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ABSTRACT: Ocimum basilicum L. sweet basil is native to India and
Iran, an aromatic herb and perennial belong to the Lamiaceae family.
This study was done at the Genetic Engineering and Biotechnology
Laboratory, Faculty of Agriculture, Damanhour University, Egypt
from 2019 to 2020. Developing stress tolerant plants using in vitro
selection is an effective method; therefore, the purpose of this study
was to detect the best concentration of phytohormones to produce
embryogenic callus of Ocimum basilicum L. and study the effect of
poly ethylene glycol (PEG) on embryogenic callus of basil. Leaf
specimens of basil were cultured on MS medium (Murashige and
Skoog) with concentration of auxin and cytokinin. Ap (2, 4-D at 0.5
mg/l), A2 (2, 4-D at 1.0 mg/l) and Az (2, 4-D and BAP at 1.0 mg/l and
0.2 mg/l). Embryogenic callus of basil was sub cultured under normal
and drought stress media containing different concentration of

Scientific J. Flowers & polyethylene glycol (PEG; M.W 4000) at 2, 5 and 10%. Results

Ornamental Plants,
7(4):447-459 (2020).

Received:
19/8/2020
Accepted:
29/8/2020

showed that medium A3z was the best medium of embryogenic callus
induction. Also, the concentration of PEG at 5% was shown
maximized callus survivability compared with the other PEG
concentrations with no significant effect. This study adds new
information on the effect of 5% PEG which showed the highest
(positive) survivability of callus. The morphogenic of calluses on 5%
PEG were yellowish, friable while the morphogenic of calluses on
10% PEG turned into brown.

Key words: Ocimum basilicum L., sweet basil embryogenic callus,
polyethylene glycol (PEQG), in vitro selection, drought
stress.

INTRODUCTION

Ocimum basilicum L. (sweet basil) is an
aromatic perennial herb from India and Iran.
It is belongs to the Lamiaceae family. It
produces essential oil that has several uses in
medical and cosmetics field.

In vitro selection is an effective method
for developing stress tolerant plants by tissue
culture technique on many Lamiaceae
species that could be applied to produces

identical offspring to the parent using
different  explants. A high level of
polymorphism in the genus Ocimum produce
countless number of species and different
varieties. Tissue culture of basil Ocimum
species are standout amongst the most
financially critical therapeutic plants on the
planet (Saha et al., 2010). Basil has a place
with the family Lamiaceae incorporates
more than 150 unique species and varieties
districts of Africa and Asia (Labra et al,
2004; Hameed et al., 2015). In vitro culture
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is an effective and necessary mean for rapid
produces identical offspring to the parent
(Razdan, 2003). Eugenol was produced from
leaves and nodal callus of the basil
propagation by tissue culture (Bodhipadma
et al, 2005). Matkowski (2008) and
Karuppusamy (2009) reported that plant
tissue culture technique could be applied for
improving quantitate and quality bioactive
compounds in several species. Plant tissue
culture is need optimal conditions to
reproduction a plant .(George et al., 2008;
Kumar and Loh, 2012).

Leaf explants were used from basil as
showed by Phippen and Simon (2000).
Begum et al. (2002), Shahzad and Siddiqui
(2000), Phippen and Simon (2000) showed
that numerous in vitro researches have been
directed on Ocimum genus, utilizing
different explants, as axillary buds and leaf
explants. Yasmin et al. (2001), Sarkar and
Biswas (2002), Shah et al. (2003), Farooq et
al. (2004), Dahman et al. (2008), Noor et al.
(2009) and Rashid et al. (2009) studied
different concentrations of 2, 4-D for callus
induction. These variety results may be
referred to sources of explants, endogenous
concentration effect of growth regulators.
Alizadeh et al. (2004). Begum et al. (2002),
found that using nodal explants was more
proliferate than that of shoot tips when it was
cultured on half efficiency of MS medium,
including KN and BAP for O. basilicum L.
by tissue culture. Begum et al. (2011).
BiccaDode et al. (2003) showed that using
MS medium supplemented with BAP and
NAA at 5 and 0.2 mg/l, respectively
increased shoot formation for in vitro
propagation by cotyledonary leaf. However,
Banu and Bari (2007) observed that using
MS medium supplemented with BAP at 0.2
mg/l gave the highest average number of
shoots and the highest percentage of shoot
formation from shoot tip explants. Dode et
al. (2003) concluded that using BAP with
NAA at 5 and 0.2 mg/l increased shoot and
callus formation. In contrast, using NAA
with BAP inhibited root formation of basil
(Ocimum basilicum L.) in vitro propagated
from cotyledons. Vikrant and Rashid (2003)

and Pellegrineschi et al. (2004) found that
synthetic auxin 2, 4-D is essential constituent
of culture media. They are used in cereals for
callus induction and maintenance or for
induction of somatic embryogenesis if
applied at a higher concentration.

