكوين و معدل تضاعف الافرع. وقد أشارت النتائج إلى أن أعلى نسبه تضاعف )%90( 
تم الحصول عليها بإستخدام البنزيل امينوبيورين بتركيز 0.2 ملجم / لتر أوالثياديزرون  بتركيز 0.2 او 0.4  
مليجم /لتر. ولدراسة تاثير قوة البيئة وتركيز السكروز فقد استخدمت اربع تركيزات من بيئة موراشيج وسكوج 
وهى )كاملة التركيز- ثلاث ارباع التركيز - نصف التركيز - وربع التركيز( مع ثلاث تركيزات من السكروز 
وهى )20 – 30- 40 جرام /لتر(.وكانت أفضل النتائج لتضاعف الفروع من البيئه كامله التركيز والمضاف 
لها أعلى تركيز من السكروز)40 جرام/لتر(. إلا أن أفضل النتائج للتجذير فكانت عند زراعه الفروع على بيئة 
موراشيج وسكوج نصف التركيزاو كاملة القوى المضاف اليها السكروز بتركيز 15 جرام / لتر. حيث أعطى 
إستخدام تلك البيئه 100%تجذير وأعلى عدد للجذور للفرع )8.33 ( وأطول جذور )12.03سم(. وقد تم أقلمه 

النباتات الناتجه بنجاح فى خليط من البيئات كان أفضلها بيئه الطمى التى أعطت نسبه بقاء )%89(.


