
~ 464 ~ 

International Journal of Research in Agronomy 2025; 8(8): 464-467 

 
E-ISSN: 2618-0618 

P-ISSN: 2618-060X 

© Agronomy 

NAAS Rating (2025): 5.20 

www.agronomyjournals.com  

2025; 8(8): 464-467 

Received: 21-05-2025 

Accepted: 23-06-2025 
 

Vishal Rathod  

Research Student, Department of 

Botany, Chhatrapati Shivaji 

Maharaj College, Kannad. Chhatr. 

Sambhajinagar, Maharashtra, 

India 

 

Shashikant Bandewar 

Department of Botany, R.S. 

College Pathri, Chhatr. 

Sambhajinagar, Maharashtra, 

India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Vishal Rathod  

Research Student, Department of 

Botany, Chhatrapati Shivaji 

Maharaj College, Kannad. Chhatr. 

Sambhajinagar, Maharashtra, 

India  

 

Basal media optimization for enhanced embryogenesis 

and doubled haploid recovery in onion (Allium cepa L.) 

 
Vishal Rathod and Shashikant Bandewar 
 

DOI: https://www.doi.org/10.33545/2618060X.2025.v8.i8g.3580  

 
Abstract 
This study investigates the efficacy of Gamborg B5 and Murashige and Skoog (MS) basal media for 

enhancing embryogenesis and doubled haploid (DH) recovery in onion (Allium cepa L.) through ovary 

culture. Four genotypes (E604, E606, E611, E247) were evaluated for embryogenic response, shoot 

regeneration, and ploidy stability. Results demonstrated a fivefold higher embryo induction rate in B5 

medium (5.41%) compared to MS (1.05%), with genotype E247 exhibiting the highest response (6.0%). B5 

medium also outperformed MS in shoot regeneration, yielding 34 shoots versus 4 shoots, and produced a 

higher proportion of haploids (67.64%) and DHs (23.52%) as confirmed by flow cytometry. The superior 

performance of B5 is attributed to its optimized ionic composition and compatibility with monocot 

physiology, minimizing somaclonal variation. These findings highlight B5 medium as the preferred choice 

for efficient DH production in onion breeding, accelerating homozygous line development. However, 

genotype-specific variability underscores the need for tailored protocols. Future research should explore 

molecular mechanisms underlying B5’s efficacy and validate the field performance of regenerants. This 

study advances haploid technology in onion improvement, offering a cost-effective and rapid breeding 

solution. 
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Introduction  

Onion (Allium cepa L.) represents a critically important vegetable crop with significant 

economic value attributed to its culinary, nutritional, and medicinal attributes (Ochar & Kim, 

2023) [22]. The breeding of this species encounters several challenges, including its biennial life 

cycle, the prevalence of cross-pollination, and issues related to inbreeding depression (Mahajan 

& Gupta, 2023) [17]. Recent advancements in the genetic improvement of onions have 

predominantly concentrated on enhancing disease resistance, pest tolerance, and the 

augmentation of desirable traits (Cramer et al., 2021). [6] Moreover, the application of male 

sterility has surfaced as an indispensable technique in contemporary onion breeding, thereby 

facilitating the efficient development of hybrid varieties (Chikh-Rouhou et al., 2025) [5]. 

Doubled haploids (DH) technology has emerged as a powerful tool in crop improvement, 

particularly in onion breeding, by enabling the rapid generation of homozygous lines within a 

single generation. It offers numerous advantages, including the acceleration of breeding cycles, 

facilitating trait introgression, and enhancing genetic diversity. In the context of onion breeding, 

DH lines have demonstrated vegetative vigor that is comparable to or even superior to that of 

open-pollinated cultivars, with minimal inbreeding depression. Hybrids derived from DH lines 

have shown performance that is equal to or improved compared to conventional hybrids, likely 

due to the elimination of deleterious sublethal genes during gynogenesis. The use of DH 

technology in onion breeding opens up opportunities for developing resistant varieties, 

improving quality standards, and creating cytoplasmic male sterile (CMS) hybrids. Furthermore, 

the integration of genomics, transcriptomics, and marker-assisted selection can significantly 

enhance the efficiency and precision of DH production in crop improvement programs. 

