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ABSTRACT 
 

The study is the first attempt to highlight about callus induction and plantlet regeneration in rice 
variety ‘Nerica 3’ using mature seed as explant and using five regeneration media with plant growth 
regulators (BA, IAA, and 2,4-D) at different concentrations in other to establish the efficient indirect 
plant regeneration protocol. Among the five regeneration media tested, R3 medium (2 mg/L BA), 
showed greater percentage of plantlet regeneration (45.31%) followed by R2 medium (0.5 mg/L BA 
+ 0,1 mg/L IAA; 29.68%), whereas, R4 medium showed the lowest (2 mg/L 2,4-D; 0%). These 
results will be used for genetic improvement programs of the variety ‘Nerica 3’. 

 
Keywords: Rice variety ‘Nerica 3’; mature seed; plantlet regeneration; Plant growth regulators. 
 

1. INTRODUCTION  
 
In vitro tissue culture is a crucial technique in rice 
(Oryza sativa L.) research and breeding 
programs [1,2]. It involves the cultivation of rice 
cells, tissues, or organs under sterile and 
controlled environmental conditions. This 
technique is widely used for various purposes, 
including genetic transformation, breeding, 
conservation of germplasm, pathogen-free plant 
production, and research and functional 
genomics [2,3]. However, in vitro tissue culture 
faces many challenges including contamination, 
genetic variability and optimized protocol.  
 
In rice, callus induction and plantlet regeneration 
(indirect regeneration system) are essential 
techniques in plant biotechnology and breeding 
[4-7]. The success of these techniques depends 
on optimizing various factors, including 
environmental conditions, the type of explant and 
culture media composition [8]. Among the 
elements which constitute the culture media, we 
find exogeneous plant growth regulators. In fact, 
plantlet regeneration in rice using callus culture 
involves the exogenous application of plant 
growth regulators to facilitate various stages of 
plant development [9] especially that it was 
noticed that the quantity of callus produced from 
explants did not positively correlate with the 
subsequent shoot induction [10]. Plant growth 
regulators, also known as plant hormones, play a 
crucial role in tissue culture by influencing cell 
division, elongation, and differentiation [11]. Their 
functions can be summarized as follows: i) 
auxins (IAA, NAA, 2,4-D, etc), are pivotal in the 
initiation and proliferation of callus, as well as in 
root formation; ii) cytokinins (BAP, Kinetin, TDZ, 
etc), are critical for shoot induction and 
proliferation; iii) others plant growth regulators 
(Gas, ABA, etc) can be used to enhance shoot 
elongation and overall plantlet growth [12]. 
 
The objective of this study was to define plant 
growth regulators suitable for plantlet 

regeneration of rice variety ‘Nerica 3’ using callus 
from mature seed as explants. However, studies 
on In vitro plantlet regeneration in rice using 
mature seed as explant are lacking although 
mature seed has the advantage of being 
available throughout the year, easy to handle 
and in bulk quantities. 
 

2. MATERIALS AND METHODS  
 

2.1 Plant Materials and Explants 
Preparation  

 

Field grown seeds (matured caryopses) of rice 
variety ‘Nerica 3’ [13] were used as the source 
for mature seed culture. The seeds were 
procured from Garoua Multipurpose Research 
Station of Institute of Agricultural Research for 
Development (IRAD), Sanguéré - Paul, 
Cameroon. 
 

The seeds were then surface sterilized by 
washing in ethanol 70% (v/v) for 3 minutes, 
followed by a bath of 100% commercial bleach 
plus a drop of Tween 20 for 30 minutes with 
agitation. Thereafter, they were rinsed four times 
in sterile distilled water [13].  
 

2.2 Callus Induction and Maintenance 
 

The disinfected seeds were aseptically placed in 
Petri dishes containing the induction medium 
based on MS basal medium with vitamins [14], 
sucrose (3%), agar (0,8%) and 2,4-D (2 mg/L). 
The embryos were incubated on the medium at 
27°C for six weeks in the dark [9] to obtain 
embryogenic callus. Subculture was performed 
at 21 days at the same conditions, but the 
induction medium was modified by adding BA (1 
mg/L).  
 

