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Abstract 

 

An efficient and reproducible in vitro regeneration process is required for the production of abiotic stress 

tolerance in rice through biotechnological approaches. In this study, optimization of culture media, callus 

induction, and plant regeneration of five Aman rice genotypes viz. BRRI dhan34, BRRI dhan51, BRRI 

dhan71, BRRI dhan79, and BRRI dhan95 were considered and mature seeds of those genotypes were 

collected from BRRI Regional Station, Rajshahi. To investigate the effects of different concentrations of 

2,4-D and other plant growth regulators on callus induction and regeneration some experiments were 

conducted and evaluated. Two basal media viz. MS and N6 were considered for the experiments out of 

four (MS, B5, N6 and SK-3) studied previously under this research works. It was observed that all five 

rice genotypes showed higher callus induction on MS medium supplemented with 3.0 mg/l 2,4-D than 

other concentrations. Based on callus induction data were recorded and BRRI dhan34, BRRI dhan51, 

BRRI dhan71, BRRI dhan79 and BRRI dhan95 gave 63.4%, 50.4%, 40.4%, 58% and 53% embryogenic 

calli, induction respectively. In combination with BAP (2.0 mg/l), Kin (2.0 mg/l) and NAA (0.5 mg/l) added 

to MS medium data showed better performance on regeneration. They can be used as a baseline for 

demand-driven in vitro rice propagation, providing useful information that can be combined with other 

agronomic features in rice development to improve the abiotic stress-tolerant cultivars through 

biotechnological methods in future. 
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Introduction 

Rice is one of the most important cereal crops in the world including Bangladesh. Almost 50% of the world's 

population relies primarily on rice as their source of energy, making it one of the essential staple food crops. 

By 2050, the global population will have risen to 9.5, necessitating a 70% increase in food production 

(Sandhu and Kumar 2017). As a result, it is necessary to boost rice productivity by overcoming the lower 

crop output brought on by numerous biotic and abiotic challenges. The Government of Bangladesh currently 

emphasized to boost domestic rice production to meet the needs of the nation's expanding population. 

Bangladesh plans to boost its level of food security to 80% by 2030, which will increase demand for food. But 

rice production is threatened by various abiotic and biotic stress. Salinity is the main problem in coastal areas 

in Bangladesh which affects rice cultivation. In these areas Aman is the main crop which is affected by the 

salinity problem. To address these obstacles, new rice varieties could be developed using a combination of 

traditional breeding, genetic engineering and in vitro tissue culture methods (Khatun et al. 2010). Earlier 
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studies revealed that the indica rice genotypes resistance to diverse in vitro tissue culture conditions was 

mostly due to its inferior callusing and regeneration capacities (Silva 2010) compared to the japonica 

subspecies (Kalhori et al. 2017). Somatic embryogenesis is an important method for plant propagation that 

can be used in a variety of projects aimed at agricultural improvement (Karthikeyan et al. 2009, Talapatra et 

al. 2014, Haque et al. 2015 & 2019). The position of embryonic cells, which reveals the mechanisms driving 

cell growth as well as the ability for regeneration that is used in plant biotechnology, highlights the earliest 

stage of secondary embryogenesis induction (Zimmerman 1993, Morshed et al. 2014 & 2016, Wójcikowska 

and Gaj 2017). Efficient callus induction and plant regeneration are the main procedures in this process 

before executing any genetic improvement program (Datta 2004, Rahman et al. 2010, Haque et al. 2015, 

Dievart et al. 2016). Somatic embryogenesis has also been related to successful regeneration, necessitating 

the development of embryogenic calli (Haque et al. 2015, Islam and Haque 2016). For the formation of calli 

and ensuing regeneration, exogenously administered plant growth regulators (PGRs) of the right type and 

concentration are required (Nic-Can and Loyola-Vargas 2016, Seldimirova et al. 2016, Wójcikowska and Gaj 

2017). As PGRs 2,4-D alone or in combination with 1-naphthalene acetic acid (NAA) have been used to 

successfully induce rice callus was reported by Hiei and Komari (2008) and Zuraida et al. (2011).  

