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Abstract 
This study focused on enhancing crop yields, particularly in 

densely populated regions such as Bangladesh. Two widely grown 

potato cultivars, Diamant and Cardinal, were selected for 

enhancement through the in vitro culture of dedifferentiated tissue. 

The core objectives of the research encompassed callus induction, 

plant regeneration from callus to produce somaclonal varients, 

screening of somaclonal variants based on morphological 

characteristics, and field evaluations to assess growth and yield 

performance. 

Key findings highlighted the success of callus induction, with an 

impressive 98% yield for Diamant and 86% for Cardinal. This 

achievement was realized through the utilization of a semi-solid 

MS medium supplemented with 2.5 mg/l 2,4-D, where inter-nodal 

explants displayed superior responses. The optimal medium for 

shoot regeneration was identified as MS with 2.0 mg/l KIN and 0.5 

mg/l NAA, resulting in notable shoot regeneration rates of 86% for 

Diamant and 78% for Cardinal. In the field, Somaclones exhibited 

remarkable advantages. They displayed increased stem height, 

reaching 56.4 cm (Diamant) and 50.0 cm (Cardinal) after 70 days 

of planting, surpassing the heights of 49.6 cm (Diamant) and 44.2 

cm (Cardinal) observed in parental clones. Furthermore, mini-

tubers harvested from Somaclones were significantly heavier, 

averaging 361.0 g (Diamant) and 300.0 g (Cardinal), while parental 

clones produced mini-tubers with an average weight of 169.6 g 

(Diamant) and 159.3 g (Cardinal). Impressively, Somaclones also 

displayed a higher number of tubers per plant, producing 33.6 

(Diamant) and 30.2 (Cardinal), compared to parental clones, which 

yielded 18.6 (Diamant) and 14.9 (Cardinal) tubers per plant. 
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1. Introduction  

Potato (Solanum tuberosum L.) holds a significant position among annual crops and belongs to the Solanaceae family. Its 

origin can be traced back to the Andes, near the Peru-Bolivia border in South America [1, 2]. The role it plays in global food 

supply is crucial, ranking just below wheat, rice, and maize in terms of human consumption. This versatile crop is extensively 

cultivated across the world and provides sustenance to over a billion people in various countries  [3]. Notably, potato 

consumption has been on the rise, doubling every 10 to 15 years [4]. 

Bangladesh, one of the most densely populated countries globally, faces a distinct demographic challenge. Recent data from 

2023 reveals that approximately 1600 individuals inhabit every square kilometer of the country  [5]. With a total population of 

around 170 million and an annual growth rate of 1.2 percent, projections indicate that Bangladesh's population will reach 205 

million by 2050 [5]. This demographic shift, coupled with urbanization, housing development, and industrial expansion, is 

progressively diminishing the available land for crop production.  

Potato stands out as the highest yielding crop among major crops cultivated in Bangladesh. It surpasses rice by a factor of 4.28, 

wheat by 6.95, and maize by 2.93. Given its high nutritional value and energy production per unit area, potato cultivation plays 

a pivotal role in addressing global food crises. However, it's essential to note that only 0.89% of Bangladesh's arable land is 

currently allocated to potato cultivation, contributing approximately 7.6% to the total cultivated food crops  [6]. Despite its 

potential, potato production in Bangladesh falls short, with an average yield of 19.03 tons per hectare, considerably lower than 

yields in countries like France and Germany, where the average yield reaches 47.94 and 47.41 tons per hectare, respectively. 

Remarkably, South Korea has witnessed a remarkable increase in potato yield, advancing from 20.0 to 35.0 tons per hectare, 

primarily through the cultivation of improved potato varieties [7]. 
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To tackle the challenges of potato breeding, genetic engineering 

and in vitro screening offer promising solutions [8, 9]. However, 

concerns related to the health and environmental impacts of 

genetically modified foods have elevated the significance of in 

vitro screening as a primary biotechnological tool in potato 

breeding [10]. This method largely relies on genetic variations that 

emerge during in vitro conditions, known as somaclonal variations 

[11]. These variations can be attributed to factors such as point 

mutations, numerical and structural chromosomal changes, as well 

as epigenetic modifications, including DNA hypo- and 

hypermethylation [12]. Nonetheless, there is a need for further 

research to fully understand the molecular mechanisms underlying 

somaclonal variation [13]. 