Using BAP and NAA at 5 and 0.2 mg/l,
respectively gave the highest shoot
formation from cotyledonary leaf (Dode et
al, 2003). But, Banu and Bari (2007)
observed that using BAP at 0.2 mg/1 gave the
highest average number of shoots and
percentage of shoot formation from shoot tip
explants. Siddique and Anis (2007) Cleared
that using 50 puM of thidiazuron (TDZ)
supplementation to MS medium for in vitro
propagation of basil was the optimal level
for maximum regeneration frequency and
IBA at 1.0 M for root induction. Growth
regulators, different components are
elements effect on in vitro seedling
development (George et al., 2008).

Regarding the effect of polyethylene
glycol on basil calluses, Stasolla and Yeung
(2003) reported that polyethylene glycol
(PEG) which has type of stress lead to
promote somatic embryo by accumulation of
storage compounds. Hassan et al. (2004)
found that PEG is used without being
phytotoxic to induce water stress. Turkan et
al. (2005) and Rao and Jabeen (2013)
concluded that polyethylene glycol (PEG)
has high molecular weight therefore using as
drought stress induction. Peppas et al. (2006)
observed that PEG hydrogels have resistance
to non-specific protein adsorption therefore
used for the delivery of therapeutic proteins.
Taheri-Asghari et al. (2009) showed that
plants under drought stress causes an
osmotic flow of water out of their cells
which reduces their growth and then yield.
Zustiak and Leach (2011) concluded that
using the PEG which has high molecular
weight in low concentration increased the
diffusivity of proteins and various small
molecules  from  both  chain-growth-
polymerized 8-10 and  step-growth-
polymerize PEG hydrogels. Musa (2011) and
Begum et al. (2011) screened some
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sugarcane varieties for drought tolerance
using PEG as selection agent. Patade et al.
(2011 and 2012) reported that NaCl and PEG
have effect on growth, antioxidant defense
and osmolytes accumulation in cultured cells
of sugarcane.

The aims of this study were to detect the
best concentration of phytohormones to
produce embryogenic callus of basil and
study the effect of polyethylene glycol
(PEG) on embryogenic callus of basil.

MATERIALS AND METHODS

This study was done at the Genetic
Engineering and Biotechnology Laboratory,
Faculty of  Agriculture, = Damanhour
University, Egypt from 2019 to 2020 years.

Tissue culture techniques:

In this study, leaves of basil were used to
establish in vitro cultures under normal and
drought stresses. Leaf specimens were
sterilized in Clorox 10% for 10 min, then
washed 3 times using sterile distilled water.
Small pieces of leaves were cultured on
(MS) Murashige and skoog (1962) medium,
which contains a mixture of macro and
micro salts, supplemented with different
concentration of phytohormones, sugar as
carbon source and vitamins, pH medium was
at 5.8 and autoclaved for 20 min at 121°C.
After colling to 65 °C the medium was
poured in glass petri dishes (about 30 ml per
dish). The petri dishes were left at laminar
flow (Telstar) to be solidified

Induction of basil calluses:

After disinfecting of explants with
Clorox and washing with sterilized distilled
water, each explant was cut into small pieces
and cultured on MS media, supplemented
with different concentration of
phytohormone as indicated in Table (1).
Cultures were incubated at 28 °C in dark
using incubator (VELP FOC22SE). Callus
started to grow after 14 days. The
embryogenic callus began to appear which
being friable, yellowish and easy to separate
from the explant.

Table 1. Concentration of phytohormones

which were wused in callus
induction media.
Treatment Types of hormones Concentration
2,4-dichloro-
Al phenoxyacetic acid 0.5 mg/l
(2,4-D)
2,4-dichloro-
A2 phenoxyacetic acid 1 mg/l
(2,4-D)
A3 2,4-D + Benzyl 1 mg/l+0.2
aminopurine (BAP) mg/l

Drought tolerance:

Friable callus was sub cultured every 21
days on the same callus induction medium.
Embryogenic calluses of basil were sub
cultured on media containing different
concentration of polyethylene glycol (PEG)
(M.W 4000) at 2, 5 and 10%. Stressed callus
continued their growth on media containing
(PEG) for four times each time was taken 21
days and at 28 °C in dark was incubated in
incubator then were put in regeneration
media and for 14 days incubated at 28 °C
then transferred to growth chamber under
white fluorescence light of an intensity of
about 3000 lux for 16 hours.

