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Abstract

Roses are one of the most beautiful flowers in
the world and have a wide variety of uses. The
number of rose cultivars in the world is
increasing. With the scientific name Rosa
hybrida L., hybrid Rose belongs to the
Rosaceae family. This plant is an important
ornamental and commercial plant in the
flower industry, cut flowers, and medicine
and perfumery industries. Due to the
limitations of propagation by cuttings and
other propagation methods of this species,
determining the optimal conditions for hybrid
rose propagation through tissue culture seems
necessary to reduce its propagation costs. For
this purpose, a small stem sample containing
lateral buds was used for callus formation of
hybrid roses. Micro-disinfected samples in
MS culture medium containing growth
regulators including 6-benzyl amino purine
(BAP) with concentrations of 0, 1, 2 and 3
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mg/L and naphthalene acetic acid (NAA) at
concentrations of 0, 0.1, 0.5 and 1 mg/L were
cultured. The experiment was performed as
factorial in a completely randomized design
with three replications, each of which
consisted of 5 micro-samples. The results
showed that the highest degree of callus
formation was observed in treatments
containing micro-samples of hybrid roses at a
concentration of 0.5 mg/L NAA and 2 mg/L
BAP.

Keywords: Hybrid Rose, Callus Formation,
In Vitro Culture.

Introduction

The genus of roses includes hundreds of
species and thousands of cultivars, of which
roses are undoubtedly one of the most
important economic and ornamental plants.
Billions of rose bushes are planted in gardens
or vases and sold all over the world. A
number of species are also used in the
perfume and pharmaceutical industries
(Olgunsoy et al., 2017). The hybrid rose with
the scientific name of Rosa hybrida L.
belongs to the Rosaceae family. There are
Roses in many forms: bush, shrub, creeping,
and deciduous or non-deciduous, and vary
greatly in size, shape, aroma, and color of
flower (Horn, 1992). These plants have been
modified to produce flowering shrubs, garden
roses, cut flowers, potted plants, and
perfumes (Short and Roberts, 1991). In the
world, the total area under cultivation of cut
and potted roses is estimated at more than
16,000 hectares and in the outdoor is more
than 3,000 hectares (Brichet, 2003).
Propagation of rose species or cultivars is
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traditionally done by seed, cuttings, bud or
branch transplantation. In seed propagation,
the plants produced may not be the same as
the mother plant, and vegetative growth is
very slow and time consuming. In the method
of propagation by cuttings or grafting, there is
a limitation of the mother base. In vitro
cultivation of roses is one of the methods of
producing new cultivars, the advantage of
which is the elimination of the use of different
rootstocks for different soil conditions, the
use of cultivars compatible with different
environmental conditions, rapid increase of
cultivars and superior rose rootstocks,
production of plants without disease and
accelerate remedial programs (Olgunsoy et
al. 2017). Today, the use of new tissue culture
techniques for these plants is very important
(Gremiaux et al., 2016). So far, this technique
has been used to propagate a large number of
ornamental plants (Nunes et al., 2018).
Micropropagation seedlings are suitable for
the production of cut flowers and more and
better branching, and in some cases their
flowering performance is higher. On the other
hand, dwarf tissue culture roses, as potted
plants, have higher growth rate, earlier
flowering and shorter branches with more
lateral branches than propagating plants
obtained from traditional methods (Pati et al.,
2006). Today, a large number of rose
cultivars in the world have been improved
and their number is increasing (Mostashar et
al., 1398). In vitro culture of hybrid roses has
been the subject of numerous studies such as
lateral bud, stem tip, petiole, leaf, anther,
petal and embryo culture. In 2006, a study
was conducted on callus formation of rose
hybrid petals. The best callus treatment was
reported at 2 mg/L 2,4-D and 1 mg/L BAP
(Khosh-Khui and Teixeira da Silva, 2006). In
another study, callus production from hybrid
rose petals was performed in MS medium
containing 0.5 mg/L BAP and 1 mg/L NAA
(Tarrahi and Rezanejad, 2013). In a study on
callus formation of hybrid roses, the results
showed that hybrid rose leaf explant on
medium with low concentrations of NAA and
2,4-D (0.1 mg/L), induced low levels of
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induction of calluses and high concentrations
of NAA + Kin hormone for producing bulky
calluses (Kim et al., 2003). In another study
on rose micropropagation (Rosa Hybrida var.
Maurossia) through leaf microsamples, the
results showed that the use of BAP hormone
with NAA increased callus formation and
indirect organogenesis. So that the highest
percentage was at a concentration of 0.8 mg/L
NAA and 2 mg/L BAP (Amin Salehi et al.,
1398). In the study of regeneration of seven-
color miniature roses in lateral bud culture,
among 38 hormonal treatments in MS
medium and 16 hormonal treatments in B5
medium containing 2 and 3 mg/L of 2,4-D
hormone and 0.5 mg/L of NAA hormone in
MS medium and medium containing 5 mg/L
of 2,4-D hormone and also medium
containing 0.5 mg/L of 2,4-D hormone, 2.5
mg/L of NAA hormone and 0.5 mg/L of
Kinetin hormone in B5 medium were the best
medium for callus production that had no
statistically significant differences (Vishlaghi
et al., 2010). Other studies have been
performed on callus formation of other rose
species. In a study, Mahdavi Mashki et al.
(2014) cultivated Rosa damascena anthers.
The results showed that in Kashan ecotype,
replacement of calcium nitrate  with
ammonium  nitrate  increased  callus
formation. In rose, amino acids played an
important role in the percentage of callus
production of anther (Mahdavi Mashaki et al.,
2014). In another study, callus production in
Rosa gallica from vegetative explant
including petioles, leaves and stems was
examined. The results showed that
concentrations of 2-3 mg/L 2,4-D and 1 mg/L
BAP were optimal for stimulating callus
production in different explants and GA3
reduced callus production (Reza Nejad and
Tarrahi, 2013). Most reports have shown that
the use of auxin has been effective in the
production of calluses from in vitro leaves.
These reports report the use of various
concentrations of 2,4-D hormone in callus
production (Hsia et al., 1996; Zakizadeh et
al., 2008). The results of various experiments
on embryo production show that the use of