For somatic embryogenesis MS medium is most widely used as a basal medium for indica and japonica rice 

varieties. Highest callus induction was reported from basmati rice cv. 370 in MS medium supplemented with 

2.0 mg/l 2,4-D by Hiei and Komari (2008). Khatun et al. (2010) achieved somatic embryos in N6 and MS 

medium where they used 2.0 mg/l 2,4-D and kinetin as PGRs, respectively. There are some reports using 

N6, LS and SK1 media which gave a better response on in vitro tissue culture in rice than others (Islam et al. 

2013, Khatun et al. 2010 & 2012). In addition to the composition of culture media, the concentrations of plant 

growth regulators also influence the process of callus induction and regeneration in rice (Mohiuddin et al. 

2006). Khatun et al. (2010) tested two basal media e.g. MS and N6 for callus induction in five indica rice 

genotypes. For in vitro micropropagation and advance biotechnological research a suitable protocol is very 

essential, particularly for callus induction, multiplication and plantlet regeneration of rice in Bangladesh. As 

far as it is known, till now there is not enough report on efficient regeneration system for Bangladeshi indica 

rice genotypes. Therefore, this study was undertaken with the following objectives- i) to screen the suitable 

indica rice cultivars for in vitro culture systems as well as for callus induction and plant regeneration for 

advanced biotechnological research, and ii) to investigate the effect of various media and PGRs for efficient 

callus induction and plant regeneration with stress pre-treatments factors.   
               

Materials and Methods 

Plant materials 

Till now the Bangladesh Rice Research Institute-BRRI (Bangladesh Rice Knowledge Bank 2024; 

http://knowledgebank-brri.org/brri-rice-varieties) introduced a number of 103 rice released varieties (Boro = 

41, Aus = 21 and Aman = 41). Rice is cultivated as Aus, Aman or Boro throughout the year in Bangladesh. 

To improve callus induction and plant regeneration, five Aman rice genotypes namely BRRI dhan34, BRRI 

dhan51, BRRI dhan71, BRRI dhan79, and BRRI dhan95 have been selected for this experiment. Mature 

seeds of those rice varieties were collected from BRRI Regional Station, Shaympur in Rajshahi.  
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Seed sterilization and culture media 

The dehusked seeds were surface sterilized by dipping in 3% sodium hypochlorite for five minutes, then in 

95% ethanol for twenty seconds (from dipping to washing with distilled water), and finally washed 5-6 times 

in sterile distilled water (Abuhena et al. 2022). The seeds were then shaked on an orbital shaker at 120 rpm 

for 30 minutes. The sterilized seeds were rinsed 3 times with sterile double-distilled water and then blot dried 

on sterilized filter paper before inoculation. Then the surface sterilized seeds were carefully inoculated into 

MS (Murashige and Skoog 1962 and N6 (Chu et al. 1975) media. Different modes of incubation were 

assessed based on the germination percentage following the formula mentioned below- 

      

Effect of media and plant growth regulators on callus induction  

To find out the effect of different doses (1-3 mg/l) of 2,4-D two basal media like MS and N6 were considered 

in this case. Before autoclaving, the pH of the media was adjusted to 5.7 to 5.8. Culture medium was 

sterilized for 20 minutes at 121°C and 15 psi (103.4 kPa) and the sterilized medium was dispensed to the 

Petri dishes having 20-25 ml each. In order to maintain sterility, 20-25 ml of medium was then added to Petri 

dishes. In aseptic conditions, sterilized seeds were horizontally cultivated on the medium and incubated them 

at 25°C in the dark. After 3 weeks of culture, the frequency of callus induction was measured. The petri 

dishes were sealed with parafilm and incubated them at 27±2°C in the dark for three to four weeks. Then the 

vessels were kept under 36 Watt white fluorescent lamps with light intensity of 5000 lux at 16/8 hours cycle 

of light/dark. The temperature of growth chamber was maintained at 25±1°C.  

