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ABSTRACT: The findings underscore the importance of selecting appropriate hormonal combinations for 

maximizing shoot regeneration across different rice varieties. The specific combination of BAP, kinetin, 

and NAA not only facilitated high regeneration rates but also ensured robust growth and survival of the 

regenerated shoots. This hormonal synergy is crucial for the efficient propagation of plantlets in vitro, 
which is a foundational step for various plant breeding and genetic engineering applications. Among the 

tested varieties, Khandagiri exhibited the highest shoot regeneration and survival rates. This variety 

showed a remarkable ability to regenerate shoots under the given hormonal conditions, outperforming the 

other two varieties. The precise shoot regeneration and survival percentages for Khandagiri were at the 

upper end of the observed range, highlighting its responsiveness to the optimized medium. This superior 

performance suggests that Khandagiri has a high intrinsic capacity for shoot regeneration when exposed to 

the combination of BAP, kinetin, and NAA. This makes Khandagiri an excellent candidate for tissue 

culture applications and genetic transformation efforts, as its high regeneration efficiency can significantly 

enhance the success rate of these biotechnological processes. 
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INTRODUCTION 

Plant breeding has been acknowledged as a critical 
strategy for incorporating beneficial traits into crops, 

which significantly helps stabilize food supplies 

essential for the growing global population (Khush, 

2013; Mann, 1999; Ansari et al., 2017). In recent years, 

there has been an increasing demand for a wide range 

of food products, including vegetables, fruits, and 

animal-based goods (Fukase & Martin 2020). This 

demand surge is further complicated by significant 

changes in global climate patterns and the rising 

incidence of biotic and abiotic stress factors 

(Paraschivu et al., 2020). Rice (Oryza sativa L.) is 
particularly crucial in ensuring global food security, 

serving as a staple food for millions of people 

worldwide (Khush, 2013; Hiei & Komari 2006). 

The development of an effective and reproducible 

regeneration system, along with a stable genetic 

transformation, is crucial for advancing rice 

improvement efforts. According to (Kalhori et al., 

2017), the ability to reliably regenerate plants from 

transformed tissues ensures that genetically modified 

plants can be produced consistently. This is 

fundamental for implementing various genetic 
modifications aimed at enhancing desirable traits in 

rice, such as increased yield, pest resistance, and stress 

tolerance. The reproducibility of the regeneration 

system ensures that the genetic modifications can be 
consistently applied across different batches of plants, 

which is essential for large-scale agricultural 

applications and research. Without a reliable system, 

the genetic improvements cannot be effectively utilized 

or studied, hindering progress in rice improvement 

programs. According to Toki et al. (2006), the 

refinement of tissue culture protocols is essential for 

overcoming these challenges. Specifically, the 

development of protocols that can efficiently generate 

embryogenic calli and enable the regeneration of fertile 

plants from a single cell is crucial. Embryogenic calli 
are masses of undifferentiated plant cells that have the 

potential to develop into complete plants. Their 

formation is a critical step in the tissue culture process, 

as it provides the material needed for genetic 

transformation and subsequent plant regeneration. 

MATERIALS AND METHODS 

Plant Materials. To improve callus induction and 

regeneration, three elite indica rice varieties namely 

Lalat, MTU-1010, Khandagiri were selected for this 

experiment. Seeds were collected from breeder seed 

production farm, RRTTS, BBSR. 
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Optimization of callus induction. Following the 
sterilization process, the dried rice seeds were placed on 

sterile filter papers to ensure a contamination-free 

environment. These seeds were then cultured on a 

callus induction medium, specifically Murashige and 

Skoog medium (MS), as initially described by 

Murashige and Skoog in 1962. This medium was 

prepared with ten different treatments, each containing 

various combinations of growth regulators such as 2,4-

Dichlorophenoxyacetic acid (2,4-D), kinetin, and 

Benzyl aminopurine (BAP). Moreover, each 

combination of growth regulators was paired with two 
distinct carbohydrate sources, providing additional 

variables to optimize callus induction (details provided 

in Table 1). The cultivation of the seeds was performed 

in darkness at a controlled temperature of 26°C to 

facilitate the optimal conditions for callus formation. To 

ensure the reliability and reproducibility of the results, 

each experiment included five replications. After an 

incubation period of 10-12 days, the resulting calli 

derived from the mature embryos were carefully sub-

cultured onto fresh MS medium for an additional 5-7 

days. This sub-culturing step is crucial for promoting 
the further development and differentiation of the calli. 

Regeneration of plant. Calli were taken from three 

different rice varieties (Lalat, MTU-1010, Khandagiri) 

and placed on six different regeneration media. These 

cultures were maintained under a 16-hour light/8-hour 

dark photoperiod at 26 ± 2°C. After successful in vitro 

regeneration, the plantlets were transferred to culture 

tubes containing the same MS basal medium to promote 

shoot elongation. The regeneration process was 

monitored daily by observing the appearance of green 

spots, indicating a positive response. Once the plantlets 

emerged, they were moved to culture tubes with the 
same MS basal medium to encourage further shoot 

growth. The number of regenerated shoots was 

recorded every two weeks. For root proliferation, the in 

vitro regenerated plantlets were transferred to a half-

strength MS basal medium supplemented with seven 

different concentrations of rooting hormones and 

sucrose for 10 days. 

Acclimatization. The acclimatization process is a 

critical phase for the successful transition of plantlets 

derived from somatic embryos from an in vitro 

environment to natural growing conditions. This 
process ensures that the young plantlets can adapt to 

soil conditions and continue their growth and 

development. 