BAP hormone along with NAA hormone has
been effective in the production of
embryogenic callus (Firoozabady et al.,
1994). Despite commercial applications,
these studies are very limited because very
contradictory results and low propagation
rates have been obtained in many important
rose cultivars (Carelli and Echeverrigaray,
2002). Also, there are large differences in the
type and concentration of plant growth
regulators, culture medium and different
concentrations of nutrients in rose species
(Pati et al. 2006). For these reasons, despite
studies performed, new studies are being
conducted on the rose species. Accordingly,
callus formation in hybrid roses was
investigated using growth regulators in vitro
medium.

Research Methods

Selecting microsample and disinfection

To achieve a suitable hormonal treatment for
callus formation, first the hybrid rose
branches with a length of 15-12 cm were
separated from the mother plant and its extra
leaves were removed. Then, from the middle
part, the stems were cut into 2-3 cm pieces
containing at least one lateral bud and washed
under running water with a few drops of
dishwashing liquid for 30 minutes. The
microsample containing the lateral buds
under the airflow laminar were first
disinfected with 25% sodium hypochlorite
solution for 20 minutes and then with 70%
alcohol for 30 seconds and finally washed
thoroughly with sterilized distilled water in
three phases.

Deployment phase

Each of the disinfected microsamples in MS
base medium containing growth regulators of
NAA at concentrations of 0, 0.1, 0.5 and 1
mg/L in combination with BAP with
concentrations of 0, 1, 2 and 3 mg/L were
cultured. 20 days after planting, the number
of callus formation in each treatment was
evaluated based on the total number of
cultured microsamples.

Cultivation conditions

To the MS medium was added 30 g/L sucrose
as a carbon source, 7 g/L agar. The pH of the
culture medium was adjusted to 5.8 before
adding agar. The culture medium in the
autoclave was disinfected at 121 ° C with a
pressure of 1.2 kPa for 20 minutes. In each
replication, 5 micro-hybrid rose specimens
were cultured in 400 cc jars containing 25-30
ml of culture medium. All cultures were kept
in the growth room under 25+2° C and in the
photoperiod for 16 hours of light and 8 hours
of darkness.

Data analysis

The data obtained in factorial experiment
were analyzed in a completely randomized
design with three replications in each
treatment. Statistical analysis of the design
was performed using SAS software. The
averages were compared using Duncan's
multiple range test with a probability level of
5%.

Findings

Comparison of averages based on Duncan
test showed that there was a significant
difference  between different hormonal
treatments at the level of 0.01 in the amount
of callus formation (Table 1).

Table 1- Analysis of variance of the effect of different hormonal treatments on callus
induction in hybrid roses

The average of
squares of MS

Callus formation

The degree of
freedom of DF

15.9652**
3.5763**
5.4652**

Sources of changes
3 BAP
3 NAA
9 BAP x NAA
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** and * indicate a statistically significant The presence of low concentrations and even

difference in the probability level of 1%, 5% the absence of NAA hormone along with high

respectively and ns is non-significant. concentrations of BAP increased callus
formation in the microsample (Table 2).

