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ABSTRACT 
 

The investigation entitled “In vitro regeneration studies in rice (Oryza sativa L.)” was carried out in 
tissue culture laboratory at Plant Biotechnology Centre, College of Agriculture, Dapoli-Ratnagiri 
(M.H.) in Completely Randomized Design with 3 replications. The aim of the research was to set up 
the in vitro regeneration protocol in the three rice varieties, viz, Ratnagiri-8, Karjat Shatabdi, Karjat-3 
with an objective to investigate suitable callus induction medium and develop an efficient 
regeneration technique for genetic transformation. Mature seed embryo was used as explant for 
callus initiation. The callusing ability of the varieties was tested on 12 medium combinations with 
different concentrations of 2,4-D and NAA, their combinations and one control treatment. Medium 
combination T2: MS + 2,4-D (2.0 mg/l) + NAA (0.5 mg/l) gave the highest callus induction in 
Ratnagiri-8 and Karjat Shatabdi with a callus induction frequency of 66.67 % and 53.33 % 
respectively and callus weight of 0.367 g and 0.290 g respectively. Karjat-3 showed highest callus 
induction for medium combination T3: MS + 2,4-D (2.0 mg/l) +NAA (1.0 mg/l) with a callus induction 
frequency of 68.33 % and callus weight of 0.392 g. Embryogenic, soft, friable callus with granular 
texture and yellowish white colour was obtained from all media combinations in all three varieties. 
The regeneration ability of the varieties was tested on 15 medium combinations with different 
concentrations of BAP and Kinetin, their combinations and one control treatment. The shoot and 
root induction was obtained on same medium. The highest regeneration was observed for T5: MS + 
BAP (2.5 mg/l) in Ratnagiri-8 and Karjat Shatabdi with a shoot induction frequency of 83.33% and 
73.67% respectively and root induction frequency of 76.33% and 64.67% respectively. In Karjat-3, 
highest regeneration was observed for T6: MS + BAP (3.0 mg/l) with a shoot and root induction 
frequency of 78.33% and 69.00% respectively. 
 

 

Keywords: Callus induction; regeneration; shoot induction; root induction. 
 

1. INTRODUCTION 
 
Roughly half of the world population, including 
virtually all of East and Southeast Asia, is wholly 
dependent upon rice as a staple food; 95 percent 
of the world’s rice crop is eaten by humans 
(Anonymous, 2024). There is an everyday 
increasing demand of rice production for 
increasing population in the developing 
countries. The option for increasing the cultivated 
area seems to be of less value as agricultural 
lands are being converted to residential areas. 
Being a staple food for most of the developing 
worlds, nutritional improvement of rice can also 
help in decreasing the evil of malnutrition in the 
developing worlds. The most viable option, 
therefore, is to increase the productivity by 
utilizing the novel biotechnological tools. These 
days, traditional plant breeding methods aim to 
improve things by leveraging different aspects of 
biotechnology, such as introducing new genes 
through genetic transformation, producing male 
sterile lines through protoplast fusion, achieving 
rapid homozygosity through haploid generation, 
and increasing trait variability through 
somaclonal variation (Hoque et al., 2007). 
 
Genetic engineering is strongly dependent on 
genotype and availability of an efficient in vitro 
plant regeneration method (Aananthi & 

Anandakumar, 2020). Although rice tissue 
culture has been the subject of numerous 
publications, regeneration in indica rice remains 
a challenging endeavor due to significant 
genotype dependence (Wani et al., 2011). In 
general, because of poor regeneration abilities, 
indica cultivars are recalcitrant to various 
biotechnological advances (Kumar et al., 2008). 
Therefore, identification and screening of useful 
cultivars for embryogenic callus formation and 
subsequent in vitro plant regeneration are key 
steps in rice genetic improvement programme 
through application of biotechnology (Hoque & 
Mansfield, 2004). In vitro plant regeneration in 
rice has been obtained from almost all types of 
explants (Hoque et al., 2013). However, there 
was significant diversity in embryogenic callus 
formation, somatic embryogenesis, and 
subsequent plant regeneration across various 
origins. Compared to other explants, using 
mature seed embryos as starting material offers 
a clear benefit for in vitro regeneration in rice. 
The use of mature seed embryos as starting 
material has distinct advantage for in vitro 
regeneration over other explants in rice (Wani et 
al., 2011). Dehusked rice seed culture is a 
valuable technique to exploit somaclonal 
variation. However, factors such as plant 
genotype, the culture methods, selection of 
explant, the media and the culture conditions 

https://www.britannica.com/place/Southeast-Asia
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influence culture efficiency thereby limiting it’s 
application. Moreover, embryogenic calli 
obtained from mature seed embryos are efficient 
in indica rice transformation. Consequently, the 
primary stages in crop plants that can be altered 
by biotechnological methods and to take 
advantage of somaclonal diversity are callus 
formation and regeneration. 
 