Somaclonal variation provides a pathway to develop improved 

crop varieties. By generating a diverse range of somaclones and 

selecting those with desirable traits, plant breeders can accelerate 

the development of new cultivars [14]. This approach has been 

successfully applied in crops like potato and banana to create 

varieties with enhanced disease resistance, yield, and quality. 

Importantly, somaclonal variation can lead to the development of 

plants better adapted to environmental stress conditions [11], 

offering a valuable strategy in the face of climate change. 

One remarkable achievement in somaclonal variation involved an 

old potato variety. One hundred somaclones were produced from 

leaf protoplasts of Russet Burbank, and significant and stable 

variations were observed in growth habit, compactness, maturity 

date, tuber uniformity, tuber skin color, and photoperiodic 

requirements [15]. Notably, the increased tuber uniformity and early 

tuberization onset represented agronomic improvements over the 

parent variety. 

 

2. Materials and Methods 

Primary explants from potato varieties Diamant and Cardinal, 

including tubers and branches of field-grown plants, were collected 

from the Bangladesh Agricultural Research Institute (BARI) in 

Gazipur. Laboratory experiments were conducted at the Tissue 

Culture Laboratory within the Department of Biotechnology and 

Genetic Engineering, University of Development Alternative, 

Dhanmondi, Dhaka. Field experiments took place in the fields 

located in Pancahgarah and Thakurgawn district of Bangladesh. 

 

2.1 Preparing Parental Clone (Control) 

The process involved the culture of meristem in MS media 

supplemented with different auxins and cytokinins to induce shoot 

formation. Subsequently, these newly formed shoots were 

subcultured in every 28 days. These plants were then subjected to a 

hardening process using a potting mixture composed of soil, sand, 

and compost in a 1:1:1 (v/v) ratio. After successful acclimatization, 

the plants were transplanted into the screen house and utilized as 

the parental clone (control). 

 

2.2 Induction of Callus and Regeneration of Shoot  

For callus induction and shoot regeneration, leaves and internodes 

of in vitro virus-free plants were used as the primary explants. The 

growth medium for all experiments was Murashige and Skoog 

(MS) medium, supplemented with various concentrations and 

combinations of auxin and cytokinin.  

All cultures were maintained in a culture room with a 16/8 

light/dark photoperiod and a temperature of 25°C. After 4-6 weeks, 

calli were initiated, and approximately 8-10 mm² segments of 

callus were sub-cultured on the same medium at intervals of 2-3 

weeks. 

 

2.3 Screening of Somaclonal Variants 

In this study, in vitro-raised potato plants derived from callus were 

carefully examined under controlled culture conditions to identify 

somaclonal variants based on distinctive morphological traits. 

These variants were subsequently labeled as Somaclonal Variants 

line ‘SD1-SD10’ for Daimant and ‘SC1-SC10’ for Cardinal. To 

ensure the robustness of all regenerants, they were subjected to a 

hardening process using a potting mixture composed of soil, sand, 

and compost in a 1:1:1 (v/v) ratio. Following this hardening phase, 

the acclimatized plants were successfully transplanted into the 

field. Somaclonal variants are easily identifiable based on specific 

morphological attributes, such as plant height, leaf morphology, 

and the presence of abnormal pigmentation [16]. For example, a 

somaclonal variant of sweet cherry (Prunus avium) was 

characterized by evaluating parameters such as plant vigor, leaf 

morphology, stomatal density, photosynthetic activity, floral bud 

formation, and the size, shape, and color of the fruit [17]. 

 

2.4 Field Assessment of Somaclones for Growth and Yield and 

Comparison with Parental Clones (Control)  

The isolated somaclonal variants, after hardened state, were 

introduced into the screen house to assess various morphological 

characteristics. These included plant height, the number of 

branches, the number of tubers per plant, mean diameter of mini-

tuber and the total tuber weight per plant, all in their first 

generation in screen house following the in vitro phase. A 

comparative analysis was performed between the somaclonal 

variants and the normal regenerants or control plants. 

 

2.5 Data Collection 

Data for shoot tip culture, callus formation, and plant regeneration 

from callus were collected and recorded after 28 days of culture. 

The results represent the means of three consecutive experiments. 

For the field evaluation of somaclones and controls, data from ten 

plants in each of five beds were collected based on plant 

morphology, plant height, number of branches, and plant vigor. 