Recent investigations have concentrated on the optimization of basal media and supplements to 

enhance embryogenesis and double haploid (DH) recovery across a range of crops. In the case of
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eggplant, Rivas-Sendra et al. (2015) [24] noted that repeated 

subculture on Murashige and Skoog (MS) medium, 

supplemented with specific phytohormones, significantly 

improved the regeneration of DH plants from microspore-

derived calli. Conversely, Liu et al. (2002) [16] demonstrated that 

a novel chemical formulation can induce elevated rates of 

microspore embryogenesis in wheat, while co-cultivation with 

live wheat ovaries in NPB 99 media substantially enhanced plant 

regeneration. Furthermore, Bokore et al. (2016) [3] reported that 

the incorporation of silver nitrate markedly increased haploid 

plantlet production in durum wheat. In onions, Bohanec et al. 

(2002) [2] identified that factors such as the developmental stage 

of floral buds, the cultivation conditions of donor plants, and the 

composition of the media are critical for the induction of 

gynogenic embryos and subsequent DH production. These 

advancements collectively reflect significant improvements in 

DH recovery efficiencies across diverse crop species. This study 

aims to further elucidate the impact of specific media 

formulations on embryogenesis and DH recovery, thereby 

contributing to the optimization of haploid plant production 

methodologies in selected crops. 

 

Materials and Methods 

All experimental procedures were carried out at the Research 

Centre and the Kalash Pvt. Ltd. Laboratory, under controlled 

environmental conditions designed to optimize doubled haploid 

(DH) production in Onion (Allium cepa L).  

 

Plant Material: Four onion (Allium cepa L.) genotypes were 

used for regeneration and doubled haploid (DH) production: 

E604 (ONI-1), E606 (ONI-2), E611 (ONI-3), and E247 (ONI-4). 

These were selected for their diverse genetic backgrounds and 

coded for laboratory handling. Buds measuring 3.5 to 4.5 mm 

are harvested from the field by 11 AM, thoroughly washed with 

tap water, and then placed in labeled tea strainers. Under a 

laminar flow hood, they undergo sterilization using a solution of 

0.3% Bavistin with Tween-20, followed by several rinses with 

sterile distilled water (SDW). For surface sterilization, the buds 

are treated with 70% alcohol for 2 minutes, then exposed to 2% 

NaOCl for 6 to 8 minutes (or 4% for 4 minutes), and 

subsequently rinsed 5 to 6 times with sterile deionized water. 

Finally, the buds are arranged on sterile tissue paper in petri 

plates to absorb any excess moisture (Gashu & Ethiopian, 2021) 

[10]. 

 

Media Preparation and Composition 

To investigate the effect of different basal media on regeneration 

and doubled haploid (DH) induction efficiency in onion (Allium 

cepa L.), two standard tissue culture media formulations were 

employed: Murashige and Skoog (MS) medium and Gamborg 

B5 medium. Both media were evaluated for their efficacy in 

supporting ovary-derived embryogenesis and subsequent shoot 

regeneration across four onion genotypes: E604 (ONI-1), E606 

(ONI-2), E611 (ONI-3), and E247 (ONI-4). Both MS and B5 

basal salts were procured from certified tissue culture suppliers 

and prepared under aseptic conditions. The media were 

supplemented with 3% (w/v) sucrose and solidified using 0.8% 

(w/v) agar (HiMedia, India). The pH of the media was adjusted 

to 5.8 ± 0.05 before autoclaving at 121 °C for 20 minutes 

(Mishra et al., 2018; Owen et al., 1991; Wetzstein et al., 1994) 

[19, 23, 26]. Two types of media were formulated for each basal 

medium: 

 

Initiation Media (Oni-I-MS and Oni-I-B5): Designed to 

promote the initial response of isolated ovaries, these media 

were fortified with hormonal combinations optimized for ovary 

swelling and callus initiation. Specific growth regulators, such 

as 2,4-D (2.0 mg/L) and BAP (0.5 mg/L), were added based on 

standard protocols for monocot embryogenesis. 

 

Regeneration Media (Oni-R-MS and Oni-R-B5): Following 

the induction phase, explants were transferred to regeneration 

media with modified hormonal profiles favoring shoot 

morphogenesis and embryo development. The regeneration 

media contained kinetin (1.0 mg/L) and NAA (0.2 mg/L), a 

combination found effective for monocot regeneration. 

 

In-Vitro Regeneration, Subculture, and Ploidy Assessment 

Following ovary culture initiation, responsive explants showing 

embryogenic or callogenic changes were selected for subculture. 