Genotype and nutrient media are the most 
important factors which affect callus induction 
and subsequent plant regeneration. 
 
Keeping in view, the above important aspects, 
the present investigation was carried out with the 
objectives to investigate suitable callus induction 
medium in rice and development of in vitro 
regeneration techniques in rice which can be 
utilized for future genetic transformation 
technology. 
 

2. MATERIALS AND METHODS  
 
The experiment was conducted in tissue culture 
laboratory at Plant Biotechnology Centre, 
College of Agriculture, Dapoli-Ratnagiri in 
Completely Randomized Design with three 
replications. 
 

2.1 Plant Material and Explant 
 
Mature seed embryo was used as explant for the 
three varieties, viz, Ratnagiri-8, Karjat Shatabdi 
and Karjat-3 developed by DBSKKV, Dapoli-
Ratnagiri, Maharashtra, India.  
 

2.2 Media Preparation and Sterilization 
 
The basal medium developed by Murashige & 
Skoog (1962) was used with certain additions of 
various concentrations and combinations of 
PGR. After addition of various kinds of adjuvants 
(after bringing stock solutions to room 
temperature) to MS basal medium as per 
requirement, the pH of medium was adjusted to 
5.8 using 0.1 N NaOH or 0.1 N HCl. 
 
The final volume was adjusted as required and 
then media was dispensed in suitable container 
and heated and then 2.6 g/l agar and 1 g/l gelrite 
was added to the medium and heated until 
boiled. 
 
The medium was poured in sterilized glass test 
tubes and sealed with non absorbent cotton plug. 
The culture tubes were then sterilization by 
autoclaving the tubes using horizontal steam 

sterilizer at 121°C and 15 lbs/in2 pressure for 20 
min. After sterilization the medium was allowed 
to solidify and culture tubes were stored in 
undisturbed place for at least 2 days before use 
to check for any contamination. 
 

2.3 Sterilization of Seeds 
 
Mature embryos were used as initial explants. 
Explants were brought to laboratory and husk 
from the seed was removed and the seeds were 
taken in 1 sterilized glass jar. The seeds were 
then washed with distilled water to remove the 
dirt present on the seeds. The seeds were 
dipped in polysolvent Tween 20 (1%) for 20 min. 
The solution was discarded and seeds were 
washed once with distilled water. The seeds 
were then treated with Bavistin (0.1%) and 
streptomycin (0.05%) solution for 30 min. The 
solution was discarded and explants were again 
washed with distilled sterilized water for 2 times. 
Next steps were performed in Laminar Air Flow 
cabinet. 
  
The culture tubes of media combinations, glass 
jars with distilled water and solutions required for 
sterilization were placed in Laminar Air Flow 
bench and exposed to UV rays for 15 min. for 
sterilization. Explant containing glass jar was 
brought to Laminar air flow bench and all 
explants were transferred in pre sterilized empty 
glass jar. These explants were again treated with 
Bavistin (0.1%) and streptomycin (0.05%) 
solution for 30 min. The solution was discarded 
and explants were washed with DSW for 2 times. 
Then explants were treated with 70% ethyl 
alcohol for 45 seconds. The solution was 
discarded and explants were washed with DSW 
for 2 times. The explants were then treated with 
0.1 % of Mercuric Chloride (HgCl2) solution for 4 
min. The solution was discarded and explants 
were finally washed with DSW for 6 times. Finally 
the explants were inoculated on medium for 
callus induction. 
 

2.4 Inoculation of Seeds and Incubation 
 
The treated explants were inoculated on callus 
induction media (20 seeds/ treatment) in culture 
tubes containing MS basal medium with different 
concentrations and combinations of PGR using 
aseptic culture technique. The culture tubes were 
then incubated in culture room in dark conditions 
and observed for callus establishment.  
 
Following medium combinations were used for 
callus establishment through Embryo culture: 
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List 1. List of treatment details used for the 
study 

 

Sr. No. Treatments (mg/l) 

T0 Control 
T1 MS + 2,4-D (2.0)  
T2 MS + 2,4-D (2.0) + NAA (0.5) 
T3 MS + 2,4-D (2.0) + NAA (1.0) 
T4 MS + 2,4-D (2.0) +NAA (1.5) 
T5 MS + 2,4-D (2.0) + NAA (2.0) 
T6 MS + 2,4-D (2.0) + NAA (2.5) 
T7 MS + 2,4-D (2.5)  
T8 MS + 2,4-D (2.5) + NAA (0.5) 
T9 MS + 2,4-D (2.5) + NAA (1.0) 
T10 MS + 2,4-D (2.5) + NAA (1.5) 
T11 MS + 2,4-D (2.5) + NAA (2.0) 
T12 MS + 2,4-D (2.5) + NAA (2.5) 

 

The per cent callus induction was calculated as 
follows: 
 

Callus induction frequency (%) = 
No.of seeds with calli

No.of seeds inoculated
 × 100 

 

2.5 Sub Culturing of Callus for 
Proliferation 

 

The inoculated explants were observed for callus 
induction and calli were sub cultured on media 
showing highest callus induction frequency for 
proliferation. 
 