Statistical analysis:

Glimmix procedure in SAS 9.4 (SAS
Inc., Cary, NC, USA) used to analyze the
data of the callus survivability at different
levels of media amendment with PEG, as a
one-factor, in a completely randomized
design (CRD), and averages were separated
according to Tukey-Kramer’s adjustment for
multiple comparisons at a=0.05. The
regression lines of survivability on the
number of calluses on plant and
corresponding p-values were drawn using
GLM procedure in SAS.

RESULTS

In the present study, plant tissue culture
techniques were used to get embryogenic
callus. In vitro selection technique was used
to test the effect of polyethylene glycol
(PEG) stresses on callus to determine the
tolerance of each callus of basil to drought
effect.
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The effect of callus induction media on
basil:

Leaves of basil were used to get
embryogenic callus on callus induction
media. In this study MS medium was used
with different concentration of
phytohormones for callus induction (Table,

1).

As shown in Figure (1) the lowest
percentage of callusing was obtained on
medium A; as recorded 77% of life callus,
while the percentage of life callus was 80%
on medium A>. While, using the Az medium
resulted in 100% of life callus. So, medium
A3z was the best medium for callus induction
of basil.

Medium A3z showed yellowish, easy to
separate from the explant and friable
embryogenic callus (Fig., 2). On the other
hand, callus appeared on medium A; and A>
were brown hard (Fig., 2). According to
these observations the third medium (Aj3)
was the best for callus induction more than
the other media for basil.

Effect of PEG concentrations as media
amendment on callus survivability:

Drought stress on cultural callus of basil
as excreted by the effect of different
concentrations of PEG was studied. In this
study three concentrations (2, 5 and 10%) of
PEG were used. The treated callus was
transferred every 21 days for four times.

H Al medium
300

H A2 medium

5 A3 medium

250 -

200 -

150 -

100 -

50 -

No.of explant

No. of live
calluses

No . of dead
calluses

Fig. 1. Number of calluses on different callus induction media.

Fig. 2. Embryogenic calluses on different of calluses induction media.
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Figure (3) shows the effect of all
concentrations of PEG on  callus
survivability. The percentage of callus on
medium without PEG (control) was 78%
while the percentage of callus on 2% and
10% PEG was equal 80%. On the other
hand, 5% of PEG was the best concentration
on callus survivability which was 100%.
PEG amendment was given a significant
effect on callus survivability (p-value <
0.001). Callus survivability data showed that
the relation between PEG concentration and
callus survivability was not a simple linear
relationship. Medium amendment with 5%
PEG maximized callus survivability as
shown in Fig. (4). Whereas, amendments
with PEG at 2% and 10% had no significant
effect, as they were not significantly
different from the control (PEG at 0%).

Effect of number of callus per plate on
callus survivability at different levels of
PEG amendment in media:

The total number of calluses on plate had
a significant effect on survivability at PEG
with concentration 2 and 10% and no
significant effect at 0 and 5% (Fig., 4). The
medium amendment with 5% PEG
maximized callus survivability regardless of
the number of callus on plate in the range of
14-40 callus/plate.

The embryogenic callus on medium
without PEG (control) were friable,
yellowish and fast growing while the callus
on 2% of PEG were browning with low
growth (Fig., 5).

However, the calluses on 5% PEG were
fast growing yellowish. Pieces of calluses
were turn into brown. The calluses on 5% of
PEG were better than calluses on control
medium (Fig., 6)

On the other hand, the calluses on 10%
of PEG were turned into brown compared
with control. Because of the effect of high
concentration of PEG most of callus were
died and the aggregates of callus were
yellowish (Fig., 7). For all the above the
medium with 5% of PEG was the best
concentration

DISCUSSION

The present study was carried out to
determine the capability of basil to the in
vitro tissue culturing procedures and to
tolerate by using polyethylene glycol (PEG)
as drought stress.

Basil tissue culture and induction of
embryogenic callus:

In vitro micro propagation is a
successful method for fast multiplication of
basil. The manipulation of plant growth

100

Callus survivability (%)

a
80 b ’ P
60
40
20
0
0 2 5 10

PEG (%)

Fig. 3. Effect of PEG amendment on callus survivability on media.
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Fig. 4. Effect of total number of callus per plate on the callus survivability on media
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Fig. 7. Callus of basil cultured on A3 medium containing (10% PEG).
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regulators are used to optimize the induction
of callus, under the present experimental
procedures, it was found that medium Aj
was the best for callus induction. Mishra
(2015) found that picloram at 3 mg/l showed
best response of callus formation. Abdel-
Rahman et al. (2015) found that BA at 5
mg/l and NAA at 1 mg/l produced the
highest callus. Mishra (2015) reported that 2,
4-D with concentration of 1, 3 and 5 mg/l
produced white, light greenish, compact
callus however in the preset study medium
supplemented with BA and 2, 4-D produced
yellowish, friable callus, easy to separate
from the leaf explant. Asghari et al. (2012)
proved that the source explants have been
played effective factor for callus induction.

