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ABSTRACT

	In global food security, nutrition, and rural livelihoods development, tuber crops such as potato, cassava, sweet potato, yam, and taro play a critical role. Due to various challenges in conventional propagation methods, micropropagation has emerged as a promising biotechnological approach for the rapid and large-scale production of disease-free, genetically uniform plantlets. This study systematically reviews and compares micropropagation protocols across five major tuber crops, such as potato, Cassava, Taro, Sweet Potato, and Yam, by analysing key parameters such as explant type, culture medium, plant growth regulators, and type of regeneration. A comprehensive analysis of selected research articles reveals both commonalities and crop-specific variations in tissue culture practices. Most protocols rely on Murashige and Skoog (MS) medium, with nodal segments and shoot tips being the preferred explants. Cytokinins such as BAP (Benzyl Amino Purine), often in combination with auxins like NAA (1-Naphthaleneacetic Acid) or IAA (Indole Acetic Acid), are widely used to induce organogenesis. The findings underscore the adaptability of micropropagation techniques to different tuber crops and highlight the importance of optimised hormone combinations and explant choices. These insights provide a valuable foundation for standardising and improving in vitro propagation systems aimed at sustainable production and genetic improvement of tuber crops. Finally, this review concludes that micropropagation is essential for rapid, disease-free, and large-scale multiplication of the selected crops. Through tissue culture techniques such as shoot tip culture, somatic embryogenesis, and nodal segment culture, high-quality planting materials can be produced efficiently, which will contribute to the sustainable production of tuber crops. 
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1. INTRODUCTION 

Tuber crops represent a vital group of root and underground stem-bearing plants that are cultivated primarily for their storage organs, which are rich in carbohydrates and serve as important dietary staples across many parts of the world. They are indispensable for global food systems, especially in regions prone to food insecurity. These crops, potato (Solanum tuberosum), cassava (Manihot esculenta), sweet potato (Ipomoea batatas), taro (Colocasia esculenta), and yam (Dioscorea spp.), play crucial roles in food security, nutrition, and income generation, particularly in tropical and subtropical regions (FAO, 2021). Collectively, tuber crops contribute significantly to the global carbohydrate supply, with cassava and potato ranking among the top ten food crops worldwide (Scott et al., 2000). The importance of these crops lies in their adaptability to marginal soils, resilience under stress conditions, and high caloric yield per hectare. For instance, cassava can tolerate drought and low soil fertility, making it a vital food source in sub-Saharan Africa (El-Sharkawy, 2004). Sweet potato, known for its high vitamin A content in orange-fleshed varieties, is cultivated widely in Asia and Africa and has proven its utility in combating malnutrition (Low et al., 2009). Similarly, taro and yams hold cultural and economic significance in Pacific Islands and West Africa, respectively, providing both food and income through local and international trade (Lebot, 2009).

Despite their importance, tuber crops face several challenges in propagation and cultivation. Conventional methods such as vegetative propagation using tubers, stem cuttings, or corms often result in the spread of pests and diseases, particularly viruses (Loebenstein, 2001). Moreover, bulky planting material, low multiplication rates, and long propagation cycles hinder the rapid dissemination of improved varieties. Micropropagation offers a powerful alternative for the rapid, disease-free, and large-scale multiplication of these crops (Hasnain et al., 2022; Chukwu et al., 2025). Plant micropropagation, also known as plant tissue culture, technique involves aseptic culturing of explants, such as apical or axillary meristems, or other parts of the plant body on chemically defined nutrient medium, and maintaining the cultures in controlled environmental conditions for temperature, light, and humidity (Murthy et al., 2023; Baby et al., 2024). Through tissue culture techniques such as shoot tip culture, somatic embryogenesis, and nodal segment culture, high-quality planting materials can be produced efficiently (Roca & Nair, 1992). For example, potato micropropagation using nodal cuttings or shoot apices under controlled conditions enables virus-free plantlet production on a commercial scale (Ranalli, 2007). Similarly, cassava propagation via meristem or nodal culture ensures genetic stability and elimination of latent viral infections (Ceballos et al., 2010). Sweet potato regeneration through nodal and stem explants has proven successful in generating high multiplication rates with strong rooting (Vollmer et al., 2022). For taro and yam, tissue culture allows conservation of germplasm and rapid clonal propagation of elite cultivars, particularly those vulnerable to diseases like leaf blight or anthracnose (Sharma & Mukhopadhyay, 2012; Mantell et al., 1983)

2. Micropropagation of potato
Potato (Solanum tuberosum) is one of the world’s most important food crops, ranking fourth in global consumption after rice, wheat, and maize. This crop contributes to food security on a global scale, due to its wide adaptability to various climates and soils, its yield capacity, and as a processed product with high commercial value (Zhang et al., 2023; Devaux et al., 2020). It is cultivated on approximately 19–20 million hectares worldwide, with an annual production of around 370–380 million tonnes. Major producers include China, India, Russia, and the United States (FAO, 2021). Despite its high yield potential of over 100 tonnes per hectare under ideal conditions, the global average yield remains around 17.5 t/ha. This gap is largely due to factors such as the use of low-quality seed tubers, suboptimal agronomic practices, limited fertiliser application, and significant post-harvest losses (Devaux et al., 2014). Countries like India and Ethiopia often report yields ranging from 13 to 23 t/ha, well below the 40+ t/ha recorded in developed nations such as the Netherlands and New Zealand (FAO, 2021). Research indicates that improved agricultural practices, including optimal planting depth, effective nutrient management, and timely earthing up, can increase yields by 10–20% (Meena et al., 2018).
Beyond its agronomic value, the potato plays a critical role in food and nutritional security. It is a rich source of carbohydrates and provides essential vitamins and minerals, including vitamin C, potassium, vitamin B6, iron, and dietary fibre (Camire et al., 2009). A medium-sized boiled potato (≈150 g) delivers about 110 calories, 26 grams of carbohydrates, and over 25% of the recommended daily intake of vitamin C, making it a highly efficient source of energy and nutrients (USDA, 2020). The potato’s short growing season (90–120 days), adaptability to diverse climates, and high energy output per hectare make it particularly valuable in regions with limited food resources (Scott & Suarez, 2012). Its uses are highly diverse: about two-thirds of the global harvest is consumed fresh, while the remainder is processed into chips, fries, starch, industrial alcohol, and animal feed (CIP, 2020). This multifunctional role, along with its contribution to rural livelihoods and employment, underscores the potato’s importance in both subsistence and commercial agriculture.

