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Abstract 
At the Genetics and Plant Breeding Laboratory of the Department of Agrono-
my and Agricultural Extension, University of Rajshahi, Bangladesh, straw-
berry in vitro propagation was done. Five Benzylaminopurine (BAP) concen-
trations were utilized for shoot induction—0.0 mg/L (Control), 0.5 mg/L, 1.0 
mg/L, 1.5 mg/L, and 2.0 mg/L and five Indole Buteric Acid (IBA) concentra-
tions—0.0 mg/L(Control), 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, and 2.0 mg/l—were 
used for the induction of the root. The highest mean amount of shoots (eight) 
and length of the shoot (3.40 cm) were observed at a concentration of BAP of 
0.5 mg/L. Festival also had the highest mean amount of leaves (6) when we 
used the identical concentration, while RABI-3 and Camarosa did the least 
well. The IBA of 0.5 mg/L concentration of rooting performed the best across 
all metrics tested among the five concentrations. The longest (3.3 cm) roots 
and most roots (7) were likewise obtained from this concentration in Festival. 
However, RABI-3 and Camarosa performed worse than Festival in the same 
concentration. Half-strength MS media without IBA concentration showed no 
response regarding root induction for each of the three cultivars. 
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1. Introduction 

Fragaria and Ananassa Duch., two incredibly diverse species that have thrived in 
various environmental conditions, were crossed to create the little fruit plant 
known as the strawberry [1]. This perennial plant that is stoloniferous belongs to 
the Rosaceae family. Millions of people worldwide appreciate strawberries in vari-
ous climatic conditions, including the taiga, Mediterranean, sub-tropical, and tem-
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perate zones, because they are sweet and healthful [2].  
Ellagic acid, which is a phenolic flavonoid phytochemical, is abundant in straw-

berries. According to scientific studies, eating strawberries may help protect 
against diseases including cancer, aging, inflammation, and neurological disord-
ers, as well as raise HDL (high-density lipoprotein), which is good cholesterol 
levels and blood pressure and prevents congenital disabilities like spina bifida. 
Although propagating cells produced from runners are estimated to make up 
90% of the Dutch strawberry supply, plant propagation via runners, which is used 
in several species of the genus, only produces a modest amount of propagating 
cells.  

It has been demonstrated that strawberry micropropagation accelerates the 
rate at which virus- and disease-free plant material may be made. Furthermore, 
plants grown from tissue culture produce more runners than plants grown through 
conventional propagation techniques [3]. In the culture medium, previous stu-
dies have shown that auxin concentrations, as well as the number of subcultures, 
are crucial factors in determining whether to include somaclonal variation in an 
in vitro system [4]. In commercial strawberry micropropagation, neither somatic 
embryogenesis nor shoot organogenesis is often used since they may result in 
somaclonal diversity in adventitiously regenerated plants.  

Plant tissue culture techniques and somaclonal variety can generate whole new 
plants from various explants. Genetic diversity and callus culture regeneration 
have long been linked [5]. Conventional propagation techniques may not be ad-
vised for efficient and profitable multiplication because they are laborious, expen-
sive, and slow [6]. Fast multiplication rates are one benefit of in vitro propaga-
tion [7]. Micropropagation has many benefits because it allows for the rapid 
and efficient production of numerous plants from a single individual. The cur-
rent research was done with the facts above in mind [8]. 

However, more research needs to be done on how well micropropagated plants 
perform in the field, and a thorough field evaluation is required before tissue cul-
ture can be used commercially [9]. Additionally, more than the standard pro-
duction method is required to satisfy the market requirement. Strawberries have 
been produced in Bangladesh for a few years, but the country’s extreme summer 
heat is their most significant obstacle to development. In the current work, a sub-
stantial technique for strawberry in vitro plant regeneration was developed to pro-
duce large quantities of planting materials for the production, which is commer-
cial in Bangladesh. 