2.6 Inoculation of Callus for Regeneration 
 

The callus prolifered on nutrient medium was cut 
into pieces of 100 mg and inoculated on 
regeneration media (20 callus/treatment) and 
observed for shoot initiation and multiplication 
and root induction. 
 

The following medium combinations were used: 
 

List 2. Medium combinations used for the 
study 

 

Sr. No. Treatments (mg/l) 

T0 Control (only MS basal medium) 
T1 MS + BAP (0.5) 
T2 MS + BAP (1.0) 
T3 MS + BAP (1.5) 
T4 MS + BAP (2.0) 
T5 MS + BAP (2.5) 
T6 MS + BAP (3.0) 
T7 MS + Kin (0.5) 
T8 MS + Kin (1.0) 
T9 MS + Kin (1.5) 
T10 MS + Kin (2.0) 
T11 MS + Kin (2.5) 
T12 MS + BAP (2.5) + Kin (1.0) 
T13 MS + BAP (2.5)+ Kin (1.5) 
T14 MS + BAP (3.0) + Kin (1.0) 
T15 MS + BAP (3.0) + Kin (1.5) 

The results regarding in vitro plantlet 
regeneration in 15 medium combinations for the 
three varieties were determined with respect to 
shoot induction frequency and root induction. 
The regeneration frequency was calculated as 
follows: 
 
Regeneration frequency (%) = 
 

No.of calli inoculated with shoot/root

No.of calli inoculated
 × 100 

 

2.7 Statistical Analysis 
 
The study was conducted under well defined 
controlled laboratory conditions. Hence, 
Completely Randomized Design (CRD) was 
applied for the experiment and data was 
analysed by following the standard methods 
(Panse & Sukhatme, 1967).  

 
3. RESULTS AND DISCUSSION 
 
3.1 Callus Induction 
 
3.1.1 Medium combination showing highest 

callus induction and Callusing ability 
(Callus induction frequency) of varieties 
on different media combinations 

 
No callus induction was observed for control 
treatment T0. The callus induction frequency 
decreased with increasing concentrations of 2, 4-
D above 2.0 mg/l and NAA @ 0.5-1.0 mg/l. 
Treatment T2 and T3 performed better than 
others. T2 was significantly superior over all other 
treatments in Ratnagiri-8 and Karjat Shatabdi 
with a callus induction frequency of 66.67% and 
53.33% respectively (Table 1) and callus weight 
of 0.367g and 0.290g (Fig. 1), respectively and it 
was followed by T3 with a callus induction 
frequency of 61.67% and 43.67% (Table 1) and 
callus weight of 0.339g and 0.263g, respectively 
(Fig. 1). However, in Karjat-3 the highest callus 
induction and weight was obtained in T3 with a 
callus induction frequency of 68.33% and weight 
0.392g followed by T2 with a frequency of 62.67 
% and weight 0.364g (Table 1 and Fig. 1). The 
lowest callus induction and weight was recorded 
for T12 in all the three varieties with a frequency 
of 14.67%, 11.67% and 21.67% respectively and 
weight of 0.234 g, 0.198 g and 0.242 g 
respectively (Table 1 and Fig. 1). 

 
Irrespective of media combinations and with 
respect to varieties the highest callus induction 
and weight was observed in Karjat- 3 followed by 
Ratnagiri-8 and Karjat Shatabdi. 
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Table 1. Observations recorded for callusing ability 
 

Observations Callus induction frequency (%) Days required for callus induction 

Treatments Ratnagiri-8 Karjat 
Shatabdi 

Karjat-3 Ratnagiri-8 Karjat 
Shatabdi 

Karjat-3 

T0 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 

T1 48.67g 34.00ef 52.33gh 33.67de 40.33de 37.00de 

T2 66.67k 53.33j 62.67j 28.33b 33.33b 33.33bc 

T3 61.67j 43.67i 68.33k 30.00bc 36.33bc 31.67b 

T4 56.67i 39.67h 58.33i 31.67cd 38.33cd 35.00cd 

T5 52.33h 37.33gh 55.67hi 32.33cd 39.00cd 35.67cde 

T6 50.00gh 35.00fg 53.67gh 33.33de 40.00de 36.67de 

T7 47.33fg 32.67ef 50.67fg 34.00de 41.00de 37.67def 

T8 45.00ef 31.33de 48.33ef 34.67def 41.33de 38.33ef 

T9 41.67e 28.33d 43.67e 36.00efg 42.67ef 40.33fg 

T10 37.33d 22.67c 39.33d 37.33fg 44.67f 41.67gh 

T11 33.33c 19.67c 34.00c 39.00g 45.33fg 44.00h 

T12 14.67b 11.67b 21.67b 44.33h 48.33g 47.00i 

CV 3.52 4.66 3.66 4.14 3.60 3.58 

SE(m) 0.87 0.81 0.96 0.76 0.78 0.73 

CD at 1% 3.41 3.17 3.76 3.00 3.08 2.86 

F test SIG SIG SIG SIG SIG SIG 
(Values are the means of three replicates. The data was analysed by one way ANOVA and is significant at p ≤ 0.05 

Means within columns with the same superscript are not significantly different at P ≤ 0.05 by using DMRT.) 
 