In total, 850 ovaries were cultured per treatment group, of which 

630 explants in MS medium and 730 in B5 medium progressed 

to subculture. These were transferred to their respective 

regeneration media (Oni-R-MS or Oni-R-B5), where embryo-

like structures were monitored and subcultured at regular 

intervals. Regenerated shoots were allowed to elongate before 

being transferred to rooting media and subsequently 

acclimatized under controlled conditions. For ploidy analysis, 

regenerated plantlets were subjected to flow cytometry using 

propidium iodide staining and Galbraith’s buffer. Leaf tissues 

were compared against a diploid Allium cepa standard, and 

nuclear DNA content was used to distinguish haploid (N), 

doubled haploid (DH), and chimeric (mix) plants based on 

fluorescence peaks. This approach enabled genotype-wise 

quantification of regeneration success and DH efficiency across 

the two media systems (Domblides et al., 2022; Dhatt & Thakur, 

2014; Jakše et al., 2010) [8, 7, 14]. 

 

Results and Discussion  

Embryo Induction Efficiency: A comparative analysis of 

embryo induction demonstrated a marked difference in the 

responsiveness of onion ovaries to the two basal media used. 

Out of 850 ovaries cultured in each treatment, only 9 embryos 

were induced on MS medium, resulting in a low induction rate 

of 1.05%. In contrast, Gamborg B5 medium produced 46 

embryos from the same number of cultured ovaries, 

corresponding to a significantly higher induction rate of 5.41%. 

This fivefold increase underscores the superior efficacy of B5 

medium in facilitating embryogenesis from ovary explants. 

Notably, all four genotypes tested showed improved embryo 

induction on B5 medium, indicating that this enhanced response 

was consistent across different genotypes and not limited to any 

specific type. 

 

Genotype-wise Embryo Induction Response: Genotype-

specific analysis of embryo induction revealed significant 

variation in responsiveness among the four tested lines. Under 

MS medium, induction rates ranged from 0.5% (E606) to 1.6% 

(E247), indicating a relatively low potential for embryogenesis. 

However, all genotypes exhibited a notable improvement when 

cultured on B5 medium. E604 and E247 achieved the highest 

induction rate at 6.0%, followed closely by E611 at 5.0% and 

E606 at 4.5%. Among the genotypes, E247 consistently 

showcased a superior embryogenic response under both media 

conditions, with its performance being particularly pronounced 

on B5 medium. These findings suggest a genotype × media 

interaction, wherein both genetic background and nutrient 

composition play significant roles in influencing the efficiency 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 466 ~ 

of in vitro embryo formation. 

 

Plant Regeneration and Ploidy Determination: The 

comparative evaluation of plant regeneration and ploidy 

stabilization demonstrated a significant advantage of Gamborg 

B5 medium over Murashige and Skoog (MS) medium in 

facilitating shoot regeneration and the recovery of haploid and 

doubled haploid (DH) plants in Allium cepa L. Under the B5 

treatment, 34 shoots were successfully regenerated and 

established, in stark contrast to the mere 4 shoots obtained from 

the MS group. Flow cytometric analysis indicated that, among 

the regenerants derived from B5, 67.64% were haploid, 23.52% 

were DH, and 8.82% displayed mixed ploidy status. In 

comparison, the MS group produced only one DH plant, one 

haploid plant, and one chimeric plant. These findings highlight 

the superior morphogenic and genomic stabilization capabilities 

of the B5 formulation, likely due to its unique ionic composition 

and improved compatibility with monocot tissue physiology. 

The consistently higher regeneration efficiency and ploidy 

normalization observed across all genotypes further reinforce the 

conclusion that Gamborg B5 medium provides a more favorable 

biochemical and hormonal environment for ovary-derived 

haploid technology in onion breeding programs. 

The study underscores the superiority of Gamborg B5 medium 

for in vitro haploid induction and plant regeneration in onion. 

The higher efficiency of B5 medium may be attributed to its 

distinct ionic composition and better compatibility with monocot 

tissue physiology. The findings align with previous research, 

which highlights the importance of optimizing culture media to 

enhance tissue growth and plant regeneration, and suggests that 

B5 medium provides a more favourable biochemical and 

hormonal environment for embryogenesis and ploidy 

normalization (Hamdeni et al., 2022; Belgacem & Louhaichi, 

2013; Wiszniewska et al., 2012) [13, 1, 2766]. Haploid and doubled 

haploid (DH) technology offers significant advantages in plant 

breeding by rapidly producing homozygous lines, accelerating 

crop improvement (Germanà, 2011a) [11]. In onion, both anther 

culture and unpollinated ovary culture have been successful for 

haploid induction. Gamborg's B5 medium has shown superior 

results compared to MS medium for embryo induction and 

survival in multiplier onion, with B5 producing more haploids 

and DHs (Adhiyamaan et al., 2019) [25]. Similarly, B5 medium 

supplemented with 2,4-D, BA, and 10% sucrose was optimal for 

haploid induction in unpollinated onion ovaries (Mathapati et 

al., 2018) [18]. The effectiveness of haploid induction varies 

among genotypes and is influenced by media composition and 

growth regulators (Cheng et al., 2013; Niazian & Shariatpanahi, 

2020) [4, 21]. These techniques have become integral to breeding 

programs for many crops, offering a powerful tool for 

developing improved varieties (Germanà, 2011b) [12]. 