Each data point presented is the mean of 50 plants. Data for shoot 

length and the number of branches were collected after 70 days of 

planting, while other measurements were taken after 90 days of 

planting. 

 

2.6 Data Analysis 

The data obtained from this study underwent rigorous statistical 

analysis. One-way analysis of variance (ANOVA) was employed 

to assess the variation between different treatments. Significance 

between any two means was determined at a chosen probability 

level of p = 0.05, using the Duncan’s Multiple Range Test 

(DMRT). The statistical software SPSS version 15.0 was utilized 

for these analyses. 

 

3. Results and Discussion 

3.1 Callus Response 

A notable 98% of Diamant explants and 86% of Cardinal explants 

displayed a robust and substantial callus formation within a span of 

14-18 days. This is found when the explants were cultured in a 

semi-solid MS medium supplemented with 2.5 mg/l 2,4-D. 

Comparing the two types of explants, inter-node explants yielded 

superior results, with a 98% success rate for Diamant and an 86% 

success rate for Cardinal. Leaf explants exhibited a slightly lower 

but still significant rate, with an 80% success rate for Diamant and 

a 70% success rate for Cardinal, both cultured in an MS medium 

supplemented with 2.5 mg/l 2,4-D (Table1, 2). 
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Table 1: Effect of different concentration of auxin and cytokin in MS medium for response of callus from inter-node and leaf explants of 

Diamant. Data were recorded up to 28 days of culture 
 

Explant 

source 

Growth Regulators 

mg/l 

Days to callus 

initiation 

Percent (%) of explants formed 

callus 

Callus 

texture 

Callus 

color 

Degree of callus 

formation 

Inter-node 

Diamant 

2-4,D 

2.5 14 98 Compact LG +++ 

3.0 20 90 Compact G +++ 

BA + NAA 

1.0 + 1.0 16 92 Compact G +++ 

1.5 + 1.5 20 80 Compact B +++ 

KIN + NAA 

1.0 + 1.0 20 46 Friable G +++ 

1.0 + 1.5 16 45 Friable LG ++ 

2-4,D + BAB 

2.5 + 0.5 20 55 Friable G +++ 

3.0 + 0.5 25 45 Friable LG ++ 

Leaves 

Diamant 

2-4,D 

2.5 22 70 Compact G +++ 

3.0 20 80 Compact LG +++ 

BA + NAA g/l 

1.0 + 1.0 20 72 Compact G +++ 

1.5 + 1.5 20 75 Compact B ++ 

KIN + NAA 

1.0 + 1.0 20 36 Friable G +++ 

1.0 + 1.5 20 35 Friable LG ++ 

2-4,D + BAB 

2.5 + 0.5 20 45 Friable B + 

2.5 + 1.0 26 40 Friable B ++ 

B-Brown, LG-Light green, G-Green; +: Trace callus,++: Moderate callus,+++: Massive callus 

 

Table 2: Effect of different concentration of auxin and cytokin in MS medium for response of callus from inter-node and leaf explants of 

Cardinal. Data were recorded up to 28 days of culture 
  

Explant 

source 

Growth Regulators 

mg/l 

Days to callus 

initiation 

Percent(%) of explants 

formed callus 
Callus texture Callus color 

Degree of callus 

formation 

Inter-node 

Cardinal 

2-4,D 

2.5 18 86 Compact LG ++ 

3.0 20 78 Compact G +++ 

BA + NAA 

1.0 + 1.0 20 75 Compact G +++ 

1.5 + 1.5 18 65 Compact B ++ 

KIN + NAA 

1.0 + 0.5 20 40 Friable G +++ 

1.0 + 1.5 16 38 Friable LG ++ 

2-4,D + BAB 

2.5 + 0.5 24 45 Friable G +++ 

3.0 + 0.5 26 40 Friable LG ++ 

Leaves 

Cardinal 

2-4,D 

2.5 25 65 Compact G +++ 

3.0 22 70 Compact LG ++ 

BA + NAA 

1.0 + 1.0 20 75 Compact G +++ 

1.0 + 1.5 26 60 Compact LG ++ 

KIN + NAA 

2.5 + 0.5 24 45 Friable G +++ 

3.0 + 0.5 26 40 Friable LG ++ 

2-4,D + BAB 

2.5 + 0.5 20 40 Friable B + 

3.0 + 0.5 25 30 Friable LG ++ 

B-Brown, LG-Light green, G-Green; +: Trace callus,++: Moderate callus,+++: Massive callus 

