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Abstract
Cucumber (Cucumis sativus L.), a popular vegetable crop of the family Cucurbitaceae, is cultivated in
different parts of the world and is of great economic importance. Ultrasound is known as a physical stimulus
that can affect living systems. At the right frequency and exposure period, these waves have desired effects. In
the present study, 2-week-old plants, were put in an ultrasonic bath with a nominal frequency of 40 kHz, a
central frequency of 34/722 kHz and a bandwidth of 320 Hz for 0, 5, 10 and 15 minutes. Hypocotyl pieces
were used as explants and cultured in Murashige and Skoog medium supplemented with 0/5 mg/l each of 2,4dichlorophenoxyacetic acid, 1-Naphthalene acetic acid, kinetin and 6-benzylaminopurine. The use of
ultrasonication at a nominal frequency of 40 kHz for 10 minutes showed better results as compared with the
samples treated for 0, 5 and 15 minutes, in terms of the shape, maturity of the embryos, and also the
germination of artificial seeds and maturing to flowering stage. Since the cucumber of Esfahan is very famous
for its aroma and taste and it is somewhat at risk of extinction, we studied the production of artificial seeds of
this valuable plant using somatic embryos and apical buds. This research is the first report on investigation of
the positive effect of ultrasound on somatic embryogenesis and artificial seed production. our results clearly
showed that this method is a practical method to accelerate seed germination and flowering stage.
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Introduction
Cucumber (Cucumis sativus L.), is one of the most important and widely used vegetables in the world,
which has a special position and popularity (Hassanein, 2003). It purifies the blood and has chemical
compounds effective in treating cancer and is consumed in poisoning and digestive disorders (Ugandhar et al.,
2011). It also cools the body and helps digestion (Passalacqua et al., 2007). Ultrasound is a physical stimulus,
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affecting living systems, depending on the type of cell and its response to these physical stimulations on one
side, and to the energy of these waves on the other side (Liu et al., 2003).
Recently, much attention has been devoted to the beneficial effects and potential applications of lowenergy ultrasound in biological systems and biotechnological processes, especially for food quality control, as a
non-destructive method (Rajewska and Mierzwa, 2017). The use of these high-energy waves can have
destructive effects, including destruction of cell membranes and important biochemical molecules such as
enzymes and DNA (Chen et al., 2008). However, low-intensity waves can have beneficial effects on these
systems (Da Silva and Dobránszki, 2014).
These waves are categorized into two groups based on frequency domain:
1-Low intensity and energy waves (between 20 and 100 kHz)
2-High intensity and energy waves (more than 100 kHz) (Nowacka and Wedzik, 2016).
Ultrasound can be very effective in stimulating seed germination, increasing germination percentage,
and accelerating plant growth (Yang et al., 2015).
In plant cell tissue culture systems, the increased cell and callus growth is also reported in some plants
like Corylus avellana, Oryza sativa and Soybean as influenced by ultrasound ( Liu et al., 2003; Rezaei et al.,
2011; Safari et al., 2013; Ghanati et al., 2015; Yang et al., 2015). Plant tissue culture is an important and
efficient technique in the field of basic and applied sciences, and also has commercial application (Isah, 2015).
This phenomenon is due to the thought and idea of a German scientist, Haberlandt, at the beginning of
the 20th century. He stated that cultured plant cells were capable of growing, dividing, and transforming into
complete plants. He is known as the father of plant tissue culture (Bhatia and Dahiya, 2015).
Reducing the number of generations, shortening the time for improvement of woody and herbaceous
plants, and the extraction of pharmaceutical and chemical substances and various essential oils, as well as the
propagation of species that cannot propagate within the soil, are among the other uses and benefits of plant
tissue culture (Vasil, 2008).
Somatic embryogenesis is an artificial process in which, a plant or embryo is derived from a single somatic
cell and have the potential to produce a large number of seedlings (Juturu et al., 2015). In most cases, somatic
embryos have the ability to be stored, providing the possibility of creating a gene bank for plants (Sunandar and
Supena, 2017).
In order to effectively regulate the formation of plants through somatic embryogenesis, it is important
to understand how the somatic embryos evolve and how this evolution is influenced by physical and chemical
treatments (Von Arnold et al., 2002). The controlling mechanisms of cell differentiation during somatic
embryogenesis is not entirely clear and there are still a lot of unknowns about it (Thorpe, 2007). Potentially,
somatic embryos have many biotechnology applications, one of which is the production of artificial seeds
(Gantait et al., 2015). Artificial seed technology is based on the use of somatic embryos, lateral buds, and apical
meristem, creating a method for the production of similar seeds used for micropropagation and cloned
seedlings in the future (Dobránszki and da Silva, 2010).
Growth regulator factors are the synthetic form of hormones in the artificial conditions, whose type and
concentration vary depending on the purpose of the culture. There is a belief that, the in vitro plant tissue
culture without growth regulators is almost impossible to achieve (George, 1993).
In cucumber, 2,4-dichlorofenoxy acetic acid is the most common form of auxin to induce callogenesis,
somatic embryogenesis and its growth, used either independently or in combination with NAA. NAA is also
used as an auxin for callogenesis and callus growth, acts similar to 2,4-D but it is less used compared to 2,4-D.
Cytokinins are the other plant growth regulators (Kn, BA), accelerating cell division (Cade et al., 1990). The
presence of auxin and cytokinin together can have a positive effect on the induction of callogenesis and the
subsequent development of embryonic calli (Tripathi and Tripathi, 2003). A suitable osmotic pressure in
culture media is one of the effective factors in the growth of callus and embryogenesis in plants. This osmotic
pressure could be provided by disaccharides such as sucrose, which is often used as an organic carbon source in
the culture medium (Lou and Kako, 1995).
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Since the cucumber of ‘Esfahan’ is very famous for its aroma and taste and it is somewhat at risk of
extinction, we studied the production of artificial seeds of it. The purpose of this study was to prove the positive
effects of ultrasound and growth regulators on optimization of tissue culture in order to produce embryonic
calli and produce artificial seeds through both somatic embryogenesis and apical buds of this valuable plant.
This research is the first report on the investigation of the positive effect of ultrasound on somatic
embryogenesis and artificial seed production.