 
Table 1: Regeneration optimization in different variety of Onion on Basal media (MS) Reported media 

 

 
Note: The Onion ovaries to embryo induction rate are 1.05% 

 
Table 2: Regeneration optimization in different variety of Onion on Basal media (Gambourg B5) Reported media 

 

 
Note: 

1) The onion ovaries to embryo induction rate is 5.4% 

2) The onion regeneration plant to SDH (2N) induction rate is 23% 

3) The onion regeneration plant to Haploid (N) Induction rate is 67.64% 

 

Conclusion 

The study demonstrates the clear superiority of Gamborg B5 

medium over Murashige and Skoog (MS) medium for inducing 

embryogenesis and supporting plant regeneration in Allium cepa 

L. through ovary culture. Enhanced Embryo Induction: B5 

medium achieved a fivefold higher embryogenic response 

(5.41%) compared to MS medium (1.05%), highlighting its 

efficacy in promoting early developmental stages. Genotype-

Specific Success: The genotype E247 exhibited the highest 

embryogenic potential (6.0%), emphasizing the need for 

genotype-specific optimization in tissue culture protocols. B5 

medium produced 34 shoots, significantly outperforming MS 

medium (4 shoots), and yielded a high proportion of haploids 

(67.64%) and doubled haploids (23.52%), crucial for breeding 

applications. These results underscore the potential of B5 

medium as a standardized protocol for haploid and doubled 

haploid production in onion breeding programs. However, the 

variability among genotypes suggests that further research is 

needed to optimize conditions for less-responsive cultivars. 

Future studies could explore the Molecular mechanisms 

underlying B5’s efficiency, the Field performance of 

regenerated plants, and Integration with marker-assisted 

selection to enhance genotype screening. 

 

Acknowledgement 

I would like to convey my heartfelt gratitude to my supervisor, 

Dr. Shashikant Bandewar, for his invaluable guidance, support, 

and encouragement throughout the course of this research. I also 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 467 ~ 

wish to thank Kalash Seeds Pvt. Ltd. in Jalna for providing the 

essential resources and facilities. My appreciation extends to my 

colleagues and friends for their helpful suggestions and moral 

support. Lastly, I am profoundly grateful to my family for their 

patience and understanding. 

  

Conflict of Interest 

The authors declare no conflict of interest related to the findings, 

methodology, or interpretation of results in this study. 

 

References  

1. Belgacem AO, Louhaichi M. The vulnerability of native 

rangeland plant species to global climate change in the West 

Asia and North African regions. Clim Change. 

2013;119(2):451-63. 

2. Bohanec B. Doubled-haploid onions. In: CABI Publishing 

eBooks. 2002. p. 145-57. 

3. Bokore FE, Knox R, Cuthbert RD, Ruan Y, DePauw RM. 

Effects of media supplements on doubled haploid 

production in durum wheat. Can J Plant Sci. 2016. 

4. Cheng Y, Ma RL, Jiao YS, Qiao N, Li TT. Impact of 

genotype, plant growth regulators and activated charcoal on 

embryogenesis induction in microspore culture of pepper 

(Capsicum annuum L.). South African Journal of Botany. 

2013;88:306-9. 

5. Chikh-Rouhou H, Singh S, Priyadarsini S, Mallor C. Onion 

Male Sterility: Genetics, Genomics and breeding. 

Horticulturae. 2025;11(5):539. 

6. Cramer CS, Mandal S, Sharma S, Nourbakhsh SS, Goldman 

I, Guzman I. Recent advances in onion genetic 

improvement. Agronomy. 2021;11(3):482. 

7. Dhatt AS, Thakur P. Production of Doubled haploids in 

Onion: a review. Journal of Horticultural Sciences. 

2014;9(2):107-12. 

8. Domblides E, Ermolaev A, Belov S, Kan L, Skaptsov M, 

Domblides A. Efficient Methods for Evaluation on Ploidy 

Level of Cucurbita pepo L. Regenerant Plants Obtained in 

Unpollinated Ovule Culture In vitro. Horticulturae. 

