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Abstract: In order to investigate the possibility for in in vitro fast regeneration of
Dianthus caryophyllus, different concentrations of Kinetin (Kin), 2,4-Dichlorophenoxy
Acetic Acid (2,4-D) had been tested for induction of callus by leaves and stems explant
using Murashige and Skoog (MS) medium. After two months in culture, response callus
in the induction rate, fresh and dry weight, texture and color were evaluated. MS
medium that contained 4.5 mg.L? 2, 4-D was suitable for callus induction with leaf
explants. The combination of 0.4 mg.L™? Kin and 2.0 mg.L™? 2, 4-D also demonstrated a
wonderful induction of callus on stem explants. In addition to the culture medium
complemented by Kin and 2, 4-D, the influence of Zeatin at various concentrations (0.0,
0.4, 0.8 or 1.0 mg.L?) was assessed. In MS medium that contained 0.4 mg.L™? Kin+ 2.0
mg.L? 2,4-D+ 1.0 mg.L™ Zeatin, rapid callus induction and also more callus proliferation
from stem explants were detected. Results indicate on callus induction that, Zeatin was
more successful than Kin or 2, 4-D, but other combinations directly developed a shoot.
Callus obtained from stems explant was friable, white and yellow, while callus from leaf
explants was green.
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Introduction

Dianthus caryophyllus, is a common name
carnation that is a member of the
Caryophyllaceae family, developed about
2,000 years ago, raised in many areas of the
world and assumed to be a Mediterranean
native. Carnation is one of the foremost
common commercial flowers, ranking beside
Roses in grandeur. D. caryophyllus is a
perennial herbaceous plant with a length of
up to 80 cm. The leaves are greyish to blue-
green, soft, up to 15 cm in length (Madhuri &
Barad, 2018). The stems are woody at the
root, with herbaceous Dbranches. D.
caryophyllus is a medicinal value. These have
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largely become used in the treatment of
stomach aches and teeth, in the treatment of
wounds such as cardiovascular, cardiac,
alexi- and vermifugal diseases. Traditionally,
medicines are used to cure injury in China,
Japan and Korea, gastrointestinal conditions,
and various other diseases (Chandra et al.,
2016). D. caryophyllus contains a variety of
secondary metabolites such as alkaloids,

triterpenes, coumarins, phenolic  acids,
anthocyanins, essential oil, pelargonidin,
isosalipurposide, volatile oil and other
chemical compounds; that benefit

Pharmaceuticals in various diseases such as
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anti-cancer, anti-viral, anti-microbial,
antifungal, insecticide, repulsive, antioxidant,
rheumatoid, and analgesic effects (Al-Snafi,
2017). In addition, the majority of plants
produce a small number of secondary
metabolites. In addition, other factors, such as
the excessive collection of unsustainable
agricultural practices, urbanization, pollution
and climate change, are contributing to plant
extinction. Tissue culture techniques may
therefore be an alternative method for
maintaining a sustainable supply of plant
material for the production of biologically
active compounds on a continuous basis
under industrial  controlled  conditions
(Espinosa-Leal et al., 2018; Al-Birawee &
Nasser, 2019). Plant tissue culture techniques
are used as an alternative treatment strategy
of secondary metabolites where the plant
content is insufficient or difficult to access
and the synthesis of such metabolites is low
in intact plants (Mahood et al., 2018;
Chandran et al., 2020). Callus induction is a
method for plant regeneration. Diverse
factors, for example plant growth regulators,
explants, cultivation conditions and culture
vessels, have an impact on induction
(Espinosa-Leal et al., 2018; Al-Asadi et al.,
2019).

Maurya et al. (2020) identified the best
induction of callus in Dianthus caryophyllus
with a complex combination of BAP and 2, 4-
D using nodal and leaf explants. Callus gave
effective results in the development of
somatic embryogenesis and early genetic
culture studies to improve Dianthus
caryophyllus. Jorapur et al. (2018) obtained
100% of the induction of callus from petal
explants cultivated on MS media containing a
combination of 1.5 mg.L?! 2.4-D and 0.5
mg.L? NAA. These results highlight the
importance of the characteristic of plant
growth regulators and explants for the
induction of callus. The goal of the current
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study is to analyze the impact of plant
hormones and leaf and stem explants on D.
caryophyllus callus induction.