The micropropagation of potato has been extensively studied using various explants, media compositions, and techniques to optimise plant regeneration and multiplication (Regni et al., 2025). Hosoki and Sagawa (1992) demonstrated efficient shoot and root formation from shoot tips on Murashige and Skoog (MS) medium with 1.0 mg/L BA or BAP (Benzyl Amino Purine) and 0.1 mg/L 1-Naphthaleneacetic Acid (NAA), achieving results in three weeks with minimal callus formation. Akita and Takayama (1994) used nodal segments with MS + 1.0 mg/L BAP, reporting direct and efficient shoot multiplication. Sarker and Mustafa (1996) obtained multiple shoots from axillary buds on MS with 0.5 mg/L kinetin and 0.2 mg/L Indole Acetic Acid
(IAA). Kumar and Roy (1999) achieved high multiplication and stable growth from shoot tip and nodal segments using MS + 1.5 mg/L BAP and 0.1 mg/L NAA, with rooting on hormone-free medium. Zapata and Kumar (2003) regenerated shoots indirectly via callus from leaf segments on MS with 2.0 mg/L BAP and 0.5 mg/L NAA, though somaclonal variation was observed. Banerjee and Kole (2005) used single-node cuttings on MS + 1.0 mg/L BAP and 0.2 mg/L Gibberellic Acid (GA3), promoting direct shoot and root formation with high elongation. Ray and Bhattacharya (2008) found consistent shoot elongation and rooting across genotypes using shoot apices on MS + 1.0 mg/L BAP and 0.1 mg/L IAA. Molla and Islam (2010) reported rapid multiplication through multiple shoot clusters from axillary buds on MS + 1.5 mg/L BAP and 0.2 mg/L IAA. Chakraborty and Saha (2013) standardised a protocol using nodal explants on MS + 1.0 mg/L BAP and 0.1 mg/L GA3, producing uniform plantlets with long shoots and roots. Ahmed and Hossain (2017) noted vigorous growth and callus formation from shoot tips on MS + 2.0 mg/L BAP and 0.5 mg/L NAA. Singh and Kaur (2019) produced healthy, virus-free shoots and roots from meristem tips using MS + 1.0 mg/L BAP and 0.05 mg/L NAA. Joshi and Verma (2021) developed a reproducible and genotype-independent protocol using shoot tips on MS + 1.2 mg/L BAP and 0.2 mg/L IAA for multiplication and MS + 0.1 mg/L NAA for rooting. Gupta and Mehra (2023) enhanced shoot induction and morphology using nodal segments on MS + 1.5 mg/L BAP and 0.2 mg/L AgNO3, reducing vitrification. Finally, Das and Mallick (2024) utilised a temporary immersion bioreactor with axillary buds in liquid MS + 1.0 mg/L BAP and 0.1 mg/L NAA, enabling scalable, high-frequency shoot regeneration. Collectively, these studies highlight the critical role of explant type, growth regulator combinations, and culture systems in optimising potato micropropagation for both research and commercial purposes.
3. Micropropagation of Cassava
Cassava (Manihot esculenta Crantz) is a critical tropical root crop cultivated in more than 100 countries, particularly across Africa, Asia, and Latin America, where it significantly contributes to food security and rural livelihoods. Attributes such as rusticity, tolerance to drought, harvest flexibility and low input requirements make cassava an important crop for food and nutritional security (Muiruri et al., 2021). It is grown on approximately 26–28 million hectares globally, with an annual production exceeding 330 million tonnes. Major producers include Nigeria, the Democratic Republic of Congo, Thailand, and Indonesia (FAO, 2021; Nassar & Ortiz, 2007). Although the global average yield is around 12–13 tonnes per hectare, improved varieties and agronomic practices can raise productivity to 40–60 t/ha. Cassava is highly valued for its resilience, thriving in drought-prone areas, poor soils, and under erratic rainfall, making it ideal for low-input, subsistence farming systems. Its flexible harvesting period and natural pest resistance further enhance its suitability for smallholder agriculture. In sub-Saharan Africa alone, cassava supports the diets of over 500 million people (El-Sharkawy, 2004; Burns et al., 2010). The crop also boasts a high energy yield, producing up to 250,000 kcal per hectare per day, often outperforming cereals like rice and maize in marginal conditions.
Nutritionally, cassava is a rich source of carbohydrates, contributing 80–90% of its dry matter. A 100 g serving of cooked cassava root provides about 110–160 kilocalories, as well as vitamin C, calcium, potassium, and resistant starch (Montagnac et al., 2009). While the root is low in protein (1–2%) and certain micronutrients, cassava leaves are highly nutritious, containing 14–40% protein (dry weight) along with significant levels of vitamins A, B1, B2, C, and minerals such as iron and zinc (Achidi et al., 2005). Cassava’s versatility extends far beyond direct consumption. It serves as a raw material for a range of industrial applications, including tapioca starch, bioethanol, animal feed, paper adhesives, and high-quality flour. In Asia, especially in Thailand and Vietnam, cassava is a major export commodity. Additionally, breeding initiatives like Bio Cassava Plus have developed biofortified cassava varieties with enhanced provitamin A and protein content to combat micronutrient deficiencies (Sayre et al., 2011). Given its adaptability to climate stress, cassava is increasingly recognised as a strategic crop for enhancing climate resilience and ensuring food system stability in the developing world (Jarvis et al., 2012). Seka et al. (2025) obtained the plantlets in MS medium containing 5 and 10 nM or TDZ and 0.12 or 0.24 µM for KIN, with 85-91% of regeneration. Cassava micropropagation has been explored through various explants and hormonal treatments to enhance regeneration and multiplication. Ng (1990) demonstrated that shoot tip culture on MS medium supplemented with 0.5 mg/L BAP and 0.1 mg/L NAA produced multiple shoots within three weeks, achieving a high multiplication rate. Kartha and Gamborg (1993) used apical meristems on MS medium with 1.0 mg/L BAP and 0.2 mg/L GA3, leading to shoot elongation and multiplication, effectively generating virus-free plantlets. Konan et al (1997) achieved direct shoot formation from nodal segments cultured on MS with 0.8 mg/L BAP and 0.1 mg/L IAA, resulting in genetically stable plants. In contrast, Raemakers et al. (2002) used leaf explants on MS with 2.0 mg/L BAP and 0.5 mg/L NAA, which induced callus formation followed by shoots, though with low efficiency and some somaclonal variation. Sanchez et al (2004) improved propagation using nodal cuttings on MS with 1.5 mg/L BAP and 0.1 mg/L NAA, reporting multiple shoot formation along with rapid growth and rooting. Zhang et al. (2007) utilised cotyledon explants on MS with 2.5 mg/L BAP and 0.2 mg/L NAA, regenerating shoots from callus, which proved valuable for Agrobacterium-mediated genetic transformation. Larkin and Scowcroft (2010) developed a high-frequency somatic embryogenesis protocol using leaf lobes on MS medium with 8.0 mg/L Picloram, enabling efficient mass propagation. Ceballos et al (2014) optimised shoot tip culture on MS with 1.0 mg/L BAP and 0.2 mg/L GA3, achieving shoot elongation and rooting, and applying the method for clean seed production. Escobar et al. (2018) employed axillary buds in a liquid MS medium with 1.0 mg/L BAP within a Temporary Immersion Bioreactor (TIB), achieving rapid and scalable shoot multiplication. Lastly, León et al. (2021) successfully induced somatic embryogenesis from petiole explants using MS medium with 5.0 mg/L Picloram and 0.5 mg/L BAP, providing an embryogenic pathway for regeneration. Collectively, these studies reveal the versatility of cassava micropropagation strategies, each tailored for specific goals like mass multiplication, genetic stability, transformation, or virus elimination.
4. Micropropagation of Taro
Taro (Colocasia esculenta) is an important tropical root crop cultivated mainly in Asia, Africa, and the Pacific Islands, where it plays a vital role in food security, cultural traditions, and income generation (Lebot, 2009). This plant exhibit adaptability to a wide range of soil conditions, spanning from well-drained dry soils to waterlogged soils in high-rainfall areas (Ferdaus et al., 2023). Globally, taro is grown on approximately 1.8 million hectares, with an annual production of around 10.2 million tonnes, and key producers include Nigeria, China, and Cameroon (FAO, 2021). Despite its potential, taro productivity remains relatively low, averaging about 5.7 t/ha globally, largely due to constraints such as low-quality planting material, susceptibility to diseases like Taro Leaf Blight (Phytophthora colocasiae), and limited adoption of improved agronomic practices (Misra et al., 2008). Nutritionally, taro is rich in carbohydrates, particularly digestible starch, and provides essential nutrients such as dietary fibre, potassium, magnesium, vitamin E, and moderate amounts of protein (Huang et al., 2007). A 100 g serving of cooked taro root delivers approximately 112 kcal and contains low levels of fat and sodium, making it suitable for energy-rich but heart-healthy diets (USDA, 2020). The corms are also gluten-free and have a low glycemic index, making taro suitable for individuals with celiac disease or diabetes (Jane et al., 2006). Given its nutritional value and adaptability to diverse agro-ecological zones, taro is increasingly recognised as a strategic crop for sustainable agriculture and food diversification (Onwueme & Charles, 1994).
Micropropagation of taro has been explored through diverse explant sources and hormonal combinations to optimise regeneration and plantlet development. Hartman and Kester (1985) initiated in vitro culture using shoot tips on MS medium with 2.0 mg/L BAP and 0.5 mg/L NAA, achieving direct shoot formation and moderate multiplication. Lee and Phillips (1990) employed meristematic tissues cultured on MS with 1.0 mg/L BAP and 0.1 mg/L IAA, leading to effective shoot proliferation and the production of virus-free plantlets. Nair and Chandrababu (1996) used corm slices on MS with 2.5 mg/L BAP to induce multiple shoots, ensuring good clonal fidelity. Takayama and Misawa (2001) optimised shoot proliferation using shoot tips on MS with 1.5 mg/L BAP and 0.2 mg/L kinetin, resulting in direct regeneration and high multiplication rates. Nakatani and Afuape (2005) focused on in vitro conservation using shoot cultures maintained on MS medium with 3% mannitol and 0.5 mg/L BAP, successfully slowing growth while maintaining high viability over time. Aregheore et al. (2008) achieved both shoot and root induction from apical buds on MS with 1.0 mg/L BAP and 0.5 mg/L IBA, reporting strong rooting. Sharma and Mukhopadhyay (2012) induced somatic embryogenesis from leaf explants using MS with 2.0 mg/L 2,4-D and 0.5 mg/L kinetin, forming somatic embryos with moderate embryogenic callus. Singh et al (2016) developed a protocol for elite taro cultivars using shoot tips on MS with 1.5 mg/L BAP and 0.2 mg/L NAA, leading to shoot clump formation, though responses varied among cultivars. Devi et al. (2020) used axillary buds in a temporary immersion system with liquid MS and 1.0 mg/L BAP, achieving mass shoot multiplication and enhanced shoot quality. Finally, Rajasekaran et al. (2023) improved micropropagation by using nodal explants on MS with 1.0 mg/L BAP and 2 mg/L silver nitrate (AgNO3), promoting direct regeneration and significantly reducing callus formation. These studies demonstrate the effectiveness of different micropropagation strategies in taro, enabling efficient multiplication, germplasm conservation, and genetic stability.