Shahzad and Siddique (2000) declared
that nodal explants were gone to produce
callus with the combination of NAA at 5
mg/l and BA at 0.5 mg/l or 2, 4-D at 0.2
mg/l. Kasem (2017) reported the highest
organogenesis callus induction frequency of
90% on MS medium with BA at 1.0 mg/l. In
many plant species 2, 4-D is the most
ordinarily utilized auxins. Several reviews in
production of Ocimum, somatic embryos
were achieved. Mathew and Sankar (2011)
cultured the cotyledonary leaves of O.
basilicum, O. gratissimum and O. Sanctum
for generation of somatic embryos and found
that MS medium fortified with 2,4-D (1.0
mg/l) + BA (0.5 mg/l) was appropriate for
the embryonic callus development with
greatest weight and few days for induction of
O. sanctum and O. basilicum. MS medium
supplemented with 2, 4-D at 0.5 mg/l + BA
at 0.5 mg/l was suitable for O. gratissimum.
Moreover, Abdel-Rahman et al. (2015)
reported that shoot and callus cultures of O.
basilicum which cultured on medium with
BA at 5 mg/l and NAA at 1 mg/l
Additionally, Wongsen et al. (2015) cultured
leaves of sweet basil (O. basilicum) on a
semi-solid nutrient medium fortified with
various 2, 4-D concentrations and observed
that all he examined media could enhance
production of compact callus. Kasem (2017)
reviewed the superior 2, 4-D concentration
(0.5 mg/l) in producing the greatest callus.

Asghari et al. (2012) declared that, auxins
play an important role in starting cell
division and cell elongation, both lead to
control the growth process.

In the present study the results showed
the use of auxin with cytokinin, leads to a
large number of small and undifferentiated
cells. Mendoza and Kaeppler (2002) used
combination with auxin and cytokinin to get
callus induction. Similar results were found
by Pandey et al. (2015) which found that 2,
4-D was favored for most extreme callus.
Several authors have observed a strong
correlation between the auxin and cytokinin
ratio in the media (Sharzad and Siddiqui,
2000; Phippen and Simon, 2002). Used high
cytokinin level to successfully stimulate leaf
organogenesis in basil

In vitro selection of polyethylene glycol
tolerance:

According to the present in vitro
selection results, three concentration of PEG
were used in this study to detect the effect of
PEG on callus tolerance. It was found that
medium A3 supplemented with (2, 4-D and
BA) + 5% of PEG showed a maximized
callus survivability compared with the other
concentration of PEG with no significant
effect. This study adds new information on
the effect of 5% PEG which appeared the
highest positive survivability of callus. The
morphogenic of callus on PEG 5% were
yellowish and friable while the morphogenic
of callus on 10% PEG turned into brown
because of increasing of concentration, may
be because of reduction of total water
potential. Damalas (2019) reported that
sweet basil production can be improved for
Drought stress by using biotechnology tools.
Sharma et al. (2016) recorded that the
browning of the callus cells is indicator of
tolerance to PEG induced drought tissue
culture. Plant responses to drought and
salinity stress have much in common
pathway (Munns, 2002).

Munir and Aftab (2009) noticed that the
sugarcane callus cultures after PEG
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pretreatment at 5 and 7.5% increased

tolerance to the osmatic embryos.

Also, Yantcheva et al. (1998) viewed
that using MS with 1% EPG gave the highest
percentage of embryo maturation. The
results of this study showed that there were
no significant differences among calluses
under different Concentrations of PEG. This
observation is in agreement with previous
reports (Kacem et al., 2017). Bressan et al.
(1981) found that medium containing PEG
with different concentrations (45, 50 and 60
g/l) enhanced cultured cells ability to grow
in the presence of drought stress. From the
previous studies (Langhansov et al., 2004;
Mishra et al., 2012; Koeher et al., 2013;
Heringer et al., 2013) observed that adding
PEG to the medium induced the highest rates
of maturation of embryogenic -cultures,
conversion of somatic embryos, greater
structural development, improved quality of
somatic embryos and the formation of
plantlets in papaya plant.
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