2022;8(11):1083. 

9. Fayos O, Vallés MP, Garcés-Claver A, Mallor C, Castillo 

AM. Doubled haploid production from Spanish onion 

(Allium cepa L.) germplasm: embryogenesis induction, 

plant regeneration and chromosome doubling. Front Plant 

Sci. 2015;6. 

10. Gashu G, Ethiopian K. Surface Sterilization Protocol for 

Nodal Cultures of Potato (Solanum tuberosum L.). J Biol 

Agric Healthc. 2021. 

11. Germanà MA. Gametic embryogenesis and haploid 

technology as valuable support to plant breeding. Plant Cell 

Rep. 2011;30(5):839-57. 

12. Germanà MA. Gametic embryogenesis and haploid 

technology as valuable support to plant breeding. Plant Cell 

Rep. 2011;30(5):839-57. 

13. Hamdeni I, Louhaichi M, Slim S, Boulila A, Bettaieb T. 

Incorporation of organic growth additives to enhance in 

vitro tissue culture for producing genetically stable plants. 

Plants. 2022;11(22):3087. 

14. Jakše M, Hirschegger P, Bohanec B, Havey MJ. Evaluation 

of gynogenic responsiveness and pollen viability of selfed 

doubled haploid onion lines and chromosome doubling via 

somatic regeneration. J Am Soc Hortic Sci. 2010;135(1):67-

73. 

15. Khar A, Islam S, Kalia P, Bhatia R, Kumar A. Present status 

of haploidy research in onion (Allium cepa) - A review. 

Indian J Agric Sci. 2019;89(3):396-405. 

16. Liu W, Zheng MY, Polle EA, Konzak CF. Highly Efficient 

Doubled‐Haploid Production in Wheat (Triticum aestivum 

L.) via Induced Microspore Embryogenesis. Crop Sci. 

2002;42(3):686-92. 

17. Mahajan V, Gupta AJ. Onion: Breeding and genomics. Veg 

Sci. 2023;50(Special):244-60. 

18. Mathapati GB, Kalia P, Islam S, Saini N, Kumar A, Khar A. 

Influence of culture media and their compositions on 

haploid induction in Indian short-day onion. Proc Natl Acad 

Sci India Section B Biol Sci. 2018;89(2):739-46. 

19. Mishra MR, Srivastava RK, Akhtar N. Enhanced Alkaloid 

Production from Cell Culture System of Catharanthus 

roseus in Combined Effect of Nutrient Salts, Sucrose and 

Plant Growth Regulators. J Biotechnol Biomed Sci. 

2018;1(4):14-34. 

20. Muren RC. Haploid Plant Induction from Unpollinated 

Ovaries in Onion. HortScience. 1989;24(5):833-4. 

21. Niazian M, Shariatpanahi ME. In vitro-based doubled 

haploid production: recent improvements. Euphytica. 

2020;216(5):69. 

22. Ochar K, Kim S. Conservation and Global Distribution of 

Onion (Allium cepa L.) Germplasm for Agricultural 

Sustainability. Plants. 2023;12(18):3294. 

23. Owen H, Wengerd D, Miller A. Culture medium pH is 

influenced by basal medium, carbohydrate source, gelling 

agent, activated charcoal, and medium storage method. 

Plant Cell Rep. 1991;10(11). 

24. Rivas-Sendra A, Corral-Martínez P, Camacho-Fernández C, 

Seguí-Simarro JM. Improved regeneration of eggplant 

doubled haploids from microspore-derived calli through 

organogenesis. Plant Cell Tissue Organ Cult (PCTOC). 

2015;122(3):759-65. 

25. Adhiyamaan S, Arumugam T, Gnanam R, Shoba 

Chinamania K. Haploid Induction in Multiplier Onion 

(Allium cepa var aggregatum) through in vitro Gynogenesis. 

Madras Agric J. 2019;106(Spl). 

26. Wetzstein HY, Kim C, Sommer HE. Vessel volume, gelling 

agent, and basal salts affect pH and gel strength of 

autoclave tissue culture media. HortScience. 

1994;29(6):683-5. 

27. Wiszniewska A, Hanus-Fajerska E, Grabski K, Tukaj Z. 

Promoting effects of organic medium supplements on the 

micropropagation of promising ornamental Daphne species 

(Thymelaeaceae). In vitro Cell Dev Biol - Plant. 

2012;49(1):51-9. 

https://www.agronomyjournals.com/