Materials and Methods

Callogenesis
The seeds of cucumber (Cucumis sativus cv. ‘Dastgerd Esfahan’) were purchased from Esfahan Pakan
Bazr Company. After homogenizing the seeds in order to sterilize them under the laminar hood, the seeds were
first washed in 5% (V/V) sodium hypochlorite for 5 minutes and then washed with sterile double distilled
water 3 times, each time for 5 minutes. Then, the seeds were washed in 70% (V/V) ethanol for 1 minute and
again washed with sterile double distilled water 3 times each time for 5 minutes. In order to dry the seeds, filter
papers, sterilized by autoclave (121 °C), were used. After drying the seeds, they were cultured on the MS
medium (Murashige and Skoog, 1962) without growth regulators under a photoperiod of 16 hours light/8
hours’ dark at culture room temperature (22 ± 2 °C). The pH of the medium was adjusted to 5.8 with 0/1 M
NaOH or 0/1 M HCl before adding 0.8% (M/V) agar and autoclaved at 121 °C for 15 minutes. After four
days, the seeds germinated and, after two weeks, turned into seedlings in sterile conditions. The 2-week-old
seedlings were put in an ultrasonic bath (Falc Instruments, Treviglio, Italy) with a nominal frequency of 40
kHz, a central frequency of 34.722 kHz and a bandwidth of 320 Hz (Rezaei et al., 2011) for 0, 5, 10 and 15
minutes. Then, hypocotyl pieces (6 mm in size) were used as explants. The explants were placed in Murashige
and Skoog medium (Murashige and Skoog, 1962) including M1 medium: supplemented with 0/5 mg/l each
of 2,4-dichlorophenoxyacetic acid (2,4-D), 1-Naphthalene acetic acid (NAA) and Kinetin (Kn) and M2
medium : supplemented with 0/5 mg/l each of 2,4-dichlorophenoxyacetic acid (2,4-D), 1-Naphthalene acetic
acid (NAA) and 6-Benzylaminopurine (BA) in dark conditions for induction of embryogenesis.