2. Materials and Method 

The experiment was conducted from March to September 2019 at the Genetics 
and Plant Breeding Laboratory of the Department of Agronomy and Agricultural 
Extension, University of Rajshahi, Bangladesh. Five BAP concentrations—0.0 mg/L 
(Control), 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, and 2.0 mg/L were applied aim to start 
induction of the shoot (Figures 1-3). 
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Five IBA concentrations—0.0 mg/L (Control), 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, 
and 2.0 mg/L were used for the induction of root. In both the shoot and root in-
itiation experiments, numerous shoots and roots, the mean number was calcu-
lated for each treatment, composed of one test tube and reproduced five times.  

Typically, salts, both organic and inorganic, are a source of carbon, a few vi-
tamins, and iron, as well as regulators for growth, make up a nutritional medium 
for plant regeneration. In this work, the base medium for plant regeneration was 
Murashige and Skoog (MS), 1962 medium. Festival, RABI-3, Camarosa runner 
segments and runner tips were employed as explants. In Rajshahi, Bangladesh, 
explants were collected from field-grown stocks owned by Akafuzi Agrotech-
nology. Only the delicate and continuously developing segments of the runner 
and tips of the runner that were prepared to be used as explants had a length of 
1.00 - 1.25 cm.  

 

 
(a)                      (b)                      (c) 

Figure 1. Shoot proliferation of three cultivars at 0.5 mg/l BAP concentration: (a) Festiv-
al, (b) RABl-3, (c) Camarosa. 

 

 
(a)                      (b)                     (c) 

Figure 2. Multiple shoot of three cultivars was observed at 0.5 mg/l BAP concentration: 
(a) Festival, (b) RABl-3, (c) Camarosa. 

 

 
(a)                       (b)                      (c) 

Figure 3. Root induction of three cultivars was observed at 0.5 mg/l lBA: (a) Festival, (b) 
RABl-3, (c) Camarosa. 
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The explants were sterilized with Trix and HgCl2 and washed with running 
tap water. Every step of the construction process included safety measures to 
maintain aseptic conditions. A laminar airflow cabinet was used for all injections 
and aseptic procedures. Throughout work, 70% ethyl alcohol was often applied 
to the hands and cabinet base to keep them clean. Explant preparation was done 
carefully to ensure a clean bench and possibly contamination-free conditions were 
reached. Inside the laminar airflow cabinet, the shoot tips were prepared with a 
scalpel and a fine pair of sterile forceps. The excised shoot tips were then inserted 
into the test tubes in medium containers containing various concentrations of 
BAP to facilitate the in vitro regeneration of the multiple shoots.  

The physical conditions required for the culture’s growth and development 
were maintained at 25˚C ± 1 ˚C and 2000 - 3000 lux, as provided by fluores-
cent tubes. The light period was maintained at light of 16 hours and darkness 
of 8 hours (16 L/8D), while relative humidity was between 60% and 70%. Once 
tiny, newly formed green leaves appeared, the shoots had been successfully created. 
It represents the start of regeneration. Once fully developed, these little leaves 
were transplanted into new media with the same hormone content to promote 
further growth and development of shoots. After the start of the shoot, the 
first and second subcultures were conducted at three and five weeks, respec-
tively. 

After being carefully extracted from the test tubes, the numerous branches that 
had been revitalized were laid out on sterile, stiff paper. The basal end of each 
shoot was clipped off and then moved to fresh media with BAP concentrations 
for additional induction of the multiple nodes. A half-strength amplified MS me-
dium containing different IBA doses was used to induce root growth. The ex-
plant’s number cultured, the average shoot number in each culture, the average 
shoot length in each culture, the number of moderately sized shoots in each cul-
ture, the number of days until root induction, the average roots number in each 
culture, and the average root length were all recorded. Mean data were derived 
to display the statistical information. 