Plant regeneration and acclimatization 

Four to five weeks old calli derived from five Aman rice cultivars were used for regeneration, which were then 

placed on plant regeneration medium (RM) containing MS and N6 basal media supplemented with BAP (1.0 

- 2.0 mg/l), Kin (1.0 - 2.0 mg/l) and NAA (0.5 mg/l). As gelling agent 4.0 g/l of phytagel (Sigma-Aldrich) were 

used before autoclaving. Four different concentration of PGRs e.g. (i) RM1 = 2 mg/l BAP + 0.5 mg/l NAA, (ii) 

RM2 = 2 mg/l BAP + 0.5 mg/l NAA + 1 mg/l Kin, (iii) RM3 = 2 mg/l BAP + 2 mg/l Kin + 0.5 mg/l NAA, and (iv) 

RM4 = 1 mg/l BAP + 0.5 mg/l NAA + 1 mg/l Kin. Three replicates of each treatment were conducted with 

similar number and amount of calli were inoculated in each time. Thereafter, all cultures were incubated at ± 

2°C with a 16:8 (light/dark) photoperiod. For shoot elongation, the in vitro regenerated plantlets were moved 

into culture tubes containing the same basal media. Every week, the in vitro regeneration response based on 

the commencement of various kinds of green spots was noticed. The plantlets were moved to culture tubes 

containing the same basal medium for shoot elongation after being initiated. After transplanting, the quantity 

of regenerated shoots was counted in every two weeks. The regenerated in vitro plantlets were moved to a 

half-strength basal medium for 7 days without any PGRs for root proliferation. To avoid fungal assaults, the 

plantlet was then carefully rinsed with sterile water to thoroughly remove the adhering media. After that, the 



 Zaman and Islam  86 

in vitro plantlets with good roots were placed in pots of soil to acclimate. The regeneration percentage were 

measured following the formula mentioned below:  

      

Furthermore, the calli and regenerated plantlets were recorded. After replanting the plants into pots with the 

best regeneration media at 2 weeks old, the survival percentage of in vitro grown plantlets under natural 

environmental circumstances was measured. A fully randomized block design was used to set up the 

studies.  

Statistical analysis 

Three replicates of the callus induction frequency and plantlet regeneration were observed. The data 

analysis was carried out in R 2021, and Tukey's test was used to assess mean differences. At the p<0.05 

level, the differences were considered statistically significant. To indicate the significance of the 

discrepancies, distinct means were labelled with different letters (a, b, c, d, and e). 

Results and Discussion 

2,4-D and its effect on callus induction  

Genetic manipulation to improve a variety must start with a high percentage of re-generable embryogenic 

calli was reported by Juturu et al. (2016). For more effective plant regeneration, this study attempted to 

evaluate and enhance the embryogenic potential of calli (Siddique et al. 2014, Ahmad et al. 2016, Abiri et al. 

2017, Mostafiz and Wagiran 2018). In vitro seed derived calli of five indica rice genotypes were examined 

and the developmental stages are shown in Fig. 1 & 2. There were no discernible changes in the CIF- callus 

induction frequency (%) across different media (p<0.001). For all cases in addition of 3.0 mg/l 2,4-D showed 

high yielding calli in a range of 40 - 60% (Fig. 1 & 2). The callus percentage gradually increased with an 

increase in 2,4-D up to 3 mg/l. Fig.1 shows the effect of 2,4-D added to MS medium containing of 3 mg/l for 

BRRI dhan34 (59-63%), BRRI dhan79 (54-58%), BRRI dhan85 (54-58%), BRRI dhan51 (47-50%) and BRRI 

dhan51 (40-42%). Without adding 2,4-D in MS medium used as a control, where there was no sign of callus 

formation. 
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Fig. 1: Calli induction frequency in five rice genotypes supplemented with different concentration of 2,4-D in 
MS medium. Mean values of calli induction frequency marked with the same letters do not differ 
significantly (p≤0.05) in Tukey’s test.  

 

Fig. 2: Calli induction frequency in five indica rice genotypes (BRRI dhan34, BRRI dhan51, BRRI dhan71, 

BRRI dhan79 and BRRI dhan95) supplemented with different concentration of 2,4-D on N6 basal 

medium. Mean values of calli induction frequency marked with the same letters do not differ 

significantly (p≤0.05) in Tukey’s test.  

For somatic embryogenesis, a number of PGRs are essential for cell division and differentiation was reported 

by Haque et al. (2015), and Lee & Huang (2013). Auxin is in charge of the creation of shoots inside various 

PGRs was reported by Meneses et al. (2005). Previous studies showed that callogenesis is mostly 
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influenced by the type and concentration of auxin as well as its external supply (Naik et al. 2017). As a result, 

in this investigation, the control treatment (0.0 mg/l 2,4-D) did not induce any calluses. Additionally, this study 

discovered that higher doses of 2,4-D reduced callus induction (Table 1). 