Table 2- Comparison of the average number of callus formation in different hormonal

treatments
Plant growth regulators (mg/L) The number of calluses
BAP NAA

0 0 Oi

1 0 3c

2 0 2.33d

3 0 2.33d

0 0.1 0i

1 0.1 2.33d

2 0.1 3.66b

3 0.1 1.33f

0 0.5 0.66h

1 0.5 3.66b

2 0.5 5a

3 0.5 1g

0 1 2e

1 1 3c

2 1 Oi

3 1 Oi
The same letters in each column have no The highest callus formation was observed in
significant difference at the 5% level based on the treatments containing the concentration of
Duncan's test. 0.5 mg/L of NAA hormone (Diagram 1).
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Diagram 1- Effect of different concentrations of plant growth regulators on the average
number of calluses
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Increasing the concentration of BAP hormone microsamples (Figure 1). Lack of BAP
to 3 mg/L reduced callus formation in the hormone in low NAA treatments significantly
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reduced callus formation, but the presence of
BAP hormone concentration alone caused
callus formation. Increasing the concentration
of NAA and BAP hormones in the treatments
caused a significant decrease in the amount of
callus formation in the microsamples. The
highest callus formation was observed in the
treatments containing microsamples at a

concentration of 0.5 mg/L NAA and 2 mg/L
BAP (Figure 2). The results of this

experiment showed that the absence of NAA
hormone caused callus production on its own,
but its small amount in the presence of BAP
increased bulk of callus.

Figure 1- Callus formed hybrid rose microsamples in treatments containing high
concentrations of BAP and NAA

Figure 2 - Callus formation in treatments containing hybrid rose microsamples at a
concentration of 0.5 mg/L of NAA and 2 mg/L of BAP

Discussion and conclusion

In this experiment, callus formation in Rosa
hybrida L. was investigated using BAP
hormonal treatments in combination with
NAA in MS culture medium. Studies have
shown that in the Rosaceae family, genotype
plays an important role in how surface
disinfectants effects. In one study, the effect
of disinfectants on hybrid rose microsamples
for callus formation and regeneration was
investigated. The results showed that the use
of alcohol with sodium hypochlorite had a
positive effect on the elimination of
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pathogens (Amin Salehi et al., 2016). For this
reason, these materials were used to disinfect
the microsamples in this experiment. In a
number of studies on roses, such as the
present study, MS base culture medium has
been identified as a suitable base medium for
propagation, which it depends on genotype
(Asareh et al., 2006). In addition to the base
medium, the effect of growth regulators on
callus  formation of microsample is
undeniable. Growth regulator of benzyl
adenine (BAP) in low concentrations in some
rose cultivars has stimulated callus formation



of lateral buds and in others has been
ineffective. Our results are consistent with the
results of Amin Salehi et al. (1398) in the use
of BAP hormone in callus formation of roses.
In this study, the highest percentage of callus
formation was related to the concentration of
2 mg/L BAP that its increasing has decreased
the percentage of callus. It seems that the high
use of BAP in this plant has inhibitory effects
on callus formation of buds. The use of low
concentrations of auxin hormones (2,4-D,
NAA, IAA, and IBA) alone or in combination
with cytokinin has been reported to be
successful in callus production in many rose
genotypes (Rout et al., 1991; Van der salm et
al., 1996; Murali et al., 1996; Kintzios et al.,
1999; Dohm et al., 2001; Hsia et al., 1996 and
Noriega et al., 1991) which the results are
exactly in line with the research conducted in
this study. In this study, the highest
percentage of callus formation was observed
at a concentration of 0.5 mg/L of NAA. Other
studies, such as the present study, have
identified the effect of low levels of auxin
(NAA) along with cytokinin (BAP) on callus
formation in roses. Amin Salehi et al. (2017)
in the study of hybrid roses of Mascara
cultivar observed the highest amount of callus
formation in the treatment of 2 mg/L of BAP
and 0.4 mg/L of NAA. In another study,
among the Rosa indica nodes on modified MS
medium with different concentrations of IBA
and NAA, they obtained callus (Memon et al.,
2001). In this study, calluses were obtained in
the same base medium but with different
hormones (NAA with BAP). In another
study, Rosa hybrida leaf extracts on callus
with low concentration of NAA and 2,4-D
(0.1 mg/L) induced callus in small amounts
and high concentration of these hormones
produced bulky calluses ( Kim et al., 2003).
This study was contrary to the present results
because in this study, NAA hormone was
used alone, but in the present study, NAA
hormone was used with BAP hormone to
induce callus formation. Similar results were
obtained in the study of somatic embryo
production in hybrid roses (Pirniakan et al.,

137

2014). During another study on the micro
samples of Rose Galika, Reza Nejad and
Tarrahi (2013) using concentrations of 2-3
mg/L of 2,4-D and 1 mg/L of BAP, stimulated
callus formation on different extracts of this
plant. In general, not much data is available
on callus formation in hybrid roses, and due
to inconsistent data on callus formation in this
plant, this experiment was performed to
optimize callus formation in hybrid roses.
Based on the results, callus formation in
hybrid roses is affected by growth regulators
and the optimal use of this factor in callus
formation to regenerate and use somaclone
diversity is essential.
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