The results proved that callus induction depends 
on plant growth regulators. 2,4-D is the most 
preferred auxin for callus establishment. Khan 
(2019) reported optimum concentrations of 2,4-D 
for callus induction @2.0 mg/l. Here, better callus 
induction was observed for 2,4-D concentration 
@ 2.0 mg/l. The callusing frequency decreased 
after increasing the concentration of 2, 4-D 
above 2.0 mg/l and this results were in 
accordance with Karthikeyan et al. (2009), Libin 
et al. (2012), and Rashid et al. (2021).  

 
2,4-D in combination with other PGR enhances 
callus induction. It was discovered that 
combination of 2, 4-D at 2.0 mg/l with NAA @ 0.5 
mg/l and 1.0 mg/l induces better callusing. 
Similar trend was observed for concentrations of 
NAA as observed in 2, 4-D. The callus induction 
frequency decreased with increasing 
concentrations of NAA after 1.0 mg/l. This results 
also were in accordance with Islam et al. (2014), 
Roly et al. (2014) and Din et al. (2015). 

 
Also, it was observed that the weight of callus 
was directly proportional to callus induction 
frequency and the callus weight decreased with 
increasing concentrations of 2,4-D and NAA 
above 2.0 and 0.5-1.0 mg/l. These results were 
in accordance with Thadavong et al. (2002), 
Summart et al. (2008), Karthikeyan et al. (2009) 
and Poeaim et al. (2016). 
 

3.1.2 Days required for callus induction  
 

The days required for callus establishment were 
inversely proportional to callus induction 
frequency. The minimum number of days for 
callus induction was observed for treatment T2 in 
Ratnagiri-8 (28.33 days) and Karjat Shatabdi 
(33.33 days) and for T3 (31.67 days) in Karjat-3. 
In Ratnagiri-8 and Karjat Shatabdi, T2 was at par 
with T3 for early callusing for 30.00 and 36.33 
days respectively while in Karjat-3 T3 was at par 
to T2 (33.33 days) for early callus induction. In all 
the three varieties maximum number of days for 
callus induction was recorded for T12 requiring 
44.33, 48.33 and 47.00 days respectively       
(Table 1). 
 

Considering the varieties, minimum number of 
days for callus induction was observed in 
Ratnagiri-8 (28.33 days) followed by Karjat-3 
(31.67 days) and Karjat Shatabdi (33.33 days). 
 

Hence, an average of 30 days were required for 
callus establishment. Similar findings were 
reported by Thadavong et al. (2002), Carsono & 
Yoshida (2006), Karthikeyan et al. (2009), Tiwari 
et al. (2012), Poeaim et al. (2016) and Suraiya et 
al. (2018). 
 

3.1.3 Nature of callus 
 

No callusing was observed in control treatment 
T0. In all the three varieties embryogenic soft and 
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friable callus which was granular in texture with a 
yellowish white colour was obtained from all the 
media combinations. 
 
However, callus produced at the concentration of 
2, 4-D @ 2.0 mg/l exhibited bigger size and 
higher weight. The results were similar to the 
findings previously reported by Summart et al. 
(2008), Ho et al. (2018), Libin et al. (2012) and 
Rashid et al. (2021).  
 

3.2 In vitro Plantlet Regeneration 
 
3.2.1 Plantlet Regeneration (Regeneration 

frequency) of varieties in different 
media combinations 

 
Shoot induction and root induction was          
observed on same medium combination. No 
regeneration was observed in control treatment 
T0. The highest regeneration was observed in 
Ratnagiri-8 followed by Karjat-3 and Karjat 
Shatabdi.  
 
Treatment T5 and T6 performed better. T5 was 
significantly superior over all other treatments in 
Ratnagiri-8 and Karjat Shatabdi with a shoot 
induction frequency of 83.33% and 73.67%, 
respectively and root induction frequency of 
76.33% and 64.67 %, respectively and it was 
followed by T6 with a shoot induction frequency 
of 79.67% and 70.33% respectively and root 
induction frequency of 72.67 % and 60.33% 
respectively. While Karjat-3 had highest shoot 
and root induction for T6 with a frequency of 

78.33% and 69.00%, respectively followed by T5 
(74.33% and 65.33%) (Tables 2 and 3). 
 