2.3 Plantlet Regeneration 
 

After six weeks, embryogenic calli were 
transferred to five regeneration media (R1 to R5) 
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based on MS medium with vitamins, sucrose 
(3%), agar (0,8%) and which differed respect to 
concentrations of plant hormones: R1 (without 
hormones; [15]), R2 (0.5 mg/L BA + 0.1 mg/L 
IAA; [16] ), R3 (2 mg/L BA; [17]), R4 (2 mg/L 2,4-
D; [18]) and R5 (2 mg/L IAA; [19]). Embryogenic 
calli were then incubated in the light (16 h per 
day) at 27°C. The regeneration rate was 
calculated eight weeks after transfer of the 
callus. Percentage of plants regeneration was 
calculated as follows: (the number of calli which 
regenerated plantlets / the number of calli 
transferred to the regeneration medium) × 100 
[19]. 
 

2.4 Experimental Design and Statistical 
Analysis  

 
A randomized complete block design (RCBD) 
was used with one variety and 5 regeneration 
media. The treatments consisted of 10 
replications of each medium, each replication 
with 10 embryogenic calli. For the analysis of the 
regeneration rate, Analysis of Variance (ANOVA) 
was performed using R version 4.1.3 software. 
ANOVA results were considered significant at P 
< 0.05 and means of treatments were compared 
using Tukey’s HSD test. 
 

3. RESULTS AND DISCUSSION 
 
Callus initiation started four days after incubation 
of mature seeds as explants. At the end of the 
callogenesis, six weeks after incubation of the 
explants, the percentage of callus induction was 
90%. At this stage, calli were characterized by a 
friable, granulated, and smooth texture and a 
whitish to cream colour (Fig. 1). 
 
Calli were then transferred to the regeneration 
medium. After 8 weeks of the culturing, the 
plantlets regeneration (Fig. 1) was recorded 
(Table 1). The regeneration media used had a 
significant effect on plantlets regeneration (F 
value = 8.93 at P< 0.001). Among the five 
regeneration media tested, R3 medium, showed 
greater percentage of plantlet regeneration 
(45.31%) followed by R2 medium (29.68%), 
whereas, R4 medium showed the lowest (0%; 
Table 1). 
 
Our results clearly showed that plantlet 
regeneration was strongly influenced by the type 
of plant growth regulators in the medium and 
confirm many other studies [8,9,17,20]. R3 
medium (2 mg/L BA) yielded the highest plantlet 

regeneration followed by R2 medium (0.5 mg/L 
BA + 0.1 mg/L IAA). These results indicate that 
plantlet regeneration improved by the presence 
of BA which is a cytokinin. In fact, cytokinin 
affects competent cells in the shoot-regeneration 
process, leading to cell-mass generation and 
cell-fate transformation. Cytokinin can induce 
adventitious shoots alone and cooperates with 
auxin to reinforce proliferation in chosen cells” 
[21]. 

 
Increasing concentration of BA from 0.5 mg/L to 
2 mg/L in regeneration media (as in the case of 
R2 and R3 respectively) increased the rate of 
plantlets produced. This result agreed with the 
findings of Noor et al. [20] which suggested that 
increase in concentration of BA increased 
regeneration frequency of callus from mature 
seed of Himalayan rice genotype SR-4 as 
explant. 

 
On the other hand, R4 medium containing auxin 
2,4-D (2 mg/L), did not induce regeneration. 
Auxin is the most important determinant of 
somatic embryogenesis for many species in 
tissue culture. Exogenous auxin promotes callus 
formation from cultured materials by inducing the 
production of endogenous precursors of ethylene 
synthesis, including 1-aminocyclopropane-1-
carboxylic acid [22]. 2,4-Dichlorophenoxyacetic 
acid (2,4-D), a synthetic auxin, is widely used in 
many species, especially cereal crops and 
medicinal plants. The concentration of 2,4-D 
affects callus formation, and the optimal 
concentration varies for different species or 
tissues. The general principle is that a low 
concentration promotes embryonic callus 
formation, whereas a high concentration inhibits 
its formation [12]. This may explain the non-
regeneration of plantlets due to prolonged 
exposure of embryogenic calli to 2,4-D in our 
study. 