 

The induction of callus involves a dramatic transformation in the 

appearance and metabolic activity of cells [18]. This process results 

in the disorganization of cultured cells and is believed to stem from 

the disruption of intercellular physical and chemical 

communication [19]. Somaclonal variation represents a valuable 

source of genetic diversity for crop improvement, potentially 

offering traits like disease resistance, improved quality, and 

increased yield [14, 20]. Numerous researchers have been working to 

optimize the concentrations of growth regulators for potato 

regeneration, leading to significant progress in potato callus 

induction and plant regeneration [21-25]. 

Auxin 2, 4-D, either alone or in combination with cytokinins, has 

been widely employed to enhance callus induction and 

maintenance [26]. 2, 4-D is found suitable for callus induction from 

internode and leaf explants of four potato cultivars, including 

Diamant, among all concentrations and combinations, 2,4-D at 3.0 

mg/l was the most effective auxin concentration for callus 

induction across all cultivars [24]. Internode segments exhibited a 
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greater potential for callus induction and plant regeneration than 

leaf explants. The most favorable callusing response for both 

explant types was observed when the MS medium was 

supplemented with 2, 4-D [24]. 

 

3.2 Shoot Regeneration and Multiplication from Callus 

The optimal medium for shoot regeneration was found to be one 

supplemented with 2.0 mg/l KIN (Kinitin) and 0.5 mg/l NAA 

(Naphthalene Acetic Acid). Under these conditions, Diamant 

displayed an impressive 85% shoot regeneration from callus, 

yielding an average of 6.2 shoots per callus. Cardinal also 

exhibited substantial regeneration, with a rate of 78% and an 

average of 5.5 shoots per callus. These shoots reached lengths of 

8.4 cm in Diamant and 8.6 cm in Cardinal, each carrying an 

average of 13.4 and 13.0 leaves, respectively (Table 3, Fig 1, 2). 

The necessity of cytokinins for shoot initiation has been well-

documented in the literature [27, 28]. In this study, shoot regeneration 

was observed within two weeks from calli cultured on an MS 

medium containing 0.1-1.0 mg/l IAA (indole-3-acetic acid) and 2-

10 mg/l BAP (benzylaminopurine) [29]. Plantlets were successfully 

regenerated from stem and shoot tip-derived callus by utilizing 

kinitin and IAA in an MS medium [30]. Regeneration of plantlet 

from shoot segments was achieved for four potato cultivars, with 

the highest number of plantlet formations recorded on an MS 

medium supplemented with kinitin and NAA [31]. 

 

Table 3: Effect of auxin and cytokinin on shoot regeneration & multiplication from callus of Diamant and Cardinal. Data were recorded up 

to 28 days of culture 
 

Cultivar 
Growth Regulators 

mg /l 

Days to shoot 

initiation 

Percent (%) of callus 

with shoot 
No. of shoot / callus 

Shoot length 

(cm) 