Transfer to Soil Mixture. The plantlets derived from 

somatic embryos were transferred to a carefully 

prepared soil mixture consisting of sand, soil, and cow 
dung in a ratio of 1:2:1. This specific combination was 

chosen to provide an optimal balance of drainage, 

aeration, and nutrients. Sand ensures proper drainage 

and prevents waterlogging, soil provides essential 

minerals and a medium for root growth, and cow dung 

adds organic matter and nutrients, promoting healthy 

growth. 

Greenhouse Conditions. Once transplanted, the 

plantlets were placed in a greenhouse where the relative 

humidity was maintained at 85%. This controlled 

environment is crucial for acclimatization, as it protects 
the delicate plantlets from external stressors such as 

harsh weather conditions, pests, and diseases. The high 

humidity helps reduce transpiration and prevents the 

young plants from drying out, facilitating their 

adjustment to the new growing medium. 

RESULTS AND DISCUSSION 

The highest frequency of callus induction was achieved 

using Murashige and Skoog (MS) medium 

supplemented with specific concentrations of growth 

regulators. The optimal combination was found to be 

3.0 mg/l of 2, 4-Dichlorophenoxyacetic acid (2,4-D) 
and 0.25 mg/l of Benzylaminopurine (BAP). This 

combination proved to be highly effective in promoting 

the initiation and proliferation of callus tissue from the 

explants. Across the three tested indica rice varieties, 

the callus induction percentage varied, ranging from 

38.15% to 82.45%. This indicates that the effectiveness 

of the hormonal treatment can differ based on the 

genetic background of the variety. Among the tested 

varieties, MTU1010 exhibited the highest callus 

induction rate at 82.45%. This high percentage suggests 

that MTU1010 is particularly responsive to the chosen 

hormonal combination, making it an excellent 
candidate for tissue culture and subsequent genetic 

transformation studies. Following MTU1010, the 

variety Khandagiri showed a substantial callus 

induction rate of 72.68%. This result also indicates a 

good response to the 2,4-D and BAP supplementation, 

though slightly less pronounced than MTU1010. 

Among various exogenously applied hormones, auxins 

are particularly effective in promoting the conversion of 

somatic cells to embryogenic cells. Studies by Cooke et 

al. (1993), (Khalequzzaman et al., 2005; Sridevi et al., 

2005; Tyagi et al., 2007; Hoque et al.,2013) have 
demonstrated that 2,4-D is one of the most effective 

growth regulators for achieving this conversion (Fig. 1). 

 
Fig. 1. Effect of 2,4 D on callusing of MTU-1010, Lalat and  Khandagiri. 
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The highest frequency of shoot regeneration was 
achieved using Murashige and Skoog (MS) medium 

supplemented with a specific combination of growth 

regulators. The optimal concentrations identified were 

1.5 mg/l of Benzylaminopurine (BAP), 1 mg/l of 

kinetin, and 0.1 mg/l of Naphthaleneacetic acid (NAA). 

This precise blend of hormones was found to be the 

most effective in promoting shoot induction and 

subsequent growth. (fig2). The percentage of shoot 

regeneration varied significantly across the tested indica 

rice varieties, ranging from 39.28% to 69.66% (detailed 

in Table 1). This variation indicates that the hormonal 
treatment's effectiveness can differ based on the specific 

genetic makeup of each variety. Among the tested 

varieties, Khandagiri exhibited the highest shoot 

regeneration and survival rates. This variety showed a 

remarkable ability to regenerate shoots under the given 

hormonal conditions, outperforming the other two 

varieties. The precise shoot regeneration and survival 

percentages for Khandagiri were at the upper end of the 

observed range, highlighting its responsiveness to the 

optimized medium. 

Table 1: The effect of different concentration (mg/L) of BAP (6-benzylaminopurine) + Kinetin + 0.5 NAA in 

MS medium on shoot regeneration 

Treatment Name 
Treatment (mg/l) Plantlet Regeneration (%) 

BAP NAA Kinetin MTU-1010 LALAT KHANDAGIRI 

RT1 2.0 0.5 0.5 58.25 45.58 59.62 

RT2 2.5 0.5 0.5 53.44 42.14 57.23 

RT3 2.0 0.25 0.5 63.78 49.25 63.86 

RT4 1.5 0.1 1 67.21 57.60 69.66 

RT5 2.5 0.5 1 48.42 39.28 47.83 

RT6 2.0 0.5 1 52.28 43.45 54. 15 

 
Fig. 2. Callus Induction and plant regeneration through somatic embryogenesis of four Oryza sativa indica rice. 

CONCLUSIONS 

The findings underscore the importance of selecting 

appropriate hormonal combinations for maximizing 

shoot regeneration across different rice varieties. The 

specific combination of BAP, kinetin, and NAA not 

only facilitated high regeneration rates but also ensured 

robust growth and survival of the regenerated shoots. 

This hormonal synergy is crucial for the efficient 

propagation of plantlets in vitro, which is a 

foundational step for various plant breeding and genetic 

engineering applications. Among the tested varieties, 

Khandagiri exhibited the highest shoot regeneration and 

survival rates. This variety showed a remarkable ability 

to regenerate shoots under the given hormonal 

conditions, outperforming the other two varieties. The 

precise shoot regeneration and survival percentages for 

Khandagiri were at the upper end of the observed range, 

highlighting its responsiveness to the optimized 

medium. This superior performance suggests that 

Khandagiri has a high intrinsic capacity for shoot 

regeneration when exposed to the combination of BAP, 

kinetin, and NAA. This makes Khandagiri an excellent 

candidate for tissue culture applications and genetic 

transformation efforts, as its high regeneration 

efficiency can significantly enhance the success rate of 
these biotechnological processes. 
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