 
Table 1. Effect of medium on plantlets 
regeneration of rice variety ‘Nerica 3’ 

 
Media Plantlet regeneration (%) 

R1 9.37bc 

R2 29.68ab 

R3 45.31a 

R4 0c 

R5 4.68bc 

Studentized Range (q) = 4.06 at alpha = 0.05 
according to the Tukey’s HSD test; R1 to R5 are the 
regeneration media used. For composition of media, 

please refer to Material and Method 
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Fig. 1. Embryogenesis and plant regeneration from mature seed of rice variety ‘Nerica 3’: (a) 
Inoculation of mature rice seed into the callus induction medium; (b) Callus formation 12 days 
after incubation; (c) Embryogenic callus formation after 6 weeks of culture; (d) Inoculation of 
embryogenic calli into the regeneration medium; (e) Plantlet regeneration on the regeneration 

medium after 4 weeks of transfer 
 

4. CONCLUSION 
 

In the present study, we investigated the effect of 
exogenous plant growth regulators (BA, IAA, and 
2,4-D) in plantlet regeneration using callus from 
mature seed as explant of rice variety ‘Nerica 3’ 
for the first time. We reported that cytokinin BA is 
one the most exogeneous plant growth 
regulators which promoted plantlet regeneration 
from callus. These results will be used for genetic 
improvement program of this variety. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

ACKNOWLEDGEMENTS 
 

We are grateful to the National Veterinary 
Laboratory (LANAVET), Cameroon, for technical 
platform. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

REFERENCES 
 
1. Alam M, Imran M, Hassan L, Rubel M, 

Shamsuddoha M. In vitro regeneration of 
high yielding indica rice (Oryza sativa L.) 
varieties. J Environ Sci Nat Resour. 2012; 
5:173–7.  

2. Tan LW, A. Rahman Z, Goh HH, Hwang 
DJ, Ismail I, Zainal Z. Production of 
transgenic rice (indica 1 cv. MR219) 
Overexpressing Abp57 gene through 
agrobacterium-mediated transformation. 
JSM. 2017;46:703–11.  

3. Mohammed S, Samad AA, Rahmat Z. 
Agrobacterium-Mediated Transformation of 
Rice: Constraints and Possible Solutions. 
Rice Sci. 2019;26:133–46.  

4. Bhavishya, Cheranda Muddappa, 
Puttanaik Venkatesha Murthy, 
Munirangaiah Shanthala. Direct plant 
regeneration from nodal explants of 
grapefruit (Citrus Paradisi Macfad.). 
Journal of Advances in Biology & 
Biotechnology. 2024;27(4):73-82.  
Available:https://doi.org/10.9734/jabb/2024
/v27i4740 

5. Hossain Md. Sabbir, Hasanuzzaman M, 
Md. Arifuzzaman, Md. Hassanur Rahman. 
In vitro regeneration of potato (Solanum 
Tuberosum L.) using sprout explant. Asian 

a b c 

d e 



 
 
 
 

Ekom et al.; Biotechnol. J. Int., vol. 28, no. 4, pp. 137-141, 2024; Article no.BJI.119846 
 
 

 
141 

 

Journal of Advances in Agricultural 
Research. 2022;20(3):10-15.  
Available:https://doi.org/10.9734/ajaar/202
2/v20i3397.More Citation Formats  

6. Ramírez-Malagón R, Ochoa-Alejo N. An 
improved and reliable chili pepper 
(Capsicum annuum L.) plant regeneration 
method. Plant cell reports. 1996;16(3):  
226-231. 