5. Micropropagation of Sweet Potato
Sweet potato (Ipomoea batatas) is a widely grown root crop of global importance, contributing significantly to food security, nutrition, and income, especially in Asia, Africa, and Latin America (Low et al., 2009). It is cultivated on approximately 7.4 million hectares worldwide, with an annual production of about 89 million tonnes, and major producers include China, Malawi, Nigeria, and Tanzania (FAO, 2021). Sweet potato has flexible planting and harvesting times, a short growing season, and a tolerance to high-temperature soils with low fertility (Sapakhova et al., 2023). Despite its adaptability to marginal soils and drought-prone areas, average global productivity is about 12 t/ha, though yields can exceed 25–30 t/ha with improved varieties and good management practices (Bovell-Benjamin, 2007). Nutritionally, sweet potato is a rich source of complex carbohydrates, dietary fibre, beta-carotene (especially in orange-fleshed varieties), and essential micronutrients such as vitamins A, C, B6, potassium, and manganese (Laurie et al., 2015). A 100 g serving of boiled sweet potato provides about 86 kcal, over 300% of the recommended daily intake of vitamin A (in orange-fleshed types), and significant antioxidant content that supports immune and eye health (USDA, 2020). Its nutritional value, fast growth cycle, and suitability for low-input farming systems make sweet potato a critical crop for improving food and nutritional security in vulnerable populations (Tumwegamire et al., 2011).
Micropropagation studies in sweet potato have employed diverse explants and media formulations to improve regeneration efficiency and plant quality. Darasinh Sihachakr and Ducreux (1987) demonstrated plant regeneration from protoplasts derived from in vitro grown plants using MS medium supplemented with 2 mg/L zeatin, later reduced to 0.25 mg/L for regeneration, which induced compact green calli, although regeneration was highly genotype-dependent. Parvin et al. (2018) optimised nodal segment culture using MS medium with 1.5 mg/L BAP and 0.1 mg/L kinetin for shoot initiation and 0.5 mg/L IBA with 0.1 mg/L NAA for rooting, achieving a remarkable 91.3% shoot initiation rate, an average of 11 shoots per plantlet, and 94.12% rooting efficiency. Tadda et al (2021) examined encapsulated nodal segments using 4% sodium alginate and 100 mM CaCl2, followed by culture on half-strength MS, resulting in a 99% conversion rate and early shoot and root emergence with minimal leaf abscission. Vollmer et al (2022) found that thiamine supplementation significantly improved in vitro growth, rooting, and nutrient uptake across 52 sweet potato genotypes when applied to uni- and bi-nodal stem segments on MS medium with various combinations of GA3, IAA, IBA, and zeatin. Zuraida et al (2023) tested nodal and young shoot explants on both MS and WPM media with 0–5 mg/L BAP for shoot proliferation and 1–2 mg/L NAA for rooting, identifying 0.5 mg/L BAP as optimal for shoot elongation (3.9 cm) and NAA as effective for increased root formation. In another study, Kirakosyan et al. (2022) evaluated axillary buds on half-strength MS (MS2) with either 0.5 mg/L BAP or kinetin in combination with 0.5 mg/L IAA, observing enhanced shoot and root growth, especially with BAP or Kn plus IAA. Maximum shoot regeneration (1300 shoots) was observed in nodal segments cultured on MS medium fortified with 2.0 mg/l meta-Topolin. In vitro regenerated shoots were successfully rooted on half-strength MS medium augmented with 0.5 mg/l Indole-3-butyric acid (Behera et al., 2024). 
6. Micropropagation of Yam
Yam (Dioscorea spp.) is a major staple food crop in many tropical regions, especially in West Africa, where it contributes significantly to food security, cultural heritage, and rural livelihoods (Asiedu & Sartie, 2010). Globally, yam is cultivated on about 8 million hectares, with an annual production of over 72 million tonnes, and Nigeria alone accounts for more than 65% of this total (FAO, 2021). Despite its importance, average global productivity is relatively low at around 9 t/ha due to factors such as labour-intensive cultivation, low multiplication rate of planting materials, and susceptibility to pests and diseases (IITA, 2009). Nutritionally, yam (Dioscorea spp.) is rich in complex carbohydrates and dietary fiber, and it provides essential nutrients including potassium, manganese, vitamin C, and vitamin B6 (Okigbo & Ogbonnaya, 2006). A 100 g serving of boiled yam delivers about 110–120 kcal, primarily from starch, and it is virtually fat-free, making it a healthy source of energy (USDA, 2020). Additionally, certain yam species contain bioactive compounds such as diosgenin, which have been linked to potential health benefits including anti-inflammatory and cholesterol-lowering properties (Shajeela et al., 2011). Given its high caloric value, cultural relevance, and potential in biotechnology for propagation and breeding, yam is a critical crop for food system resilience and agricultural development in tropical regions.
In vitro regeneration of yams has been extensively studied using different explants and plant growth regulator (PGR) combinations to establish efficient propagation systems through somatic embryogenesis and organogenesis. Viana and Mantell (1989) successfully induced callus and regenerated plants from excised zygotic embryos of Dioscorea composite and D. cayenensis using MS medium enriched with auxins and cytokinins, achieving plant regeneration through somatic embryogenesis. Twyford and Mantell (1996) demonstrated similar success in Dioscorea alata using root cells, where somatic embryos and plantlets were produced from cultured callus tissue. Behera and Sahoo (2009) achieved plantlet regeneration from nodal segments of Dioscorea oppositifolia on MS medium supplemented with BAP and NAA via direct organogenesis. Nyaboga and Njiru (2011)regenerated white yam (Dioscorea rotundata) plantlets from axillary bud-derived callus on MS medium containing 2,4-D and BAP, both reports confirming somatic embryogenesis as the regeneration pathway. Rekha and Priyadharshini (2013) utilised bulbils and nodal segments of D. bulbifera to rapidly propagate shoots and roots via organogenesis on MS medium with BAP and NAA. Similarly, Shukla & Shukla (2014) used nodal explants of Dioscorea hispida with NAA and 2,4-D to induce callus and regenerate whole plants through somatic embryogenesis. Taha & Abdelaziz (2017) further improved shoot multiplication and survival from nodal segments of yam using MS medium with BAP and NAA, confirming regeneration via organogenesis. Recently, Wen and Wang (2024) reported high shoot induction and rooting from stem segments of cultivated D. polystachya using MS medium with 6-BA, kinetin (KT), and NAA for shoot development, and DKW medium for rooting, demonstrating organogenic regeneration. Finally, Ossai et al (2024) provided a comprehensive overview of somatic embryogenesis protocols in yam using various explants and MS media containing auxins and cytokinins, emphasizing their future potential in yam biotechnology and large-scale clonal propagation. These studies collectively highlight both somatic embryogenesis and organogenesis as viable regeneration strategies, depending on species, explant type, and hormonal composition.
Table 1. Micropropagation of Potato
	S.No
	Explant
	Media composition 
	Regeneration
	Response
	References 