Table 1: Effects of NS and MS medium on callus induction of five rice genotypes in Bangladesh. 

Season Genotypes 
Basal media 

N6 (% ± SD) MS (% ± SD) 

T. Aman 

 

BRRI dhan95 48.8 ± 5.07bc 53 ± 2.74bc 

BRRI dhan79 54.2 ± 2.77ab 58 ± 2.55ab 

BRRI dhan71 42 ± 4.53c 40.4 ± 5.13d 

BRRI dhan51 47.2 ± 5.81bc 50.4 ± 2.41c 

BRRI dhan34 59.8 ± 3.70a 63.4 ± 1.95a 

Analysis of variance 

Df 4 4 

Sum Square 1493.4 930.8 

Mean Square 373.3 232.70 

F. value   37.41 11.49 

Significance *** *** 

Within column, mean ± SD values. Significance symbol (p<0.05), according to Tukey multiple comparisons 

of means test (n = 5). nsp≥0.05, *p<0.05, **p<0.01, ***p<0.001. Bars without shared letters indicate significant 

differences. 

In comparison to MS for BRRI dhan71, the CIF on N6 was higher. For BRRI dhan95, BRRI dhan79, BRRI 

dhan34, and BRRI dhan51, the CIF on MS was higher than the CIF on N6. However, there was no significant 

difference between MS and N6 (Table 1). The callus percentage of the BRRI dhan71 was practically identical 

to that of the cultures on MS and N6 media. In a previous Rahman et al. (2015) demonstrated that the 

majority of rice calluses were induced from MS medium but with varied auxin treatments. According to the 

current study, auxin affected the frequency of callus induction but varied between types, which is consistent 

with a prior study (Shahsavari et al. 2010). The results of this study also demonstrated that auxin had an 

impact on the responses of several rice types, which were distinct. According to Bevitori et al. (2014), rice 

somatic embryogenesis is influenced by a number of variables, including explant age, donor plant genotype, 

nutritional media, auxin concentration, and ambient circumstances (Islam et al. 2013, Islam and Haque 

2016). 
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Plant regeneration 

It was decided to test the potential of high-quality embryogenic calli for plant regeneration by transferring 

them to regeneration medium (RM). We employed calli from the most responsive callus induction media e.g. 

MS and N6 with 3.0 mg/l 2,4-D to evaluate their efficiency on regeneration. Here, Table 2 displays the 

frequency of plantlet regeneration derived from calli of five rice genotypes under this study. Between the 

regeneration media and various concentration of plant growth regulators plants regeneration (%) of five 

studied rice genotypes were differed (Table 2). In the majority of the types, RM3 and RM2 showed the 

highest plantlet regeneration. Whereas, BRRI dhan79 showed the highest (28-32%) and BRRI dhan95 in 

RM1 showed the lowest (18%) regeneration (Table 2).  

Table 2: The effect of different concentration (mg/l) of BAP + Kin + 0.5 NAA in MS and N6 media on plantlet 

regeneration (%) from the calli of five different rice genotypes. 

Genotypes Treatments 

Shoot regeneration (% ± SE) 

MS N6 

BRRI dhan95 

RM
1
 21.25±1.25 18.75±1.25 

RM
2
 23.75±1.25 21.25±2.39 

RM
3
 25.00±2.04 22.50±1.44 

RM
4
 23.75±1.25 20.00±2.04 

BRRI dhan79 

RM
1
 28.75±1.25 28.75±1.25 

RM
2
 32.50±1.44 23.75±1.25 

RM
3
 32.75±1.25 32.75±1.25 

RM
4
 30.00±2.04 22.50±1.44 

BRRI dhan71 

RM
1
 22.50±1.44 21.25±1.25 

RM
2
 28.75±1.25 23.75±1.25 

RM
3
 28.00±0.00 26.75±1.25 

RM
4
 26.25±1.25 25.00±2.04 
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Contd. Table 2 
 