3. Results 
3.1. Shoot Induction 

The growth of runner segments and tips was demonstrated in Table 1 using MS 
media supplemented with different 6-Benzylamino purine concentrations: 0.0 
mg/L (Control), 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, and 2 mg/L. After three weeks, 
explants were subcultivated. 

At a BAP concentration of 0.5 mg/L in Festival, the highest average shoots 
number (8), shoot length (3.40 cm), and leaves number (6) were observed. No 
shoots were produced at the highest BAP concentration (2.0 mg/l). The highest 
average shoot number, leaves, and length of the shoot were seen in RABI-3 and 
Camarosa at the BAP concentration of 0.5 mg/L (Table 1). Still, for all three va-
rieties, no node was generated at the maximum BAP concentration of 2.0 mg/L. 
The remaining treatments yielded numerous weak shoots. In that order, the  
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Table 1. Shows the effects of varying BAP concentrations added to MS medium on the 
proliferation of explant shoots from three distinct strawberry cultivars. 

Cultivars BAP (mg/l) 
No. of 

explants/ 
culture 

Average no. of 
shoots/culture 

Average length  
of shoots/ 

culture (cm) 

Average no. of 
leaves/culture 

Festival 

0.0 10 2 0.64 3 

0.5 10 8 3.40 6 

1.0 10 4 2.5 3 

1.5 10 3 2.1 2 

2.0 10 0 0.0 0.0 

RABI-3 

0.0 10 2 0.57 2 

0.5 10 6 2.77 5 

1.0 10 3 2.2 2 

1.5 10 2 1.8 1 

2.0 10 0 0.0 0.0 

Camarosa 

0.0 10 2 0.55 2 

0.5 10 6 2.89 5 

1.0 10 2 2.00 2 

1.5 10 2 1.5 1 

2.0 10 0 0.0 0.0 

 
mean shoot lengths in Festival, RABI-3, and Camarosa were 0.64, 0.57, and 0.55 
cm, but in BAP-free media, the average number of leaves was 3, 2 and 2, respec-
tively. 

3.2. Root Induction 

After five weeks, Table 2 shows that the expanded shoots were placed in the grow-
ing media. IBA (indole 3-butyric acid) performed best among the doses tested at 
0.5 mg/l in all evaluated parameters. 

IBA at concentrations of 0.5 mg/L and 1.0 mg/L took the least time (8 - 10 
days) to induce root growth. At the same attention, Festival also had the most 
significant cultures number (7) and the most excellent length of roots (3.3 cm). 
Moreover, the most significant culture number (6) and the most excellent length 
of sources (3.0 cm) were obtained from the same concentration in RABI-3. In 
addition, the most significant number of roots/culture (5) and the longest seeds 
(3.0 cm) were obtained from the same concentration in Camarosa. On the other 
hand, the above three cultivars’ roots produced by other treatments were narrow. 
In the control treatment, no sources were generated. 

4. Discussion 

Explants taken from the mother plant’s active development are typically the easiest 
way to introduce cultures. In temperate locations, spring to early summer is often  
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Table 2. Three strawberry cultivars’ capacity to stimulate root growth in response to va-
rying IBA concentrations in half-strength MS medium cultivars. 

Cultivars 
Treatment 
IBA (mg/l) 

Days of root 
initiation 

Average number of 
roots/culture 

Average length of 
roots/culture (cm) 

Festival 

0.0 - - - 

0.5 8 - 10 7 3.3 

1.0 8 - 10 5 2.6 

1.5 10 - 12 2 1.9 

2.0 10 - 12 2 1.1 

RABI-3 

0.0 - - - 

0.5 8 - 10 6 3.0 

1.0 8 - 10 4 2.3 

1.5 10 - 12 2 1.6 

2.0 10 - 12 1 1.0 

Camarosa 

0.0 - - - 

0.5 8 - 10 5 3.0 

1.0 8 - 10 4 2.0 

1.5 10 - 12 2 1.33 

2.0 10 - 12 1 1.0 

 
the ideal period to harvest explants; on the other hand, there have been numer-
ous documented exceptions to this rule. 