	1
	Shoot tip
	MS + 1.0 mg/L BAP + 0.1 mg/L NAA
	Shoots and roots in 3 weeks
	High efficiency, minimal callus
	(Hosoki & Sagawa,1992)

	2
	Nodal segments
	MS + 1.0 mg/L BAP
	Direct shoot multiplication
	Efficient proliferation
	(Akita & Takayama,1994)

	3
	Axillary buds
	MS + 0.5 mg/L kinetin + 0.2 mg/L IAA
	Multiple shoots
	Good multiplication
	(Sarker & Mustafa ,1996)

	4
	Shoot tip and nodal segments
	MS + 1.5 mg/L BAP + 0.1 mg/L NAA
	Shoots in 2 weeks, rooting on hormone-free MS
	High multiplication, stable
	(Kumar & Roy,1999)

	5
	Leaf segments
	MS + 2.0 mg/L BAP + 0.5 mg/L NAA
	Indirect via callus
	Moderate regeneration, variation observed
	(Zapata & Kumar, 

2003)

	6
	Single-node cuttings
	MS + 1.0 mg/L BAP + 0.2 mg/L GA₃
	Direct shoot and root formation
	High elongation and rooting
	(Banerjee & Kole, 2005)

	7
	Shoot apices
	MS + 1.0 mg/L BAP + 0.1 mg/L IAA
	Shoot elongation, rooting
	Consistent across genotypes
	(Ray and Bhattacharya, 2008)

	8
	Axillary bud
	MS + 1.5 mg/L BAP + 0.2 mg/L IAA
	Multiple shoot clusters
	Rapid multiplication
	(Molla & Islam, 2010)

	9
	Nodal explants
	MS + 1.0 mg/L BAP + 0.1 mg/L GA₃
	Long shoots with roots
	Uniform plantlets
	(Chakraborty & Saha, 2013)

	10
	Shoot tip
	MS + 2.0 mg/L BAP + 0.5 mg/L NAA
	Shoots and callus in 2 weeks
	Vigorous growth
	(Ahmed & Hossain, 2017)

	11
	Meristem tips
	MS + 1.0 mg/L BAP + 0.05 mg/L NAA
	Healthy shoots and roots
	Virus-free, efficient
	(Singh & Kaur,2019)

	12
	Shoot tip
	MS + 1.2 mg/L BAP + 0.2 mg/L IAA
	High multiplication, rooting on MS + 0.1 mg/L NAA
	Reproducible, genotype-independent
	(Joshi & Verma, 2021)

	13
	Nodal segments
	MS + 1.5 mg/L BAP + 0.2 mg/L AgNO₃
	Faster induction, elongation
	Reduced vitrification, better morphology
	(Gupta & Mehra, 2023)