No. of leaves 

/shoot 

Diamant 

BAP 

2.5 35 45 2.2±0.27a 2.8±0.11a 5.0±0.31a 

3.0 25 50 3.2±0.37b 3.4±0.12a 7.0±0.31b 

KIN 

3.0 30 58 3.4±0.24b 3.5±0.11a 6.8±0.24a 

4.0 25 66 3.8±0.37b 4.0±0.12b 7.5±0.31b 

BAP + NAA 

2.0 + 0.5 25 70 5.4±0.40d 7.2±0.09e 12.0±0.71e 

3.0 + 1.0 45 45 2.0±0.31a 3.0±0.23a 6.2±0.37a 

KIN + NAA 

2.0 + 0.5 20 85 6.2±0.31e 8.4±0.07f 13.4±0.68e 

2.0 + 1.0 28 60 4.6±0.50c 7.5±0.16e 10.8±0.58c 

BAP + IAA 

2.0 + 1.0 30 45 3.4±0.24b 4.5±0.12b 6.0±0.51a 

2.5 + 0.5 30 50 3.8±0.40b 5.2±0.09c 7.2±0.71b 

KIN + IAA 

2.5 + 0.5 22 60 4.0±0.50c 6.4±0.16d 8.4±0.58c 

2.5 + 1.0 25 50 3.6±0.31b 5.7±0.07c 7.8±0.68b 

Cardinal 

BAP 

2.5 38 48 2.0±0.27a 2.5±0.11a 5.0±0.31a 

3.0 28 50 3.0±0.37b 3.2±0.12a 6.6±0.31a 

KIN 

3.0 37 60 3.2±0.24b 3.3±0.11a 6.2±0.24a 

4.0 28 62 3.5±0.37b 4.0±0.12b 7.0±0.31b 

BAP + NAA 

1.0 + 1.5 26 68 4.6±0.40c 7.0±0.09d 11.0±0.71d 

2.0 + 1.0 35 65 4.2±0.24c 6.4±0.12d 9.0±0.51c 

KIN + NAA 

2.5 + 0.5 22 78 5.5±0.31d 8.6±0.07f 12.6±0.68e 

3.0 + 1.0 30 70 4.2±0.50c 7.5±0.16e 11.1±0.58d 

BAP + IAA 

2.0 + 1.0 32 48 4.0±0.24c 5.3±0.12c 7.5±0.51b 

2.5 + 0.5 28 55 4.0±0.40c 7.0±0.09d 8.4±0.71c 

KIN + IAA 

2.5 + 0.5 30 60 4.2±0.50c 7.5±0.16e 10.4±0.58d 

2.5 + 1.0 30 55 4.0±0.31c 7.0±0.07d 9.4±0.68c 

Mean ± SE (standard error) values with similar letter in the same column denotes no significant differences at p ˃ 0.05 

 

   
 

 Fig 1: Initiation of plantlets from de-differentiated tissues Fig 2: Multiplication callus regenerated plantlets 
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3.3 Field Assessment of In vitro Raised Parental Clones 

(control) and Somaclones for Growth and Yield 

In the case of plant height, somaclones exhibited an average height 

of 56.4 cm for Diamant and 50.0 cm for Cardinal, while parental 

clones (control) reached heights of 49.6 cm for Diamant and 44.2 

cm for Cardinal after 60 days of planting (Table 4, 5 and Fig 3, 4). 

 

Table 4: Various parameters of meristem-derived plants of parental clone (control) of cultivars Diamant and Cardinal. Data for shoot length 

and the number of branches were recorded after 70 days of planting, while other measurements were taken after 90 days of planting 
 

Control Lines Stem height (cm) No. of Branches per plant 

No. of 

mini-tuber 

per plant 

Mean 

Diameter of mini-tuber (mm) 

Mean 

Weight of mini-tuber 

per plant (g) 

Cultivar 

Diamant 
    

D1 42.5b 1.7a 15.6±1.45b 30.0±0.33a 146.6±1.20b 

D2 45.6c 2.1b 12.0±1.15a 35.0±0.33b 145.0±1.56b 

D3 40.2a 1.6a 13.0±0.57a 38.0±0.13b 156.1±1.16c 

D4 45.6c 1.9b 15.3±0.88b 33.0±0.57a 135.2±1.29a 

D5 41.5b 1.8a 18.0±0.57d 39.3±0.57c 160.3±0.88c 

D6 49.6d 2.3c 18.5±0.57d 40.1±0.57c 169.6±0.88e 

D7 43.5b 2.0b 18.2±0.53d 40.0±0.18c 164.8±1.91d 

D8 38.3a 2.0b 16.3±0.88c 38.0±0.57b 148.2±0.41b 

D9 44.4b 2.1b 17.0±0.57c 30.0±0.33a 140.7±1.17a 

D10 47.2c 2.1b 18.0±1.54d 39.0±0.57c 165.8±0.44d 

Cultivar 

Cardinal 
     

C1 40.5c 1.1b 10.0±0.57b 36.0±0.33b 142.3±0.88c 

C2 38.4b 1.0a 9.3±0.33a 20.0±0.10a 131.0±0.57b 

C3 44.1d 2.0c 14.9±0.21d 45.4±0.33d 159.2±0.88d 

C4 43.4c 2.0c 12.1±0.57c 43.0±0.15d 154.1±1.51d 

C5 42.5c 2.0c 11.0±0.57b 40.0±0.33c 144.8±0.72c 

C6 42.2c 1.9c 11.4±0.88b 38.0±0.33c 141.6±0.88c 

C7 36.2b 1.0a 10.6±0.66b 34.0±0.33b 129.0±0.57b 

C8 32.6a 1.0a 8.0±0.57a 30.0±0.33b 122.6±0.88a 

C9 28.6a 0.8a 7.6±0.33a 26.0±0.33a 113.0±0.57a 

C10 41.3c 2.0c 13.0±0.57c 43.0±0.33d 150.6±0.88c 

Mean ± SE (standard error) values with similar letter in the same column denotes no significant differences at p ˃ 0.05 