Materials & Methods

Seeds of D. caryophyllus washed over clean
water for fifteen minutes and afterwards
transported to the air flow room cabient,
seeds disinfected with 2% NaOCI for fifteen
minutes and after wards washed with distilled
water 2 - 3 times. Sterile seeds were grown
with MS medium (Murshige & Skoog, 1962)
lacking plant hormones for germination, and
then seeds incubated at 25 + 2 ° C below 16 h
of photoperiod at a light intensity of 3000 lux
in the growth chamber. Agar was applied
after changing the pH to 5.8.

Explants (leaf and stem) obtained from
seedlings that were grown on MS medium
complemented by various concentrations of
Kin, 2,4-D and Zeatin in order to choose the
best concentrations, combinations of auxin
and cytokinin and type of explants for
callus induction. Reasonable concentrations
of each plant growth were combined to assess
the following:

A-Callus induction from leaf explants

Leaves explant harvested from seedling that
cuts into small pieces 4-5 cm in length which
were grown on MS medium complemented
by different concentrations of Kin (0.0, 0.5,
1.5, 2.5 or 3.5 mg.L?) and 2, 4-D (0.0, 1.5,
25 35 or 45 mgL?Y) as well as
combinations were assessed. Data were
reported as callus fresh and dry weights and
callus induction percentage after two months.

B-Callus Induction from stem explants

Stem explants obtained from seedlings 4-5
cm long and grown on medium MS,
complemented by varying concentrations of
Kin (1.5, 2.0, 2.5 or 3.0 mg.L!) and 2.4-D
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(0.2, 0.4, 0.6 or 0.8 mg.L™Y). Fresh weight of
callus was reported after two months.

C-Callus induction from stem explants by
using Zeatin

For the combinations of (Kin 0.4 mg.L™? +
2,4-D 2.0 mg.LY) as a control medium for
callus induction from stem explants, Zeatin
was added to the medium with additional
amounts (0.0, 0.4, 0.8, or 1.0 mg.L™ for any
form of callus medium ten replicates were
used. The automated Statistical System-SAS
(2012) was used to classify the effect of
differentiating variables on the sample
parameters.

Results & Discussion

Induction of callus from leaf explants

Fresh and dry weight results from leaf explant
that induction of callus are shown in table (1).
Although leaf explants produced a small
quantity of callus in some combinations, there
was no induction of callus in control during
the culture period. Also, the results described
in this table show that in some combination of
Kin and 2, 4-D, the percentage (%) of callus
induction was 20% after two months, while
the mean value was 90% at 4.5 mg.L? of 2,
4-D. This 2, 4-D concentration exhibited the
highest fresh weight reached 210.1mg and
3.5 mg.L? 2, 4-D, it registered 157.4 mg of
callus obtained by leaf explants, regarded to
be the maximum induction percentage (90%
and 80%). 2,4-D was more valuable than Kin
or a combination of both in the induction of
callus. The rise in auxin concentration raised
the percentage of explants showing callus
induction but decreased the callus fresh and
dry weight. Among other combinations there
have been no significant differences. All
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callus induction noted was green within
combination (Fig 1-A).

Callus induction from stem explants

During the two months of cultivation, stem
explant established callus at various
concentrations from Kin and 2, 4-D, but
response was increases after increased levels
of Kin and 2, 4-D in the medium. A mixture
of 0.2 mg.L! Kin and 2.0 mg.L! 2, 4-D
registered value 1453.6 mg fresh weight of
callus (Table 2), with a combination of 0.4
mg.L? Kin and 2.0 mg.L? 2.4-D, the stem
explant chose to respond to the highest callus
induction. This combination formed 2826.4
mg, the highest fresh weight in this culture.
Green compact callus was appeared by some
combinations, but yellow- green friable callus
observed at 0.2 mg.L? of Kin and 2.5 mg.L*
of 2,4-D (Fig: B). Stem explants were found
to be more responses to the induction of
callus than leaf explants.