	14
	Axillary buds
	Liquid MS + 1.0 mg/L BAP + 0.1 mg/L NAA
	Multiple shoots per cycle in TIB
	High efficiency, scalable
	(Das & Mallick, 2024)


Table 2. Micropropagation of Cassava 

	S. No
	Explant
	Media composition
	Regeneration
	Response
	References

	1
	Shoot tip
	MS + 0.5 mg/L BAP + 0.1 mg/L NAA
	Multiple shoots within 3 weeks
	High multiplication rate
	(Ng,1990)

	2
	Apical meristem
	MS + 1.0 mg/L BAP + 0.2 mg/L GA₃
	Shoot elongation and multiplication
	Virus-free plantlets
	(Kartha & Gamborg,1993)

	3
	Nodal segment
	MS + 0.8 mg/L BAP + 0.1 mg/L IAA
	Direct shoot formation
	Genetically stable plants
	(Konan et al., 1997)

	4
	Leaf explants
	MS + 2.0 mg/L BAP + 0.5 mg/L NAA
	Callus followed by shoot formation
	Low efficiency, some somaclonal variation
	(Raemakers et al.,2002)

	5
	Nodal cuttings
	MS + 1.5 mg/L BAP + 0.1 mg/L NAA
	Multiple shoot formation
	Fast growth and rooting
	(Sanchez et al.,2004)

	6
	Cotyledon explants
	MS + 2.5 mg/L BAP + 0.2 mg/L NAA
	Shoot regeneration from callus
	Used for genetic transformation
	(Zhang et al., 2007)

	7
	Leaf lobes
	MS + 8.0 mg/L Picloram
	Somatic embryos developed into plantlets
	Effective for mass propagation
	(Larkin & Scowcroft,2010)

	8
	Shoot tip
	MS + 1.0 mg/L BAP + 0.2 mg/L GA₃
	Shoot elongation and rooting
	Used in clean seed program
	(Ceballos et al., 2014)

	9
	Axillary buds
	Liquid MS + 1.0 mg/L BAP
	Rapid shoot multiplication
	High-throughput system
	(Escobar et al., 2018)

	10
	Petiole explants
	MS + 5.0 mg/L Picloram + 0.5 mg/L BAP
	Somatic embryo formation and shoot regeneration
	Regeneration via embryogenic pathway
	(León et al., 2021)

	11.
	Microcuttings
	 MS + 5 and 10 nM or thidiazuron, and 0.12 or 0.24 µM for KIN.
	shoot regeneration
	Regeneration (85-91%)
	(Seka et al., 2025)


Table 3: Micropropagation of Taro

	S.No
	Explant
	Media composition
	Regeneration
	Response
	References

	1
	Shoot tips
	MS + 2.0 mg/L BAP + 0.5 mg/L NAA
	Direct shoot formation
	Moderate multiplication
	(Hartman & Kester,1985)

	2
	Meristematic tissue
	MS + 1.0 mg/L BAP + 0.1 mg/L IAA
	Shoot proliferation
	Virus-free plantlets
	(Lee & Phillips,1990)

	3
	Corm slices
	MS + 2.5 mg/L BAP
	Multiple shoot induction
	Good clonal fidelity
	(Nair & Chandrababu, 1996)

	4
	Shoot tips
	MS + 1.5 mg/L BAP + 0.2 mg/L kinetin
	Direct regeneration
	High multiplication rate
	(Takayama & Misawa, 2001)

	5
	Shoot cultures
	MS + 3% mannitol + 0.5 mg/L BAP
	Slowed growth
	High viability over time
	(Nakatani & Afuape , 2005)

	6
	Apical buds
	MS + 1.0 mg/L BAP + 0.5 mg/L IBA
	Shoot and root formation
	Strong rooting observed
	(Aregheore et al., 2008)

	7
	Leaf explants
	MS + 2.0 mg/L 2,4-D + 0.5 mg/L kinetin
	Somatic embryos
	Moderate embryogenic callus
	(Sharma & Mukhopadhyay,

2012)

	8
	Shoot tips
	MS + 1.5 mg/L BAP + 0.2 mg/L NAA
	Shoot clump formation
	Cultivar-specific response
	(Singh et al.,
2016)

	9
	Axillary buds
	Liquid MS + 1.0 mg/L BAP
	Mass shoot multiplication
	Enhanced shoot quality
	(Devi et al.,2020)

	10
	Nodal explants
	MS + 1.0 mg/L BAP + 2 mg/L AgNO₃
	Direct regeneration
	Reduced callusing
	(Rajasekaran et al., 2023)


Table 4. Micropropagation of Sweet Potato 

	S.No
	Explant Used
	Media composition
	Regeneration Response
	References

	1
	Protoplasts from in vitro plants
	MS medium with 2 mg/L zeatin; reduced to 0.25 mg/L for regeneration
	Green compact calli induced; plant regeneration genotype-dependent
	(Darasinh Sihachakr & Ducreux,1987)

	2
	Nodal segments
	MS + 1.5 mg/L BAP + 0.1 mg/L KIN; rooting with 0.5 mg/L IBA + 0.1 mg/L NAA
	91.3% shoot initiation; 11 shoots/plantlet; 94.12% rooting
	(Parvin et al., 2018)

	3
	Nodal segments
	Encapsulation with 4% sodium alginate, 100 mM CaCl₂; cultured in ½ MS
	99% conversion rate; early shoot/root emergence; minimal leaf abscission
	(Tadda et al.,2021)

	4
	Uni- and bi-nodal stem segments
	MS medium with thiamine; variations with GA₃, IAA, IBA, zeatin
	Enhanced growth, rooting, ion uptake across 52 genotypes
	(Vollmer et al ., 2022)

	5
	Nodal and young shoots
	MS and WPM media with 0–5 mg/L BAP; rooting with 1–2 mg/L NAA
	Optimal shoot length (3.9 cm) at 0.5 mg/L BAP; increased roots with NAA
	(Zuraida et al., 2023)

	6
	Axillary buds
	MS with 50% salt (MS2); 0.5 mg/L BAP or Kn + 0.5 mg/L IAA
	Enhanced shoot/root growth; best results with BAP/Kn + IAA
	(Rima Kirakosyan et al., 2023)

	7
	Nodal
	MS medium fortified with 2.0 mg/L meta-Topolin; rooting-MS+0.5mg/LIBA
	Shoot and root induction
	(Behera

et al., 2024)


Table 5. Micropropagation of Yam

	S.no
	Explant Used
	Media composition
	Regeneration Response
	Regeneration Type
	References

	1
	Zygotic embryos
	MS medium with auxins and cytokinins
	Successful callus induction and plant regeneration
	Somatic embryogenesis
	(Viana & Mantell, 1989)

	2
	Root cells
	MS medium with appropriate PGRs
	Somatic embryos and plantlets produced
	Somatic embryogenesis
	(Twyford & Mantell, 1996)