The minimum shoot induction was observed for 
T1 in Ratnagiri-8 (62.00%) and Karjat Shatabdi 
(54.33%) and for T7 in Karjat-3 (58.67%). The 
minimum root induction was observed for T1 in 
Ratnagiri-8 (55.00%) and Karjat-3 (50.33%) and 
for T7 in Karjat Shatabdi (43.67%) (Tables 2       
and 3). 
 
Irrespective of media combinations the highest 
shoot induction was recorded in Ratnagiri-8 
(83.33%) followed by Karjat-3 (78.33%) and 
Karjat Shatabdi (73.67%). Irrespective of media 
combinations the highest root induction was 
recorded in Ratnagiri-8 (76.33%) followed by 
Karjat-3 (69.00%) and Karjat Shatabdi (64.67%). 
 
Tariq et al. (2008) reported shoot and root 
induction on N6 medium supplemented                   
with 2.5 mg/l BAP and 1.0 mg/l NAA.                   
Poeaim et al. (2016) also reported that both 
shoot and root was induced on same MS               
Basal medium in combination with 2 mg/l                 
BAP and 5.2 g/l phytagel. Similarly, in the 
present study it was revealed that the shoot                
and root induction was obtained from same 
medium (MS Basal medium supplemented with 
2.5-3.0 mg/l BAP). The results are similar to the 
findings previously reported by Ilahi et al. (2005), 
Islam et al. (2005), Biswas & Mandal (2007), 
Karthikeyan et al. (2009), Libin et al. (2012), 
Suraiya & Wagiran (2018) and Trunjaruen et al. 
(2020). 

  

 
 

Fig. 1. Weight of callus on different media combinations 
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Table 2. Observations for shoot induction 
 

Observations Shoot induction frequency (%) Days required for shoot induction 

Treatments Ratnagiri-8 Karjat 
Shatabdi 

Karjat-3 Ratnagiri-8 Karjat 
Shatabdi 

Karjat-3 

T0 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 

T1 62.00b 54.33b 61.33bc 22.67g 25.67fg 24.00gh 

T2 64.67bc 57.00bc 64.00cd 22.00fg 24.67ef 23.33fg 

T3 72.67ef 61.67def 67.67ef 20.33def 23.67c-f 22.00ef 

T4 75.00fg 64.67fg 70.67fgh 19.33cd 23.00cde 20.67cde 

T5 83.33j 73.67j 74.33i 16.67b 20.33b 19.33bc 

T6 79.67i 70.33i 78.33j 18.00bc 21.67bc 18.00b 

T7 64.33bc 54.67b 58.67b 21.67efg 27.00g 25.33h 

T8 74.67fg 63.00ef 66.67de 18.33c 23.33cde 22.00ef 

T9 72.00ef 61.33de 68.33ef 19.00cd 24.00def 21.33de 

T10 69.67de 58.67cd 63.00c 20.00de 25.00efg 23.33fg 

T11 67.33cd 56.00bc 61.00bc 21.67efg 25.67fg 24.00gh 

T12 78.67hi 69.00hi 69.67efg 18.00bc 22.00bcd 21.67ef 

T13 76.00gh 66.33gh 72.33ghi 19.33cd 23.00cde 20.33cde 

T14 74.33fg 62.67ef 73.00hi 20.67def 24.33ef 19.67bcd 

T15 71.67ef 59.00cd 70.67fgh 21.33efg 25.00efg 21.00cde 

CV 2.01 2.28 2.14 3.62 3.81 3.68 

SE(m) 0.79 0.77 0.79 0.39 0.49 0.43 

CD at 1% 3.04 2.98 3.04 1.51 1.91 1.68 

F test SIG SIG SIG SIG SIG SIG 
(Values are the means of three replicates. The data was analysed by one way ANOVA and is significant at p ≤ 0.05 

Means within columns with the same superscript are not significantly different at P ≤ 0.05 by using DMRT.) 
 