Embryogenesis
Embryogenesis started after six weeks and calli with globular embryos formed. After four weeks, the
samples were transferred to MS medium, containing 40 g of sucrose per litre as the first subculture and for the
formation of heart-shaped embryos. One month later, the samples were transferred to the MS medium,
containing 50 g of sucrose per litre as the second subculture for the formation of torpedo-shaped embryos.
After stereomicroscopic observation (BEL-STMPRO-B), appropriate samples were photographed by CanonPowerShot SX230.

Histology of embryos
To ensure embryogenesis, the microtome cuts were prepared from calli, so that samples were fixed in a
FAA fixative (formalin, glacial acetic acid, 70% ethanol- 5:5:90) for three and half hours. Samples were then
dehydrated in increasing degrees of ethanol and saturated with toluene and paraffin. Paraffin-embedded
specimens were sectioned. Serial sections (8-10 mm thick) were made using a microtome (CUT-4060, SLEE)
fitted with a steel knife. Then stained by haematoxylin and eosin after removing paraffin and ethanol
dehydration. After microscopic observation (Nikon-Eclipse-E200), appropriate samples were photographed
by Canon- power Shot SX230.
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Artificial seeds production
For the production of artificial seeds, 2 g of Sodium alginate powder was solved in 100 ml of MS medium
(2% W/V). Then, mature somatic embryos at the torpedo stage and apical buds were separated by scalpel under
stereomicroscopic (BEL-STMPRO-B) under the laminar hood, along with sodium alginate dropped in to 100
mM CaCl2.2H2O solution and shaken slowly in order to encapsulate the whole embryo and bead formation.
The beads were washed in sterile double distilled water and after drying on sterilized filter paper to remove
excess water, they were transferred to the PGR-free MS medium. Synthetic seeds incubated at 22 ± 2 °C with
a 16-h photoperiod for germination. All these processes were done under the laminar air flow chamber in order
to avoid microbial contamination (Cheruvathur et al., 2013).

Acclimatization
After germination and seedling formation, the samples were transferred to the sterile Perlite soil and
covered with a lid. Irrigation was done with Hoagland solution in the first week. By piercing the lid and then
gradually removing it (acclimatization phase), the samples were transferred to garden soil and kept in the
greenhouse environment to observe their growth and flowering stage. The plantlets were watered every day.

Statistical analysis
Each treatment consists of six Petri dishes each containing five samples (n=30). All experiments were
performed in a completely randomized design with at least three replications. Statistically significant
differences were determined by analysis of variance (ANOVA) and the Duncan multiple range test (DMRT)
at a p≤0.05 level of significance (Duncan, 1955). Data obtained from all experiments were presented as the
mean ± SE of three replications.

Results
The callogenesis started after four weeks of culture of the explants in M1 and M2 media (Figure 1). Two
weeks after the formation of calli, embryoid mass cells and globular embryos appeared. Globular embryos
differentiated into heart-shaped ones by the first subculture of samples in the MS medium with 40 g of sucrose
per litre. In the second subculture, heart-shaped embryos were transferred to basic culture medium, containing
50 g of sucrose per litre and after one month, heart-shaped embryos differentiated into the torpedo-shaped
ones.