 

Table 5: Various parameter of Callus derived plants (Somaclone) of cultivar Diamant and Cardinal. Data for shoot length and the number of 

branches were recorded after 70 days of planting, while other measurements were taken after 90 days of planting 
 

Somaclone 

Lines 
Stem height (cm) No. of Branches 

No. of mini-tuber 

per plant 

Mean Diameter of mini-

tuber (mm) 

Mean Weight of mini-

tuber per plant (g) 

Cultivar 

Diamant 
     

SD1 52.5b 3.5a 29.0±0.57a 56.0±0.31b 300.0±0.57b 

SD2 43.4a 3.3a 25.6±0.88a 53.0±0.66a 255.3±0.33a 

SD3 50.2b 3.7b 31.0±0.58b 53.0±0.33a 314.3±0.33c 

SD4 50.6b 3.8b 29.3±0.33a 59.0±0.31c 301.1±0.67b 

SD5 51.5b 4.0c 31.6±0.88b 56.0±0.33b 320.8±0.59c 

SD6 55.2c 4.2c 32.1±0.58b 60.0±0.33c 325.0±0.57c 

SD7 47.1a 3.7b 30.3±0.33b 58.0±0.33b 305.0±0.58b 

SD8 55.3c 4.3c 32.3±0.33b 60.0±0.31c 332.0±0.29c 

SD9 56.3c 4.5d 33.6±0.57c 63.0±0.31d 361.0±1.21d 

SD10 49.3b 3.6a 31.0±0.93b 60.0 ±0.45c 331.8±1.21c 

Cultivar 

Cardinal 
     

SC1 40.5a 2.3a 23.4±0.57a 55.0±0.31a 240.0±0.57b 

SC2 45.4b 2.5a 21.6±0.88a 58.0±0.66a 222.3±0.33a 

SC3 47.1c 3.1b 26.5±0.58b 56.0±0.33a 278.3±0.33d 

SC4 41.6a 2.4a 24.3±0.33b 60.0±0.31b 254.1±0.67b 

SC5 43.5b 3.1b 26.2±0.88b 62.0±0.33b 257.8±0.59c 

SC6 44.2b 3.3b 27.1±0.58c 61.0±0.33b 270.0±0.57c 

SC7 49.0c 3.7c 29.1±0.33c 67.0±0.33c 298.0±0.58e 

SC8 47.3c 3.4c 28.0±0.33c 65.0±0.31c 284.0±0.29d 

SC9 42.6a 3.0b 25.0±0.67b 63.0±0.21b 260.0±0.57c 

SC10 50.0d 3.9d 30.2±0.33d 68.0±0.21d 300.0±0.88e 

Mean ± SE (standard error) values with similar letter in the same column denotes no significant differences at p ˃ 0.05 
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Fig 3: In vitro raised parental clone and somaclone in the screen 

house after 7 days of transfer 

  

 
 

Fig 4: Potato plants in screen house after 60 days 

 

 
 

Fig 5: Harvest of minituber after 90 days (Diamant) 

 

 
 

Fig 6: Harvest of minituber after 90 days (Cardinal). 

The weight of mini-tubers per plant was notably higher in 

somaclones, with 361.0 gm for Diamant and 300.0 gm for 

Cardinal, as opposed to 169.6 gm for Diamant and 159.3 gm for 

Cardinal in parental clones. Similarly, somaclones outperformed 

parental clones in terms of the number of tubers per plant, 

recording 33.6 tubers for Diamant and 30.2 tubers for Cardinal, 

while parental clones produced 18.6 tubers for Diamant and 14.9 

tubers for Cardinal. Mini-tubers for cv. Monalisa was successfully 

generated and compared their yield potential to that of normal seed 

tubers in a field experiment, achieving mini-tubers ranging from 

355 g to 380 g per plant in different varieties [32-34].  