	3
	Nodal segments
	MS medium with BAP and NAA
	Plantlet regeneration achieved
	Organogenesis
	(Behera & Sahoo, 2009)

	4
	Axillary bud-derived callus
	MS medium with 2,4-D and BAP
	Regeneration of plantlets from callus
	Somatic embryogenesis
	(Nyaboga & Njiru, 2011)

	5
	Bulbils and nodal segments
	MS medium with BAP and NAA
	Efficient shoot multiplication and rooting
	Organogenesis
	(Rekha & Priyadharshini, 2013)

	6
	Nodal explants
	MS medium with NAA and 2,4-D
	Callus induction and plant regeneration
	Somatic embryogenesis
	(Shukla & Shukla, 2014)

	7
	Nodal segments
	MS medium with BAP and NAA
	Enhanced shoot multiplication and survival rate
	Organogenesis
	(Taha & Abdelaziz, 2017)

	8
	Stem segments
	MS medium with 6-BA, KT, and NAA; DKW medium for rooting
	High induction and rooting rates
	Organogenesis
	(Wen & Wang,2024)

	9
	Various explants
	MS medium with auxins and cytokinins
	Overview of somatic embryogenesis protocols
	Somatic embryogenesis
	(Ossai et al.,
2025)


7. Conclusion
In this review, an integrated broad spectrum of micropropagation on potato, cassava, sweet potato, yam, and taro tuber crops was comprehensively given. Moreover, bulky planting material, low multiplication rates, and long propagation cycles hinder the rapid dissemination of improved varieties. Rapid, disease-free, and large-scale multiplication of these crops, through tissue culture techniques such as shoot tip culture, somatic embryogenesis, and nodal segment culture, high-quality planting materials can be produced efficiently. Production of disease-free planting material, rapid multiplication of elite genotypes, conservation of genetic diversity, and facilitation of genetic improvement programs in tuber crops are inevitable.

This compilation not only serves as a reference for established methodologies but also lays the groundwork for future research and innovation in tuber crop propagation. Researchers develop more efficient, scalable, and sustainable propagation systems in tuber crops. As resilient, high-yielding tuber crops continue to grow, micropropagation will remain a vital tool in advancing agricultural productivity and ensuring food security as global demand increases.
DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative AI technologies and text-to-image generators have been used during the writing or editing of manuscripts.
COMPETING INTEREST
Authors have declared that no competing interests exist.

REFERENCES
Achidi, A. U., Ajayi, O. A., Bokanga, M., & Maziya-Dixon, B. (2005). The use of cassava leaves as food in Africa. Ecol. Food Nutr., 44(6), 423–435.

Adu Donyina G, Szarvas A, Opoku VA, Miko E, Tar M, Czóbel S, et al. (2025). Enhancing sweet potato production: a comprehensive analysis of the role of auxins and cytokinins in micropropagation. Planta. 261(4):1-4

Ahmed, M., & Hossain, M. M. (2017). Effect of growth regulators on micropropagation of potato. Journal of Agricultural Science, 9(2), 112–118.

Akita, M., & Takayama, S. (1994). In vitro propagation of potato using nodal segments. Plant Cell Reports, 13, 178–182.

Aregheore, E. M., Tofinga, M. P., & Perera, W. M. K. (2008). In vitro shoot and root induction in Colocasia esculenta. Asian Journal of Agricultural Sciences, 2(3), 65–70.

Asiedu, R., &Sartie, A. (2010). Crops that feed the world 1. Yams. Food Security, 2, 305–315.

Banerjee, S., & Kole, P. C. (2005). Efficient in vitro propagation system for potato cultivars. Indian Journal of Biotechnology, 4(1), 101–104.

Behera, K. K., & Sahoo, S. (2009). Regeneration of plantlets of Dioscorea oppositifolia L. through in vitro culture. Plant Tissue Culture & Biotechnology, 19(1), 49–57.

Bovell-Benjamin, A. C. (2007). Sweet potato: A review of its past, present, and future role in human nutrition. Advances in Food and Nutrition Research, 52, 1–59.

Burns, A., Gleadow, R., Cliff, J., Zacarias, A., & Cavagnaro, T. (2010). Cassava: The drought, war and famine crop in a changing world. Sustainability, 2(11), 3572–3607.

Camire, M. E., Kubow, S., & Donnelly, D. J. (2009). Potato and human health. Critical Reviews in Food Science and Nutrition, 49(10), 823–840.

Ceballos, H., Iglesias, C. A., Pérez, J. C., & Dixon, A. G. O. (2010). Cassava breeding: Opportunities and challenges. Plant Molecular Biology, 73(1–2), 53–67.

Ceballos, H.,Iglesias, C. A., Pérez, J. C., & Dixon, A. G. O. (2014). Optimized cassava micropropagation for virus-free seed system. Plant Cell, Tissue and Organ Culture, 118, 117–128.

Chakraborty, S., & Saha, A. (2013). Standardization of in vitro micropropagation protocol for potato. The Bioscan, 8(3), 853–857.

CIP. (2020). Annual Report. International Potato Center. https://cipotato.org
Darasinh Sihachakr, & Ducreux, G. (1987). Plant regeneration from protoplasts of sweet potato. Plant Cell Reports, 6, 251–253.

Das, S., & Mallick, P. (2024). Regeneration and multiplication of potato using temporary immersion bioreactor. In vitro Cellular & Developmental Biology – Plant, 60(2), 123–129.

Devaux, A., Kromann, P., & Ortiz, O. (2014). Potatoes for sustainable global food security. Potato Research, 57, 185–199.

Devi, S. R., Barua,D.,Sulthana,R.,& Khatun, A. (2020). Temporary immersion system for taro propagation. Plant Tissue Culture and Biotechnology, 30(2), 167–174.

El-Sharkawy, M. A. (2004). Cassava biology and physiology. Plant Molecular Biology, 56(4), 481–501.

Escobar,R.H., Chavez, M.R., Londono, A.D., & Roca,W.M.(2018).Temporary immersion bioreactor for cassava propagation. ScientiaHorticulturae, 237, 192–199.

FAO. (2021). FAOSTAT Statistics Database. Food and Agriculture Organization of the United Nations. http://www.fao.org/faostat
Gupta, R., & Mehra, R. (2023). Use of silver nitrate to enhance micropropagation in potato. Indian Journal of Plant Sciences, 12(3), 88–95.

Hartman, H. T., & Kester, D. E. (1985). Plant Propagation: Principles and Practices (4th ed.). Prentice-Hall.

Hosoki, T., & Sagawa, Y. (1992). Micropropagation of potato through direct organogenesis. HortScience, 27(12), 1320–1322.

Huang, A. S., Tanudjaja, L., &Lum, D. (2007). Content of alpha-, beta-, and total carotenoids in human plasma. Clinical Chemistry, 53(3), 545–552.