Figure 1. (A) The 2-week-old seedlings in MS medium (Murashige and Skoog, 1962) by objective 0.2 X,
(B) The 2-week-old seedlings were put in an ultrasonic bath, (C) Embryonic calli of cucumber obtained
from hypocotyl by objective 0.7 X
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To ensure embryogenesis, microtome sections were prepared and stained from embryonic calli, as
described in the materials and methods. In the sections, the stages of embryos formation and development were
observed, so that globular embryos were formed from embryonic callus cells and connected to cells underneath
by suspensor cells (Figure 2).

Figure 2. Microtome sections of embryonic callus and globular embryos stages derived from cucumber
hypocotyl explants in Murashige and Skoog medium (Murashige and Skoog, 1962), containing 0/5 mg/l
each of 2,4-D, NAA and Kn as M1 medium and containing 0/5 mg/l each of 2,4-D, NAA and BA as M2
medium. By objective 40 X [g.e: globular embryo; sus: suspensor]. (A) Control sample in M1, (B) control
sample in M2, (C) 5-minutes treatment in M1, (D) 5-minutes treatment in M2, (E) 10-minutes treatment
in M1, (F) 10-minutes treatment in M2, (G) 15-minutes treatment in M1, (H) 15-minutes treatment in
M2

In the next stage, the cell division began at both embryo poles; globular embryos moved towards
bipolarization and cotyledons began to form on their sides (Figure 3).
In the next stage, the cotyledons grew more, moving towards torpedo-shaped embryos and when these
divisions increased at both embryo poles, mature cotyledon embryos were formed, in which the cotyledons
were thoroughly grown (Figure 4).
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Figure 3. Microtome sections of embryonic callus and heart-shaped embryos stages derived from cucumber
hypocotyl explants in Murashige and Skoog medium (Murashige and Skoog, 1962), containing 40g sucrose
per liter by objective 40 X (cot: cotyledon; d. cot: deformed cotyledon; per.: periderm). (A) Control sample
in M1, (B) control sample in M2, (C) 5-minutes treatment in M1, (D) 5-minutes treatment in M2, (E)
10-minutes treatment in M1, (F) 10-minutes treatment in M2, (G) 15-minutes treatment in M1, (H) 15minutes treatment in M2

Figure 4. Microtome sections of embryonic callus and torpedo-shaped embryos stages derived from
cucumber hypocotyl explants in Murashige and Skoog medium (Murashige and Skoog, 1962), containing
50g sucrose per liter by objective 40 X (cot: cotyledon; d.cot: deformed cotyledon; per.: periderm). (A)
Control sample in M1, (B) control sample in M2, (C) 5-minutes treatment in M1, (D) 5-minutes
treatment in M2, (E) 10-minutes treatment in M1, (F) 10-minutes treatment in M2, (G) 15-minutes
treatment in M1, (H) 15-minutes treatment in M2
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Our results showed the important role of growth regulators including 2,4-D as an auxin, and BA as a
cytokinin compared to Kn, which is one of the most important factors in the formation of callus and
embryogenesis. The highest percentage of callogenesis was observed in M2 media, in which BA was used, while
in M1 medium, Kn was used as cytokinin. The highest percentage of embryo formation was observed in M2
medium in comparison with M1. Similarly, according to the results of artificial seed germination, the highest
germination percentage was observed in M2 medium compared to M1 (Table 1).

15
10 5 min Control Treatment
min min

Table 1. Effects of ultrasound exposure period on callus induction, somatic embryogenesis and synthetic
seeds production of Cucumis sativus L
Callogenesis