Table 3. Observations for root induction 
 

Observations Root induction frequency (%) Days required for root induction 

Treatments Ratnagiri-8 Karjat 
Shatabdi 

Karjat-3 Ratnagiri-8 Karjat 
Shatabdi 

Karjat-3 

T0 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 

T1 55.00b 45.00bc 50.33b 17.00j 20.33i 19.00h 

T2 57.67b 47.67cd 53.33bc 15.67i 19.33ghi 18.00gh 

T3 64.00cde 52.33fg 57.00de 14.33fgh 17.00e 16.67efg 

T4 68.33fgh 56.00hi 61.67fgh 13.00de 15.67cd 15.33cde 

T5 76.33j 64.67l 65.33i 10.33b 14.00b 14.00bc 

T6 72.67i 60.33k 69.00j 11.67c 15.33c 12.67b 

T7 57.33b 43.67b 56.33cd 16.67j 19.67hi 18.00gh 

T8 67.00efg 54.33ghi 61.67fgh 13.33ef 16.67de 16.00def 

T9 65.67def 51.67fg 63.33ghi 14.00efg 17.33ef 15.00cd 

T10 63.33cd 48.33de 60.00efg 14.67ghi 18.67gh 16.67efg 

T11 61.67c 45.00bc 58.33def 15.33hi 19.00gh 17.33fg 

T12 71.33hi 59.67jk 59.67ef 12.00cd 15.67cd 16.67efg 

T13 69.00gh 57.00ij 61.33fgh 13.00de 17.00e 16.00def 

T14 66.67efg 53.33fgh 63.67hi 14.00efg 18.33fg 15.33cde 

T15 63.33cd 51.00ef 61.33fgh 15.33hi 19.00gh 16.33def 

CV 2.15 2.64 2.43 3.29 2.78 4.25 

SE(m) 0.76 0.75 0.79 0.25 0.26 0.37 

CD at 1% 2.94 2.92 3.06 0.97 1.02 1.44 

F test SIG SIG SIG SIG SIG SIG 
(Values are the means of three replicates. The data was analysed by one way ANOVA and is significant at p ≤ 0.05 

Means within columns with the same superscript are not significantly different at P ≤ 0.05 by using DMRT.) 
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Plate 1. Regeneration protocol in three varieties 
 
Thadavong et al. (2002) reported that shoot 
regeneration is achieved in the medium 
supplemented with low ratio of auxin to cytokinin 
while high auxin to cytokinin ratio induces root 
formation. However, in the present case increase 
in the endogenous level of auxins in the callus 
during proliferation on MS medium supplemented 
with 2,4-D 2.0 mg/l in combination with 0.5-1.0 
mg/l NAA resulted in root induction along with 
shoot initiation. Notably, root induction occurred 

alongside shoot initiation despite the absence of 
auxins in the regeneration medium. Therefore, it 
can be implicated that the proliferation of callus 
before transferring to regeneration medium on 
half strength medium used for callus 
induction  can result in better and early 
regeneration.  
 
However, the results are in little contrast to the 
findings of Biswas & Mandal (2007), Suraiya & 
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Wagiran (2018) and Rueb et al. (1994) which 
indicated that higher shoot induction was 
obtained from combination of BAP and Kinetin @ 
2.0-2.5 mg/l and 1.0-2.0 mg/l, respectively. 
 
3.2.2 Number of days required for shoot and 

root induction 
  
In variety Ratnagiri-8 and Karjat Shatabdi, the 
minimum number of days for shoot and           
root induction was observed in T5 requiring  
16.67 and 20.33 days, respectively for shoot 
induction and 10.33 and 14.00 days, respectively 
for root induction (Tables 2 and 3). The  
minimum number of days required for shoot and 
root induction was observed for T6 in Karjat-3 
(18.00 days and 12.67 days). The maximum 
number of days for shoot induction was  
recorded for T1 in Ratnagiri-8 (22.67 days)                
and for T7 in Karjat Shatabdi (27.00 days)                  
and Karjat-3 (25.33 days). The maximum    
number of days for root induction was               
recorded for T1 in all three varieties requiring 
17.00, 20.33 and 19.00 days respectively (Tables 
2 and 3). 
 
Considering the varieties, early shoot and root 
induction was observed in Ratnagiri-8 followed 
by Karjat-3 and Karjat Shatabdi. 
 
These results were similar to the findings of 
Rueb et al. (1994), Saharan et al. (2004), 
Karthikeyan et al. (2009), Alam et al. (2012) and 
Silva et al. (2015). 
 
However, these are in contrast with the findings 
reported by Tariq et al. (2008), Islam et al.  
(2014) and Din et al. (2015) which shows that it 
takes a minimum of 3-4 weeks for plant 
regeneration. 
 

4. CONCLUSION  
 
From the experiment, it is concluded that in vitro 
regeneration in rice depends on optimum 
concentrations of PGR and genotype. In the 
varieties, highest callus induction was observed 
in Karjat-3 followed by Ratnagiri-8 followed by 
Karjat Shatabdi. However, early callusing was 
observed in Ratnagiri-8 followed by Karjat-3 
followed by Karjat Shatabdi. Callusing ability of 
the varieties determined the media combination 
which can be used to obtain highest callus 
induction. Embryogenic soft and friable callus 
with yellowish white colour was obtained from all 
the media combination in all three varieties. 
Earlier studies reported that callus induction 

depends on concentration of 2,4-D. In the 
present study it was revealed that maximum 
callus establishment was obtained at 
concentration of 2,4-D @2.0 mg/l in combination 
with low concentrations of NAA @ 0.5 mg/l and 
1.0 mg/l. Best plantlet regeneration was 
observed at 2.5-3.0 mg/l concentration of BAP 
supplemented in M.S. basal medium. Ratnagiri-8 
showed highest regeneration followed by Karjat-
3 and then Karjat Shatabdi. It can be implicated 
that the proliferation of callus before transferring 
to regeneration medium on half strength medium 
used for callus induction  can result in better and 
early regeneration. This study had set the 
protocol for in vitro regeneration in given rice 
varieties which can be further utilized for genetic 
transformation studies. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declares that, NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
Aananthi, N., & Anandakumar, C. R. (2020). In 

vitro callus induction and regeneration of 
popular indica rice genotypes. International 
Journal of Environmental Agriculture and 
Biotechnology, 13(4), 383–393. 