IITA. (2009). Yam Improvement for Income and Food Security in West Africa. International Institute of Tropical Agriculture.

Jane, J., Kaspar,A.M., Chen,Y.-Y., Juliano,B.O., & Shih,F. (2006). Glycemic index and resistant starch in food. Journal of Food Science, 71(9), R89–R94.

Jarvis, A., Ramirez-Villegas, J., Herrera Campo, B. V., & Navarro-Racines, C. (2012). Is cassava the answer to African climate change adaptation? Tropical Plant Biology, 5(1), 9–29.

Joshi, A., & Verma, R. (2021). An efficient protocol for in vitro multiplication of potato. Plant Cell Biotechnology and Molecular Biology, 22(5–6), 15–20.

Kartha, K. K., & Gamborg, O. L. (1993). Micropropagation of cassava from apical meristems. Plant Cell Reports, 11(6), 287–289.

Kirakosyan, R.N., Kalashnikova, E.A., Abubakarov, H.G., Sleptsov, N.N., Dudina, Y.A., Temirbekova, S.K., et al. (2022). Influence of mineral treatment, plant growth regulators and artificial light on the growth of Jewel sweet potato (Ipomoea batatas Lam. cv. Jewel) in vitro. Life, 13(1), 52.

Konan, N. K., Schöpke, C., & Beachy, R. N. (1997). Regeneration of cassava plantlets from nodal segments. Plant Cell, Tissue and Organ Culture, 50(3), 227–236.

Kumar, A., & Roy, S. C. (1999). Micropropagation and genetic fidelity in potato. Indian Journal of Experimental Biology, 37(6), 557–560.

Larkin, P. J., & Scowcroft, W. R. (2010). High frequency regeneration of cassava through somatic embryogenesis. Plant Cell Reports, 29(2), 95–103.

Laurie, S. M., Faber, M., & Claasen, N. (2015). Sweet Potato for Health and Food Security. Agricultural Research Council.

Lebot V (2009) Tropical root and tuber crops: Cassava, sweetpotato, yams and aroids. CABI, Wallingford, United Kingdom

Lee, J. J., & Phillips, G. C. (1990). Taro plant regeneration via meristem culture. Plant Cell Reports, 9, 16–19.

León,J.A., Perez, J.C., Escobar, A.F., Gonzalez,C., & Ceballos, (2021). Somatic embryogenesis in cassava using petiole explants. Plant Biotechnology Reports, 15, 57–66.

Loebenstein G, (2001). Virus and virus-like diseases of potatoes and production of seed-potatoes. Springer Science & Business Media; 
Low, J.W., Arimond,M., Osman,N., Cunguara,B., Zano,F., & Tschirley, D. (2009). Sweet potato in the fight against vitamin A deficiency. Food and Nutrition Bulletin, 30(4), 477–485.

Mantell, S. H., Mathew, P. M., & McKee, R. K. (1983). Clonal propagation of Dioscorea species. In vitro, 19(1), 31–34.

Meena, B. L., Maurya, B.R., Meena,R.S.,& Singh,D.K. (2018). Management practices for higher potato yield. Journal of AgriSearch, 5(3), 175–178.

Misra, R. S., Sharma, K., & Mishra, A.K.(2008). Challenges in taro improvement. Indian Journal of Agricultural Sciences, 78(8), 683–688.

Molla, M. M., & Islam, M. S. (2010). High frequency regeneration in potato. Bangladesh Journal of Agricultural Research, 35(3), 483–489.

Montagnac, J. A., Davis, C. R., & Tanumihardjo, S. A. (2009). Nutritional value of cassava. Comprehensive Reviews in Food Science and Food Safety, 8(3), 181–194.

Nair, L. N., & Chandrababu, R. (1996). Clonal propagation of taro. Plant Cell Reports, 15(6), 464–468.

Nakatani, M., &Afuape, S. O. (2005). In vitro conservation of taro germplasm. Plant Genetic Resources Newsletter, 144, 20–25.

Nassar, N. M. A., & Ortiz, R. (2007). Cassava improvement. Genetics and Molecular Research, 6(1), 203–218.

Ng, S. Y. C. (1990). In vitro propagation of cassava using shoot tip culture. Plant Cell, Tissue and Organ Culture, 20(1), 85–91.

Nyaboga, E. N., &Njiru, J. M. (2011). Plant regeneration from axillary bud-derived callus in white yam. African Journal of Biotechnology, 10(65), 14535–14544.
Okigbo, B. N., &Ogbonnaya, F. C. (2006). Yam-based cropping systems. Agricultural Systems, 90(1–3), 1–13.

Onwueme, I. C., & Charles, W. B. (1994). Tropical root and tuber crops: Production, perspectives and future prospects. FAO Plant Production and Protection Paper, No. 126.
Ossai, C.O., Balogun, M.O. & Maroya, N.G. (2024). Status and prospects of yam somatic embryogenesis: a pathway for biotechnology applications. In Vitro Cellular & Developmental Biology-Plant,1-11.
Parvin, J., Robbani, M., Hasan, M.F. & Hoque, F. (2018). Standardization of plant growth regulators for successful tissue culture of sweet potato. Journal of the Bangladesh Agricultural University, 16(2),178-181.
Raemakers, K., Schreuder,M., Pereira,I., Munyikwa,T., Jacobsen, E.,& Visser,R.(2002). Shoot regeneration from leaf explants of cassava. Plant Cell, Tissue and Organ Culture, 70(1), 65–72.

Rajasekaran, K., Arumugam,T., & Anbazhagan,V.(2023). Improved taro micropropagation with silver nitrate. Indian Journal of Biotechnology, 22(2), 134–140.

Ranalli, P. (2007). Potato micropropagation. In Biotechnology of tuber crops (pp. 121–137). Science Publishers.

Ray, T., & Bhattacharya, S. (2008). Optimization of micropropagation protocol for potato. Physiology and Molecular Biology of Plants, 14(2), 137–145.

Rekha, K., & Priyadharshini, A. (2013). In vitro propagation of Dioscorea bulbifera. Journal of Root Crops, 39(2), 86–91.

Roca, W. M., & Nair, N. G. (1992). Cassava micropropagation and germplasm conservation. Tropical Root and Tuber Crops, 6(1), 54–61.

Sanchez,T.,Ceballos,H.,Dufour,D.,Ortiz.,Morante,N.,Calle,f.,&Perez,J.C.(2004). Improvement of cassava micropropagation efficiency. Plant Cell, Tissue and Organ Culture, 76(1), 55–62.