BRRI dhan51 

RM
1
 27.50±1.44 22.50±1.44 

RM
2
 22.50±1.44 21.25±1.25 

RM
3
 27.75±1.25 26.25±2.39 

RM
4
 18.75±1.25 22.50±1.44 

BRRI dhan34 

RM
1
 26.25±1.25 23.75±1.25 

RM
2
 21.25±1.25 26.25±1.25 

RM
3
 26.50±1.44 24.50±1.44 

RM
4
 23.75±2.39 22.50±1.44 

RM
1 

= 2 mg/l BAP + 0.5 mg/l NAA, RM
2 

= 2 mg/l BAP + 0.5 mg/l NAA + 1 mg/l Kin, RM
3 

= 2 mg/l Kin + 0.5 

mg/l NAA, RM
4 
= 1 mg/l

 
BAP + 0.5 mg/l NAA + 1 mg/l Kin.    

After two weeks of transferring calli to regeneration medium it shows becoming greenish of the calli on the 

RM. After three weeks, the green patches continued to develop into numerous shoot primordia, in vitro 

plantlets, and finally, healthy plants in the pot (Fig. 3 C-G). In the current investigation, it was discovered that 

for all five kinds of rice varieties, the percentage of plantlet regeneration were increased significantly with 

rising of cytokinin (RM3) concentrations in addition to the medium (Table 2). Rahman et al. (2015) analysis 

different culture media and found that NAA showed better performance than others. They also found that 

without NAA, regenerated plantlets were weaker. Higher concentrations of BAP and Kin may enhance the 

first round of cell division and be crucial for somatic embryogenesis and plantlet regeneration was reported 

by Rueb et al. (1994), Haque and Islam (2015 & 2019) and Khatun et al. (2010 & 2012). According to the 

results all five rice genotypes had the greatest impact on plantlet regeneration where 2.0 mg/l BAP + 2.0 mg/l 

Kin + 0.5 mg/l NAA were added in the culture medium. By regulating mitosis, cytokinesis, total protein 

synthesis, lignin biosynthesis, vascular differentiation, and the differentiation of mature chloroplasts from 

protoplastids, kinetin has been shown in a previous study to aid improve somatic embryogenesis (Abe and 

Futsuhara 1986, Morshed et al. 2014 & 2016). On regeneration media, greenish of the callus was noticed 

after 21 days of culture initiation, and all five kinds of rice thereafter showed signs of regenerated shoot and 

plantlet regeneration. Numerous plantlets produced from somatic embryos were successfully acclimated to 

ex-vitro settings. The plant's roots were cleaned before being planted in soil for 10 days (Fig. 3G). The BRRI 

dhan79 had the highest rate of plant survival, followed by BRRI dhan 95, BRRI dhan 34, BRRI dhan 71, and 

BRRI dhan 51. Plants were exposed to their natural surroundings after 10 days. It was noted that plants had 

impressive development after 30 days (Fig. 3G). After two weeks in the natural environment, the plants that 

had been restored on RM3 medium survived perfectly. 
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Fig. 3(A-G): Inoculated of mature rice seeds and several steps for development of calli and its subsequent 

regeneration. A) 4-5 days of inoculated seeds started calli. B) 2-3 weeks old calli separated 

from rice seeds, C) 2-3 weeks old calli were transferred to regeneration medium which showed 

becoming greenish, D) Seed derived calli started to regeneration, E) Green plantlets with good 

root and shoots, F) Plants were grown in pots, G) Plants were transferred to pots after 

successful acclimatization. 

Conclusion 

In this work, five distinct indica rice cultivars were used to examine in vitro callus induction and its 

subsequent regeneration. In this case five rice genotypes, two basal media and various plant growth 

regulators (2,4-D, NAA, Kin, NAA) were examined to improve callus induction and plant regeneration 

frequency. Here, all rice genotypes showed a greater callus induction frequency with 3 mg/l 2,4-D. The 

frequency of callus induction did not significantly differ when 2,4-D and NAA were used in combination. 

Compared to N6 a higher frequency of callus induction was found in MS. The RM3 (modified MS), the 

regeneration was higher than others three combinations. This study demonstrated the potential for the PGRs 

in combination with 2 mg/l BAP, 2 mg/l Kin, and 0.5 mg/l of NAA enhanced regeneration efficiency under the 

studied rice genotypes. Hope those genotypes can be used for further advance research in biotechnology for 

rice improvement in Bangladesh. 
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