Globular embryo

Heart-shaped
embryo

Torpedo-shaped
embryo

Synthetic seeds
from somatic
embryos
M1
M2

Synthetic
seeds from
apical buds

M1

M2

M1

M2

M1

M2

M1

M2

86.67±
6.67ab

93.33±
4.22ab

88.33±
5.27a

92.50±
4.79 b

75.83±
5.33a

79.44±
4.57a

62.78±
7.95a

65.56±
3.89b

44.44±
15.90a

55.55±
13.37a

83.33±
8.03a

73.33±
9.89ab
96.67±
3.33a
60±
16.33b

80±
7.30ab
100±
0b
63.33±
17.45a

73.16±
6.78a
96.67±
3.33a
43.33±
15.63b

76.39±
8.17ab
100±
0b
56.67±
13.82a

59.17±
14.17ab
78.33±
5.27a
35±
17.08b

63.33±
15.63a
90±
6.83a
46.67±
21.08a

41.67±
15.96ab
64.72±
10.89a
11.11±
7.03b

50.28±
16.83ab
79.17±
5.23b
26.39±
12.98a

25±
17.07ab
47.22±
13.20a
0±
0b

47.22±
16.34a
76.39±
8.17a
0±
0b

63.33±
6.15ab
86.67±
8.43a
46.67±
8.43b

Note: Mean values within a column with the same alphabet are not statistically significant (p≤0.05) according to
Duncan’s multiple range test

For the samples treated with ultrasound for 10 minutes, better results were obtained in terms of the
shape and maturity of embryos as well as germination of artificial seeds and maturing to plants, compared to
those treated for 0, 5, and 15 minutes with these waves. The samples treated for 15 minutes with ultrasound
did not have complete embryogenesis, and, as shown in the figures, the embryos were abnormal (Figures 2-4).
These waves had a more negative effect on the stages of embryonic maturity, and no germination was observed
in the artificial seeds (Figures 5 g-h).

Figure 5. Seed germination of synthetic seeds after four weeks, derived from somatic embryos in Murashige
and Skoog medium (Murashige and Skoog, 1962) by objective 0.7 X. (A) Control sample in M1, (B)
control sample in M2, (C) 5-minutes treatment in M1, (D) 5-minutes treatment in M2, (E) 10-minutes
treatment in M1, (F) 10-minutes treatment in M2, (G) 15-minutes treatment in M1, (H) 15-minutes
treatment in M2

1921

Koochani M et al. (2020). Not Bot Horti Agrobo 48(4):1915-1928

In the samples treated for five minutes, mature embryos were somewhat observed that retained their
shape; however, the results were not remarkable in comparison with the samples treated for 10 minutes, since
in comparison with the samples treated for 0 and 10 minutes, less germination was observed and flowering was
not observed. The samples treated for 10 minutes had the best response, and ultrasound seemed to have a
positive effect on them as compared with the control samples treated for 0 minute (Figures 5-6).
As can be seen in the artificial seeds derived from somatic embryos, the samples treated for 10 minutes,
achieved full maturity, including flowering, while the samples treated for 0 minute did not begin the flowering
stage (Figure 6).

Figure 6. Planting of synthetic seeds in the pot and becoming a plant after six weeks and transferring to the
greenhouse environment
(A) Control sample in M1, (B) control sample in M2, (C) 5-minutes treatment in M1, (D) 5-minutes treatment in
M2, (E) 10-minutes treatment in M1, (F) 10-minutes treatment in M2, (G) 15-minutes treatment in M1, (H) 15minutes treatment in M2.

The results of artificial seed germination obtained from apical buds showed a significant difference
between the samples treated for 15 minutes with those treated for 10 minutes (Figure 7).
The artificial seeds obtained from the samples treated for 10 minutes started the flowering stage faster
than the others, and within two weeks. The artificial seeds obtained from the control samples started the
flowering stage with a delay of two weeks compared to those treated for 10 minutes. However, the artificial
seeds obtained from the samples treated for 5 minutes started the flowering stage very late after eight weeks,
and the artificial seeds obtained from the samples treated for 15 minutes did not begin the flowering stage at
all (Figure 8).
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Figure 7. Seed germination of synthetic seeds derived from apical buds in Murashige and Skoog medium
(Murashige and Skoog, 1962), by objective 0.7 X
(A) Control sample, (B) 5-minutes treatment, (C) 10-minutes treatment, (D) 15-minutes treatment