Alam, M. J., Imran, M., Hassan, L., Rubel, M. H., 
& Shamsuddoha, M. (2012). In vitro 
regeneration of high yielding indica rice 
(Oryza sativa L.) varieties. Journal of 
Environmental Science and Natural 
Resources, 5(1), 173–177. 

Anonymous. Britannica. (2024, September 11). 
Editors of Encyclopaedia (2024, 
September 11). rice. Encyclopedia 
Britannica.  
https://www.britannica.com/plant/rice 

Biswas, A., & Mandal, A. B. (2007). Plant 
regeneration in different genotypes of 
indica rice. Indian Journal of 
Biotechnology, 6(4), 532–540. 

Carsono, N., & Yoshida, T. (2006). Identification 
of callus induction potential of 15 
Indonesian rice genotypes. Plant 
Production Science, 9(1), 65–70. 

https://www.britannica.com/plant/rice


 
 
 
 

Kamble et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 11, pp. 1533-1543, 2024; Article no.JABB.127509 
 
 

 
1542 

 

Din, A. R. J. M., Ahmad, F. I., Wagiran, A., Abd 
Samad, A., Rahmat, Z., & Sarmidi, M. R. 
(2015). Improvement of efficient in vitro 
regeneration potential of mature callus 
induced from Malaysian upland rice seed 
(Oryza sativa cv. Panderas). Saudi Journal 
of Biological Sciences, 23(1), S69–S77. 

Ho, T. L., Sompong, T. C., & Yenchon, S. (2018). 
Callus induction and plantlet regeneration 
systems in indica rice (Oryza sativa L.) 
cultivar Sangyod. Walailak Journal of 
Science and Technology, 15(10), 753–763. 

Hoque, H. E., & Mansfield, J. W. (2004). Effect of 
genotype and explant age on callus 
induction and subsequent plant 
regeneration from root-derived callus of 
indica rice genotypes. Plant Cell, Tissue 
and Organ Culture, 78, 217–223. 

Hoque, K. M. A., Azdi, Z. A., & Prodhan, S. H. 
(2013). Development of callus initiation 
and regeneration system of different 
indigenous indica rice varieties. Journal of 
Biology, 1(2), 46–51. 

Hoque, M. E., Ali, M. S., & Karim, N. H. (2007). 
Embryogenic callus induction and 
regeneration of elite Bangladeshi indica 
rice cultivars. Plant Tissue Culture and 
Biotechnology, 17(1), 65–70. 

Ilahi, I., Bano, S., Jabeen, M., & Rahim, F. 
(2005). Micropropagation of rice (Oryza 
sativa L. cv. Swat-II) through somatic 
embryogenesis. Pakistan Journal of 
Botany, 37(2), 237–242. 

Islam, M. M., Ahmed, M., & Mahaldar, D. (2005). 
In vitro callus induction and plant 
regeneration in seed explants of rice 
(Oryza sativa L.). Research Journal of 
Agriculture and Biological Sciences, 1(1), 
72–75. 

Islam, M. M., Haque, M. E., Islam, M. A., Sikdar, 
B. S., & Khalekuzzaman, M. (2014). 
Establishment of an efficient protocol for in 
vitro callus induction and regeneration 
system using mature embryo in elite rice 
(Oryza sativa L.) cultivars. Research 
Journal of Plant Biology, 4(4), 9–20. 

Karthikeyan, A., Pandian, S. T. K., & Ramesh, M. 
(2009). High frequency plant regeneration 
from embryogenic callus of a popular 
indica rice (Oryza sativa L.). Physiology 
and Molecular Biology of Plants, 15(4), 
371–375. 

Khan, M. N. M. (2019). In vitro callus induction of 
aromatic rice depends on the 
concentration of 2, 4-D. Malaysian Journal 
of Halal Research, 2(2), 9–13. 

Kumar, V., Shriram, V., Nikam, T. D., Kavi Kishor, 
P. B., Jawali, N., & Shitole, M. G. (2008). 
Assessment of tissue culture and antibiotic 
selection parameters useful for 
transformation of an important indica rice 
genotype Karjat-3. Asian Australasian 
Journal of Plant Science and 
Biotechnology, 2(2), 84–87. 