 

4. Conclusion    

Potato (Solanum tuberosum L.) is a vital non-cereal crop, playing a 

crucial role in global food security. In densely populated countries 

like Bangladesh, where arable land is under increasing pressure 

due to urbanization and industrialization, achieving efficient potato 

production is essential. Potato exhibits a higher yield potential 

compared to other major crops in Bangladesh. However, there is 

room for improvement to meet growing demands. Biotechnology, 

specifically somaclonal variation through tissue culture, provides a 

promising avenue for enhancing potato cultivars. 

This study focuses on two popular potato cultivars, Diamant and 

Cardinal, and explores the application of in vitro culture of 

dedifferentiated tissue for somaclonal variation. The research 

encompasses callus induction, plant regeneration from callus, and 

field evaluations of regenerated plants. The morphological traits of 

somaclones, such as plant height, leaf number, branch number, 

tuber number, and total tuber weight per plant, are evaluated. 

The results indicate successful callus induction and shoot 

regeneration, with notable variation between Diamant and 

Cardinal. Somaclonal variants exhibit enhanced traits in the first 

generation compared to parental clones, showing potential for yield 

improvement. These findings underscore the significance of 

somaclonal variation in potato breeding programs, providing a 

valuable tool for crop improvement. The study presents a 

comprehensive examination of the use of biotechnology to enhance 

potato cultivars, offering insights into addressing food security 

challenges, especially in densely populated region. 

 

5. References 

1. Ahmed KU. Potato for the tropics. West of Agricultural 

Laboratory. Farm Gate, Dacca-15 Bangladesh, 1977. 

2. Horton D. Potatoes: Production, Marketing and Programs for 

Developing Countries. Westview Press (Boulder), IT 

Publications (London), 1987, p243. 

3. Khurana SMP, Minhas JS, Pandey SK. The Potato: 

Production and utilization in subtropics. Mehta Publishers, 

New Delhi, India, 2003, p445. 

4. International Potato Center (CIP), 1984. 

https://cipotato.org/publications/cip-annual-report-1984  

5. Bangladesh Bureau of Statistics (BBS), 2020. Population 

Data. https://bbs.portal.gov.bd  

6. Bangladesh Bureau of Statistics (BBS), 2020 and Department 

of Agricultural Extension (DAE), 2021. 

https://bbs.portal.gov.bd and http://www.dae.gov.bd  

7. Joung H, Jeon JH, Park SW, Kim S. Potential impact of mass-

produced potato microtubers on conventional potato 

agriculture. Paper presented at the International Plant Tissue 

Culture Conference. Botany Department of Dhaka University, 

1993. 

8. Ashrafzadeh S, Leung DW. Novel Potato Plants with 

Enhanced Cadmium Resistance and Antioxidative Defence 

Generated after in vitro Cell Line Selection. PLoS 

ONE. 2017; 12:e0185621.  

9. Ricroch AE, Hénard-Damave MC. Next Biotech Plants: New 

Traits, Crops, Developers and Technologies for Addressing 

Global Challenges. Crit. Rev. Biotechnol. 2016; 36:675-690. 

10. Karalis DT, Karalis T, Karalis S, Kleisiari AS. Genetically 

Modified Products, Perspectives and Challenges. Cureus. 

2020; 12:e7306. 

http://www.multiresearchjournal.com/
https://cipotato.org/publications/cip-annual-report-1984
https://bbs.portal.gov.bd/
https://bbs.portal.gov.bd/
http://www.dae.gov.bd/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

775 

11. Larkin PJ, Scowcroft WR. Somaclonal variation-a novel 

source of variability from cell cultures for plant improvement. 

Theoretical and Applied Genetics. 1981; 60:197-214. 

12. Krishna H, Alizadeh M, Singh D, Singh U, Chauhan, N, 

Eftekhari M, Sadh RK. Somaclonal Variations and Their 

Applications in Horticultural Crops Improvement. 3 Biotech. 

2016; 6:p54.  

13. Albiski F, Najla S, Sanoubar R, Alkabani N, Murshed R. In 

vitro Screening of Potato Lines for Drought Tolerance. 

Physiol. Mol. Biol. Plants. 2012; 18:315-321. 

14. Karp A. Somaclonal variation as a tool for crop improvement. 

Euphytica. 1995; 85:295-302.  

15. Shepard JF, Bidney D, Shahin E. Potato protoplasts in crop 

improvement. Science 1980; 208:17-24. 