Figure 8. Planting of synthetic seeds derived from apical buds in the pot and becoming a plant after four
weeks and transferring to the greenhouse environment
(A) Control sample, (B) 5-minutes treatment, (C) 10-minutes treatment, (D) 15-minutes treatment.
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Discussion
The results of this study indicate that hypocotyls can be selected as a suitable explant for callogenesis and
embryogenesis in the medium. Abu-Romman et al. (2013) used the hypocotyls of cucumber. Our results show
the important role of growth regulators including 2,4-D as an auxin, and BA as a cytokinin, which is one of the
most important factors in the formation of callus, since the presence of auxin or cytokinin, or both, is essential
for the onset of embryogenesis.
The significance and role of these growth regulators in the somatic embryogenesis of cucumber have also
been considered by Khalili et al. (2000), Mashayekhi et al. (2012), Elmeer and Hennerty (2008), Von Arnold
et al. (2002) which is consistent with the results of this study. The role of 2,4-dichlorophenoxyacetic acid, as an
important and constant growth regulator (and often necessary for the induction of embryogenesis), was
reported by Cade et al. (1990), Smith (2012) and Ju et al. (2014). Tabassum et al. (2010), pointed to the
positive role of two growth regulators, BA and NAA together on somatic embryogenesis. Usman et al. (2011),
pointed to the effective role of all three growth regulators, 2,4-D, NAA, and BA. Raju et al. (2013),
Cheruvathur et al. (2013), Ugandhar et al. (2011), Alam et al. (2015), referred to the important role of BA
growth regulator. Gopi and Ponmurugan (2006), used BA and 2,4-D to obtain embryogenic calli in Ocimum
basilicum, which is consistent with our reports on the use of similar regulators. Mamdouh et al. (2014) studied
the three varieties of cucumber and produced embryogenic calli from the leaf explants of sterilized seedlings in
a basic medium with BA and NAA, which aligns with our research in terms of the type of hormones affecting
embryogenesis.
It has often been interpreted that these hormones can change the process of cell division and the onset
of asymmetric cell divisions through changing the expression of genes and metabolic changes, leading to the
formation of embryoids (Tabassum et al., 2010; Ugandhar et al., 2011; Von Arnold et al., 2002). The results of
first and second subcultures of the samples indicate the effective role of sucrose, causing proper osmotic
pressure in the medium. This pressure is one of the factors affecting somatic embryogenesis in plants as sucrose
is often referred to as a source of organic carbon.
In the first sub culture, the increase of sucrose from 30 mg/l to 40 mg /l led to the differentiation of
globular embryos into heart-shaped embryos, and in the second sub culture, as the sucrose concentration
increased from 30 mg / L to 50 mg / L, the embryo developmental stages were achieved, and heart-shaped
embryos evolved into torpedo-shaped embryos, indicating the role of sugars particularly disaccharides, such as
sucrose, in somatic embryogenesis. According to Lou and Kako (1995), Hassanein (2003), the concentration
of sucrose was reported to be effective in embryogenesis even without any growth regulator. The osmotic role
of sugars and providing proper osmotic pressure, as well as their role as a source of carbon (and a part of the
energy needed), could be noted.
The results of ultrasound showed that these waves can affect the formation of embryos, germination of
seeds and, to some extent, accelerate the process of flowering. As seen, the control samples and those treated
with ultrasound for 10 min showed better results in terms of embryonic maturity, proper embryonic stages,
and subsequently, germination of the seeds compared to the embryos obtained from the calli exposed to waves
for a longer time (15 minutes). However, the samples treated for 15 minutes were unable to complete the
embryonic development and did not succeed in reaching the embryonic maturity, and the germination of
artificial seeds obtained from the somatic embryos was zero, showing a significant difference with the samples
treated for 10 minutes, whose results for the formation of embryos, germination and flowering of artificial seeds
was the best compared to the control and other treatments.
One of the reasons for this event can be attributed to the heat generated resulting from wave exposure
over a longer period of time, affecting the intracellular conditions and can change the process of cell division
initiation, causing disorder and deformity in differentiation of callus into embryonic calli. However, there was