There have been several studies about strawberry tissue culture published. 
According to Mahmood et al. [10], the medium enriched with BAP of 0.5 mg/L 
concentration showed an excellent shooting response in line with the current 
findings.  

Nevertheless, there were eight leaves, which is inconsistent with the available 
data, which only indicates five leaves. In their study, El-Sayed et al. [11] examined 
the effects of BAP on strawberry multiplication in vitro. They discovered that shoot 
proliferation was better with a lower concentration of BAP (0.5 mg/L) than with 
BAP at doses ranging from 1.0 mg/L - 3.0 mg/L. The current investigation shows 
the same outcomes at greater BAP concentrations (2.0 mg/L). At various BAP le-
vels, variations in plantlet growth stages were also seen. Three to four weeks after 
plantlets were injected with growing culture by Maliaricikova and Mokra, the 
formation of roots was detected [12]. 

Furthermore, Asahira and Kano achieved the same results in 1977 [13]. Root 
development was noticed two weeks after plantlet inoculation, which meant that 
these results did not have any similarities with the current findings. Boxus [14] 
observed that strawberry shoot tips cultivated on a mixture containing BA of 0.5 
mg·dm−3, GA of 0.1 mg·dm−3, and 6.4 g·dm−3 agar multiplied the number of shoots. 
Still, Lal et al. [15] also reported on the significance of BA in strawberry shoot 
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production and found that BAP at 4.0 mg/L enriched MS medium of growth 
produced the most shoots in each explant. 

The optimal root response was observed in IBA at 0.5 mg/L enriched media, 
whereas there was no rooting in a medium free from auxin. As a consequence of 
this effort, a strawberry micropropagation protocol was developed. However, for 
better advancement, this discovery could be applied to studies of plant genetic 
modification. Based on the effects of IBA on root response, the treatments with 
the lowest root reaction were IBA together with 0.5 mg/L, 1.0 mg/L, and 1.5 
mg/L concentrations. These results resemble those that Emara [16] previously 
reported in specific ways. A WHO study on the effect of the strength of MS on 
root length showed that full MS was associated with the highest adequate record, 
while the other powers had less influence. According to Kaushal et al. [17], straw-
berries were rooted at half the strength of MS using a concentration of IBA at 1.0 
mg/L. 

5. Conclusions 

Plantlet generation during propagation is significantly impacted by the number 
of shoots generated during the setting-up stage of culture, which also influences 
the number of nodes produced during the shoot multiplication stage. The current 
study uses runner-tip explants grown on various shoot-induction media to ex-
amine strawberry (Fragaria × ananassa Duch.) shoot production at the location 
of culture establishment. The culture media known as “shoot induction medium” 
contains plant growth regulators of the cytokinin type in larger ratios than those 
of the auxin type.  

The research’s main goal was to find the best medium for producing shoots from 
runner-tip culture at the early stages of culture establishment. Five BAP concen-
trations were utilized for the successful induction of shoots: 0.0 mg/L (Control), 
0.5 mg/L, 1.0 mg/L, 1.5 mg/L, and 2.0 mg/L; 5 IBA concentrations aim to start 
the commencement of roots: 0.0 mg/L (Control), 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, 
and 2.0 mg/L were applied. At a BAP concentration of 0.5 mg/L, the highest av-
erage number of the shoot (8) and length of the node (3.40 cm) were meas-
ured.  

Festival also had the highest average number of leaves (6) at the same concen-
tration, whereas RABI-3 and Camarosa had the worst performance. IBA at the 
rate of 0.5 mg/L outperformed the other four rooting concentrations in every 
metric tested. Festival produced the longest (3.3 cm) and most (7) roots from 
this concentration, although RABI-3 and Camarosa fared worse than Festival in 
the same attention. Half-strength MS media without the awareness of IBA had 
no effect on root induction for any of the three cultivars. 
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