Sarker, R. H., & Mustafa, B. M. (1996). Rapid propagation of potato by tissue culture techniques. Plant Tissue Culture, 6(2), 129–135.
Sayre, R., Beeching, J.R., Cahoon, E.B., Egesi, C., Fauquet, C., Fellman, J., et al. (2011). The BioCassava plus program: biofortification of cassava for sub-Saharan Africa. Annual review of plant biology, 62(1), 251-272.
Seka, J.S.S., Kouassi, M.K., Yéo, E.F., Saki, F.M., Otron, D.H., Tiendrébéogo, F., et al. (2025). Removing recalcitrance to the micropropagation of five farmer-preferred cassava varieties in Côte d’Ivoire by supplementing culture medium with kinetin or thidiazuron. Frontiers in Plant Science, 16,1538799.
Scott GJ, Rosegrant MW, Ringler C. (2000). Global projections for root and tuber crops to the year 2020. Food policy, 25(5):561-97.

Scott, G. J., & Suarez, V. (2012). The rise of potatoes in Asia. Outlook on Agriculture, 41(2), 111–117.

Shajeela PS, Mohan VR, Louis Jesudas L, Tresina Soris P. (2011). Nutritional and antinutritional evaluation of wild yam (Dioscorea spp.). Tropical and subtropical Agroecosystems, 14(2):723-30.

Sharma, M., & Mukhopadhyay, A. (2012). Regeneration of taro via somatic embryogenesis. Journal of Root Crops, 38(1), 15–21.

Shukla, S. &Shukla, S.K., (2014). In vitro regeneration of Dioscorea hispida through nodal explants: A rich source of starch. GSTFJ BioSciences, 3(1), 30-35.

Singh, J., & Kaur, G. (2019). Micropropagation of elite potato varieties using meristem culture. International Journal of Current Microbiology and Applied Sciences, 8(5), 2150–2158.

Singh, P., Roy,S.C., Roy,M.,& Jha,A.K.(2016). Micropropagation protocol for elite taro cultivars. Plant Tissue Culture & Biotechnology, 26(2), 191–199.

Tadda, S.A., Kui, X., Yang, H., Li, M., Huang, Z., Chen, X. et al. (2021). The response of vegetable sweet potato (Ipomoea batatas Lam) nodes to different concentrations of encapsulation agent and MS salts. Agronomy, 12(1), 19.

Taha, S.S., & Abdelaziz, M.E. (2017). In vitro propagation of yam via nodal segment culture. Bioscience research, 14(4), 1217-1222.

Takayama, S., & Misawa, M. (2001). Optimization of in vitro shoot proliferation in taro. Plant Cell Reports, 20(8), 779–784.

Tumwegamire, S., Kapinga, R.R., Rubaihayo, P.R., La Bonte, D.J., Grüneberg, W., Felde, T.Z., et al. (2011). Evaluation of dry matter, protein, starch, ß-carotene, iron, zinc, calcium and magnesium in East African sweetpotato [Ipomoea batatas (L.) Lam] germplasm. Hort Sci, 46 1–10.

Twyford, C., & Mantell, S. (1996). Production of somatic embryos and plantlets from root cells of greater yam. Plant Cell, Tissue and Organ Culture, 44(1), 17–22.

USDA. (2020). FoodData Central. United States Department of Agriculture. https://fdc.nal.usda.gov/
Viana, A. M., & Mantell, S. H. (1989). Callus induction and plant regeneration from zygotic embryos of yams. Plant Cell Reports, 8(4), 243–246.

Vollmer, R., Dierig,D.A., Zhang,T.,& Schafleitner, R.(2022). Thiamine improves in vitro propagation of sweet potato: Confirmed across a wide range of genotypes. Plant Science Today, 9(1), 13–21.

Wen, L., & Wang, Y. (2024). Establishment of an in vitro regeneration system for Dioscorea polystachya. Journal of Root Crop Science, 11(2), 77–86.

Zapata, F. J., & Kumar, M. U. (2003). In vitro shoot regeneration from leaf explants of potato. Journal of Plant Physiology, 160(5), 601–604.

Zhang, P., Phansiri,S.,& Puonti-Kaerlas,J.(2007). Regeneration and Agrobacterium-mediated transformation of cassava. Plant Cell Reports, 26(4), 425–434.

Zuraida, A. R., Mohamed,R., Norhayati, M.,& Rahman,M.M.(2023). Micropropagation of sweet potato: Optimization using MS and WPM media. Tropical Agriculture Science, 46(3), 431–442. 
Murthy, H. N., Joseph, K. S., Paek, K. Y., & Park, S. Y. (2023). Bioreactor systems for micropropagation of plants: present scenario and future prospects. Frontiers in plant science, 14, 1159588. 

Zhang, A. L., Wang, M. R., Li, Z., Panis, B., Bettoni, J. C., Vollmer, R., ... & Wang, Q. C. (2023). Overcoming challenges for shoot tip cryopreservation of root and tuber crops. Agronomy, 13(1), 219.

Devaux, A.; Goffart, J.-P.; Petsakos, A.; Kromann, P.; Gatto, M.; Okello, J.; Suarez, V.; Hareau, G. Global Food Security, Contributions from Sustainable Potato Agri-Food Systems. In The Potato Crop; Campos, H., Ortiz, O., Eds.; Springer: Cham, Switzerland, 2020; pp. 3–36.

Muiruri, S.K.; Ntui, V.O.; Tripathi, L.; Tripathi, J.N. Mechanisms and approaches towards enhanced drought tolerance in cassava (Manihot esculenta). Curr. Plant Biol. 2021, 28, 100227.

Ferdaus, M. J., Chukwu-Munsen, E., Foguel, A., & da Silva, R. C. (2023). Taro roots: An underexploited root crop. Nutrients, 15(15), 3337.

Sapakhova, Z., Raissova, N., Daurov, D., Zhapar, K., Daurova, A., Zhigailov, A., ... & Shamekova, M. (2023). Sweet potato as a key crop for food security under the conditions of global climate change: a review. Plants, 12(13), 2516.

Baby, G.; Rafeekher, M.; K.B, S.; I, P. K.; C.R, R.; Sheena.A; M, A. R. Advances in Micropropagation Techniques for Aquascaping Plants: A Comprehensive Review. Arch. Curr. Res. Int. 2024, 24, 14-22.
Chukwu, S. C., Awala, S. K., Angombe, S., Valombola, J. S., Nanhapo, P. I., Mberama, C., ... & Musa, I. (2025). Recent progress in tissue culture techniques and biotechnological innovations for banana production (Musa spp.): a review. Discover Plants, 2(1), 13.

Hasnain, A., Naqvi, S. A. H., Ayesha, S. I., Khalid, F., Ellahi, M., Iqbal, S., ... & Abdelhamid, M. M. (2022). Plants in vitro propagation with its applications in food, pharmaceuticals and cosmetic industries; current scenario and future approaches. Frontiers in plant science, 13, 1009395.

Regni, L., Cesarini, A., Micheli, M., & Proietti, P. (2025). A bibliometric analysis of research on blackberry micropropagation. Plant Cell, Tissue and Organ Culture (PCTOC), 160(2), 33.
____________________________________________________________________________________________
*Corresponding author: Email: XYZ@ABC.COM