no significant difference between the control samples and those treated for 10 minutes in the embryonic stages,
and most of this difference was observed in the appearance of the embryos.
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On the other hand, it can be deduced that the use of ultrasound waves of the same intensity, but at
different time intervals, has different effects, affecting the formation and health of the embryos positively or
negatively. According to the results, the average duration (time) can have the best effect on the formation and
health of the embryos and, consequently, the germination of the seeds with a higher percentage and accelerated
flowering time. Therefore, time (duration) can be considered as a key factor in this regard.
Several researchers have referred to the effective role of ultrasound waves on various aspects of plant
tissue culture, including seed germination (Gaba et al., 2008; Rajewska and Mierzwa, 2017). Our results are
consistent with the findings of a research conducted by Sharififar et al. (2015), reporting the positive effects of
these waves on seed germination of Peganum, Cuminum and Atriplex.
Findings of this study on the positive effects of ultrasound on seed germination are in line with the
results presented by Yang et al. (2015), reporting the positive effect of these waves on seed germination of
soybean. Hydrogen peroxide formation in the extracellular environment and induction by ultrasound as well
as activation of the markers of this path in hazelnut were reported by Ghanati et al. (2015), consistent with our
results on the effectiveness of these waves.
In this research, artificial seeds of cucumber were produced using sodium alginate gel according to the
Murashige and Skoog (1962), Redenbaugh et al. (1986), Haque and Ghosh (2017) and Tabassum et al. (2010),
which were eventually transferred to the greenhouse and turned into plants. The results obtained for the
production of artificial seeds and the positive effect of alginates on the maintenance of embryos are consistent
with those presented by these researchers. However, as stated in the results, since the somatic embryos obtained
from the samples exposed to the waves for a longer time (15 minutes) did not complete the maturity stage,
there was a significant difference in germination of the seeds compared to the control samples and those treated
for 5 and 10 minutes, so that no germination occurred. Moreover, only the seeds in the samples treated for 10
min started the flowering stage.
There are several reports on artificial seed production from somatic embryos, including Das et al. (2016)
on Litchi chinensis Sonn; Micheli and Standardi (2016) on citrus trees, Farahani et al. (2015) on apple trees,
which are in line with our results on the use of artificial seed technology. The results of artificial seed
germination obtained from apical buds showed a significant difference between the samples treated for 15
minutes with those treated for 10 minutes. Also, the treatments were effective in accelerating the flowering
time, because the artificial seeds obtained from the samples treated for 10 minutes started the flowering stage
faster than the others and within two weeks. This result indicates the positive effects of these waves on the
health and maturation of the embryos. The artificial seeds obtained from the control samples started the
flowering stage with a delay of two weeks, compared to those treated for 10 minutes. However, the artificial
seeds obtained from the samples treated for 5 minutes started the flowering stage very late after eight weeks,
and the artificial seeds obtained from the samples treated for 15 minutes did not start the flowering stage at all.
Bose et al. (2017) made artificial seeds from the lateral buds of Limonium using sodium alginate and calcium
chloride, which eventually turned into plants. This corresponds with our results in terms of using sodium
alginate and calcium chloride for artificial seed production.

Conclusions
Our results clearly showed that average time (duration) (neither long nor short) can have the best effect
on the formation and health of the embryos, and consequently higher percentage of seed germination as well
as accelerating the flowering stage. So as a novel and simple method, treatment with ultrasound can be used to
improvement and accelerate plant’s growth and callus induction. Generally, using ultrasound treatment could
be a safe technique for agricultural improvements but extensive research is required on different culture media
and in different exposure times of samples to ultrasound.
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