16. Israeli Y, Reuveni O, Lahav E. Qualitative aspects of 

somaclonal variations in banana propagated by in vitro 

techniques. Scientia Horticulturae. 1991; 48:71-88. 

17. Piagnani MC, Maffi D, Rossoni M, Chiozzotto R. 

Morphological and physiological behavior of sweet cherry 

'somaclone' HS plants in the field. Euphytica. 2008; 160:165-

173. 

18. Aitchison PA, MacLeod AJ, Yeoman MM. Growth patterns in 

tissue (callus) cultures. In HE Street (Ed.), Plant Tissue and 

Cell Culture. Blackwell Sci. Pub. Oxford, 1978, 267-306. 

19. Lindsey K, Jones MGK. Plant Biotechnol. in Agric. John 

Willey and Sons Ltd. England, 1992, p241. 

20. Predieri S. Mutation induction and tissue culture in improving 

fruits. Plant Cell Tissue Organ Culture. 2001; 64:185-210. 

21. Dobranszki J, Takacs HA, Magyar TK, Ferenczy A. Effect of 

the medium on the callus forming capacity of different potato 

genotypes. Acta Agronomica Hungarica.1999; 47:59-61. 

22. Fiegert A, Mix-Wagner G, Vorlop K. Regeneration of 

Solanum tuberosum L. cv. Tomensa: Induction of somatic 

embryogenesis in liquid culture for the production of artificial 

seeds. 2000; 50:199-202. 

23. Khatun A, Nasrin S, Hossain MM, Alam MF, Mondal RK. 

Induction and evaluation of somaclonal variation in potato 

(Solanum tuberosum L.). Online Journal of Biological 

Sciences. 2003; 3:183-190. 

24. Shirin F, Hossain M, Kabir MF, Roy M, Sarker SR. Callus 

Induction and Plant Regeneration from Internodal and Leaf 

Explants of Four Potato (Solanum tuberosum L.) cultivars. 

World J. Agric. Sci. 2007; 3(1):1-6. 

25. Yasmin S, Nasiruddin KM, Begum R, Talukder SK. 

Regeneration and establishment of potato plantlets through 

callus formation with BAP and NAA. Asian J. Plant Sci. 

2003; 2(12):936-940. 

26. Castillo AM, Egana B, Sanz JM, Cistue L. Somatic 

embryogenesis and plant regeneration from barley cultivars 

grown in Spain. Plant Cell Reports. 1998; 17:902-906. 

27. Evans DA, Sharp WR, Bravo JE. Cell culture methods for 

crop improvement. In Handbook of Plant Cell Culture (Sharp 

WR, Evans DA, Ammirato PV, and Yamada Y (eds.), 

Macmillan, New York. 1984; 2:47-68. 

28. Beck MJ, Caponetti JD. The effects of kinetin and 

naphthalene acetic acid on in vitro shoot multiplication and 

rooting in the fish tail fern. American Journal of Botany. 

1983; 70:1-7. 

29. Islam R, Riazuddin S. Shoot organogenesis in chickpea (Cicer 

arietinum L.) from callus culture of hypocotyle explants. 

Journal of Bio-Sciences. 1993; 1:1-5. 

30. Wang PJ, Huang LC. Callus cultures from potato tissue and 

the exclusion of potato virus X from plants regenerated from 

stem tips. Canadian J. Bot. 1975; 53:565-567. 

31. Maroti M, Rudolf J, Bognor J, Pozsar BI. In vitro plantlets 

from potato shoot segments. Acta Botanica Academiae 

Scientiarum Hungaricae. 1982; 28:127-132. 

32. Ranalli P, Bassi F, Ruaro G, DelRe P, Candilo MD, 

Mandolino G. Microtuber and minituber production and field 

performance compared with normal tubers. Potato Res. 1994; 

37:383-391. 

33. Karafyllidis DI, Georgakis DN, Stavropoulos NI, Nianiou EX, 

Vezyroglou IA. Effect of planting density and size of potato 

seed-minitubers on their yielding capacity. Acta Horticulturae. 

1997; 462:943-949. 

34. Love SL, Novy RG, Whitworth J, Corsini DL, Pavek JJ, 

Mosley AR, et al. GemStar Russet: A potato variety with high 

yield, good culinary quality, excellent fresh market 

appearance, and resistance to common scab. American Journal 

of Potato Research. 2004; 83:171-180. 

 

 

http://www.multiresearchjournal.com/