Libin, A., King, P. J. H., Ong, K. H., Chubo, J. K., 
& Sipen, P. (2012). Callus induction and 
plant regeneration of Sarawak rice (Oryza 
sativa L.) variety Biris. African Journal of 
Agricultural Research, 7(30), 4260–4265. 

Murashige, T., & Skoog, F. (1962). A revised 
medium for rapid growth and bioassays 
with tobacco tissue cultures. Physiologia 
Plantarum, 15(3), 473–497. 

Panse, V. G., & Sukhatme, P. V. (1967). 
Statistical methods for agricultural workers 
(2nd ed.). Indian Council of Agricultural 
Research. 

Poeaim, A., Poeaim, S., Poraha, R., 
Pongjaroenkit, S., & Pongthongkam, P. 
(2016). Optimization for callus induction 
and plant regeneration from mature seeds 
of Thai rice variety: Nam Roo (Oryza sativa 
L.). Bioengineering and Bioscience, 45(5), 
95–99. 

Rashid, M., Sumi, M. A., Jahan, N., Rana, M. S., 
Uddin, M. I., & Alam Khan, N. (2021). 
Callus induction, regeneration and 
establishment of rice plant from mature 
embryo. Journal of Advanced Biology and 
Biotechnology, 24(9), 10–18. 

Roly, Z. Y., Islam, M. M., Shaekh, M. P. E., 
Arman, M. S. I., Shahik, S. M., Das, D., 
Haamem, M. M. E., & Khalekuzzaman, M. 
(2014). In vitro callus induction and 
regeneration potentiality of aromatic rice 
cultivars (Oryza sativa L.) in differential 
growth regulators. International Journal of 
Applied Sciences and Biotechnology, 2(2), 
160–167. 

Rueb, S., Leneman, M., Schilperoort, R. A., & 
Hensgens, L. A. M. (1994). Efficient plant 
regeneration through somatic 
embryogenesis from callus induced on 
mature rice embryos (Oryza sativa L.). 
Plant Cell, Tissue and Organ Culture, 36, 
259–264. 

Saharan, V., Yadav, R. C., Yadav, N. R., & 
Chapagain, B. P. (2004). High frequency 
plant regeneration from desiccated calli of 
indica rice (Oryza sativa L.). African 
Journal of Biotechnology, 3(5), 256–259. 

Silva, G. J. D., Santos, R. S., Souza, T. M., 
Machado, N. D., Peters, J. A., & Oliveira, 



 
 
 
 

Kamble et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 11, pp. 1533-1543, 2024; Article no.JABB.127509 
 
 

 
1543 

 

A. C. D. (2015). Somatic embryogenesis 
and plant regeneration in Brazilian rice 
genotypes. Australian Journal of Crop 
Science, 9(11), 1126–1130. 

Summart, J., Panichajakul, S., Prathepha, P., & 
Thanonkeo, P. (2008). Callus induction and 
influence of culture condition and culture 
medium on growth of Thai Aromatic Rice, 
Khao Dawk Mali 105, Cell Culture. World 
Applied Sciences Journal, 5(2), 246–251. 

Suraiya, B. M., & Wagiran, A. (2018). Efficient 
callus induction and regeneration in 
selected indica rice. Agronomy, 8(5), 77. 

Tariq, M., Ali, G., Hadi, F., Ahmad, S., Ali, N., & 
Shah, A. A. (2008). Callus induction and in 
vitro plant regeneration of rice (Oryza 
sativa L.). Pakistan Journal of Biological 
Sciences, 11(2), 255–259. 

Thadavong, S., Sripichitt, P., Wongyai, W., & 
Jompuk, P. (2002). Callus induction and 
plant regeneration from mature embryos of 
glutinous rice (Oryza sativa L.) cultivar 

TDK1. Agriculture and Natural Resources, 
36(4), 334–344. 

Tiwari, A. K., Shamim, M., Prakash, R. S., & 
Singh, K. D. N. (2012). Plant regeneration 
efficiency of two scented indica rice 
varieties Pusa Basmati 1 and Kalanamak. 
Plant Tissue Culture and Biotechnology, 
22(2), 163–169. 

Trunjaruen, A., Sayam, R., Maneerattanarungroj, 
P., & Taratima, W. (2020). Effects of 
cultivation media on in vitro callus 
induction and regeneration capabilities of 
pakaumpuel rice (Oryza sativa L.), Thai 
rice landrace. Walailak Journal of Science 
and Technology, 17(1), 37–46. 

Wani, S. H., Sanghera, G. S., & Gosal, S. S. 
(2011). An efficient and reproducible 
method for regeneration of whole                 
plants from mature seeds of a high  
yielding indica rice (Oryza sativa L.)  
variety PAU 201. New Biotechnology, 28, 
418–422. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/127509  

https://www.sdiarticle5.com/review-history/127509