7. Lee K, Seo PJ. Dynamic epigenetic 
changes during plant regeneration. Trends 
in plant science. 2018;23(3):235-247. 

8. Ho TL, Te-Chato S, Yenchon S. Callus 
induction and plantlet regeneration 
systems in indica rice (Oryza sativa L.) 
cultivar sangyod. Walailak J Sci Technol. 
2018;15:753–63.  

9. Mohd Din ARJ, Iliyas Ahmad F, Wagiran A, 
Abd Samad A, Rahmat Z, Sarmidi MR. 
Improvement of efficient In vitro 
regeneration potential of mature callus 
induced from Malaysian upland rice seed 
(Oryza sativa cv. Panderas). Saudi J Biol 
Sci. 2016;23:S69-77. 

10. Gerszberg A. Tissue culture and genetic 
transformation of cabbage (Brassica 
oleracea var. capitata): An overview. 
Planta. 2018;248:1037–48.  

11. Dang S, Gao R, Zhang Y, Feng Y. In vitro 
regeneration and its histological 
characteristics of Dioscorea nipponica 
Makino. Sci Rep. 2022;12:18436.  

12. Long Y, Yang Y, Pan G, Shen Y. New 
insights into tissue culture plant-
regeneration mechanisms. Front Plant Sci. 
2022;13:926752.  

13. Tinak Ekom DCT, Mouen Piau JC, Haïcha 
Diko A, Memena O, Poueme Namegni RS, 
Wade A. Effect of media and photoperiod 
on embryogenic and organogenic callus 
induction from mature seed in Oryza sativa 
L. Annu Res Rev Biol. 2024;39:20–7.  

14. Murashige T, Skoog F. A revised medium 
for rapid growth and bio assays with 

tobacco tissue cultures. Physiol Plant. 
1962;15:473–97.  

15. Mirlohi AF, Thompson LF, Dilday RH, 
Huang FH, Al-Khayri JM. In vitro culture of 
several rice cultivars. J Arkansas Acad Sci. 
1989;43:55–6. 

16. Mannan MA, Sarker TC, Akhter MT, Kabir 
AH, Alam MF. Indirect plant regeneration 
in aromatic rice (Oryza sativa L.) var. 
‘Kalijira’ and ‘Chinigura.’ Acta Agric Slov. 
2013;101:231–8.  

17. Pawar B, Kale P, Bahurupe J, Jadhav A, 
Kale A, Pawar S. Proline and glutamine 
improve In vitro callus induction and 
subsequent shooting in rice. Rice Sci. 
2015;22:283–9.  

18. Upadhyaya G, Sen M, Roy A. In vitro 
callus induction and plant regeneration of 
rice (Oryza sativa L.) var. ‘Sita’, ‘Rupali’ 
and ‘Swarna Masuri’. Asian J Plant Sci 
Res. 2015;5:24–7. 

19. Tinak Ekom DC, Udupa SM, Gaboun F, 
Benchekroun MN, Ennaji MM, Iraqi D. 
Efficient callus induction and plantlets 
regeneration in durum wheat using mature 
embryos. Cereal Res Commun. 2013; 
41:266–74.  

20. Noor W, Lone R, Kamili AN, Husaini AM. 
Callus induction and regeneration in high-
altitude Himalayan rice genotype SR4 via 
seed explant. Biotechnol Rep. 2022; 
36:e00762.  

21. Cortleven A, Leuendorf JE, Frank M, 
Pezzetta D, Bolt S, Schmülling T. Cytokinin 
action in response to abiotic and biotic 
stresses in plants. Plant Cell Environ. 
2019;42:998–1018.  

22. Singla B, Tyagi AK, Khurana JP, Khurana 
P. Analysis of expression profile of 
selected genes expressed during auxin-
induced somatic embryogenesis in leaf 
base system of wheat (Triticum aestivum) 
and their possible interactions. Plant Mol 
Biol. 2007;65:677–92. 

 
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/119846 

https://www.sdiarticle5.com/review-history/119846