Induction of callus from stem explants by
using Zeatin

Callus induction from stem explant showed a
significant difference in the mass of callus,
based on cytokinin type and concentration.
The rapid growth of callus as well as
increased production of callus was obtained
on the MS medium complemented by Zeatin.
The overall fresh weight of callus was 5314
mg at 1.0 mg.L? Zeatin relative to those
grown on the control medium containing 2.0
mg.L? 2, 4-D and 0.4 mg.L. Zeatin formed
direct shoots at 0.4 mg.L? and 0.8 mg.L™
Similar results were obtained by Shiba & MlI
(2005) who reported that in Dianththus
acicularis, treatment with Zeatin produced
high frequencies of cell division and callus
formation by protoplast explants that isolated
from the leaf.
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Table (1): Effect of Kin and 2, 4-D combination on fresh and dry weights and percentage of D.
caryophyllus leaf explants initiation callus after two months of cultivation on MS medium.

Percentage response of | Fresh Dry weight
2,4-D (mg.L") | Kinmg.L™) | |eaf explants (%) weight (mg) | (mg)

0.0 0.0 0

0.0 0.5 0

0.0 15 0

0.0 2.5 0

0.0 3.5 0 . .
1.5 0.0 30 70.5 6.3
1.5 0.5 20 40.7 4.2
1.5 1.5 0

1.5 2.5 0

1.5 3.5 0 . .
2.5 0.0 50 90.2 11.7
2.5 0.5 20 30.3 1.7
2.5 1.5 0 : :
2.5 2.5 20 83.2 9.8
2.5 3.5 0 : :
3.5 0.0 80 157.4 34.3
3.5 0.5 20 1435 10.8
3.5 15 0 : :
3.5 2.5 30 160.2 28.9
3.5 3.5 20 211.6 12.2
4.5 0.0 90 210.1 36.3
4.5 0.5 60 163.6 30.1
4.5 15 40 150.3 25.7
4.5 2.5 40 253.7 35.4
4.5 35 20 142.2 18.9

LSD 8.026 * 17.441 * 6.194 *
(P<0.05)

*Indicate statistical significance compared to the control.

Kanwar & Kumar (2010) examined the
impacts of multiple types of plant growth
regulators on the initiation of callus in D.
caryophyllus and found that buds were
directly formed by a medium containing only
Zeatin or a mixture of NAA and 1AA. Kaur
(2014) observed green, hard compact and
fast- growing of callus in D. caryophyllus by
stem explants that culture on MS medium
contained Zeatin. Cytokinin is among the
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most widely often used studied plant growth
regulators in the form of callus. The medium
supplemented with Zeatin improved the
capacity of callus induction and remained
viable for calli after six weeks of culturing.
Grunennvaldt et al. (2020) found that
genotypes display the varied capacity to the
formation of callus and shoots in llex
paraguariensis when Zeatin was used.
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Table (2): Effect of Kin and 2, 4-D combinations on fresh weight of callus that induction stem explants
of D. caryophyllus after two months of culture on MS medium.

2,4-D Kin (mg.L™)  Fresh weight of callus (mg)
(mg.L ™

1.5 0.2 261.4
15 0.4 745.7
1.5 0.6

15 0.8 :

2.0 0.2 1453.6
2.0 0.4 2826.4
2.0 0.6

2.0 0.8 :

2.5 0.2 781.2
2.5 0.4 1102.1
2.5 0.6

2.5 0.8

3.0 0.2 :

3.0 0.4 853.6
3.0 0.6

3.0 0.8 :

LSD 163.864*
(P<0.05)

Table (3): Effect of addition of Zeatin to MS medium contained combination of Kin and 2, 4-
D on fresh weight callus that induction from stem explants after two months.

Kin (mg.L?) 2, 4-D | Zeatin Fresh weight (mg)
(mg.Lh) | (mg.L™)
0.4 2.0 0.0 1462
0.4 2.0 0.4 -
0.4 2.0 0.8 -
0.4 2.0 1.0 5314
LSD (P<0.05) 237.85*
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Fig. (1): Callus induction of D. caryophyllus
(A) Callus induction from leaf explants. (B)
Callus induction from stem explant.

Conclusions

As indicated in the current study, the mass of
callus formed from stem explants is higher than
the results from leaf explants. Treatment with
Zeatin as well cause higher induction of callus in
D. caryophyllus. For future research, our research
may also be enhanced in various directions for
more development of callus, high efficiency or
less period, including: initiating callus from roots
that are rich in bioactive compounds, utilizing
various types of auxin, and then using the
procedure for induction of callus from leaf
explants.
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