
Plant Tissue Cult. & Biotech. 36(1): 01-11, 2026 (June)  ISSN 1817-3721, E-ISSN 1818-8745 

DOI: https://doi.org/10.3329/ptcb.v36i1.91157    

©Bangladesh Assoc. for Plant Tissue Culture & Biotechnology  

 
PTC&B 

 

Callus Induction and In vitro Regeneration from Leaf and 

Cotyledon Explants of Noni (Morinda citrifolia L.) 
 

Md. Wahidul Haque and S. M. Shahinul Islam* 
 

Plant Biotechnology and Genetic Engineering Laboratory, Institute of Biological Sciences, 

University of Rajshahi, Rajshahi-6205, Bangladesh 
 

Key words:  Micropropagation, Noni, Regeneration, Callus, Cotyledons, Leaf segments 
 

Abstract 

Noni (Morinda citrifolia L.) is considered as an important medicinal plant due to its 

medicinal properties. In this study, young leaves and cotyledons of Noni were used as 

explants for callus induction on MS medium supplemented with different concentrations 

of 2,4-D (1.0-5.0 mg/l). The results demonstrated that both leaf and cotyledon explants 

exhibited the maximum callus induction on MS medium supplemented with 3.0 mg/l 2,4-

D. Here cotyledon explants showed better performance on callus induction than that of 

leaf explants. For the enhancement of plantlet regeneration, induced calli were 

transferred to MS0, ½MS0, and ¼MS0 medium  where different concentrations and 

combinations of BAP (1.0-5.0 mg/l), Kn (0.5-2.5 mg/l) and NAA (0.2-1.0 mg/l) were used 

either single or in combination. Results showed that ½MS0 medium produced the best 

performance on regeneration (79.76%). Calli derived from cotyledons showed better 

regeneration ability than that of the leaves. Consequently, proliferation of shoots 

(9.1   0.50) from cotyledon derived callus were formed to be higher than that of leaf 

segment derived callus (5.6       ). MS medium with 4.0 mg/l BAP and 2.0 mg/l Kn 

produced the best results in increasing shoot length (4.02   0.22 cm). Here ½MS0  

medium supplemented with 2.0 mg/l IBA showed the best performance on root 

induction (93.80   1.78) and increasing the length of roots (1.76   0.03 cm).  
 

Introduction 

Morinda citrifolia L. referred to as Noni or Indian mulberry is a traditional indigenous 

medicinal plant that grows in tropical and subtropical climates worldwide (Jayaprakash 

et al. 2017). Throughout the year, this plant produces flowers and fruits. Noni plants 

grow incredibly quickly and begin to produce fruits within the first year  after  sowing  

(Basar et al. 2010).  This  plant  can  be  recognized  by  its enormous, glossy, dark green, 

elliptical leaves, white tubular flowers with ovoid to globes heads, and white corolla.      

A fruit with a yellowish-white, ovoid, lumpy body that made up of many fused, ripening 

ovaries that are separately distinct from the white flower. The fruit has a pungent, rotting  
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scent similar to butyric acid, whereas the unripe fruit is dark green in appearance. When 

the fruit is torn, the pulp is gelatinous, light-dull yellowish white, and bitter; there are 

several firm, triangular, reddish-brown pits (Ali et al. 2016). In traditional oriental 

medical systems, every parts of M. citrifolia L. such as the leaves, fruits, barks, and roots 

was utilized as a febrifuge, cathartic and for the treatment of various ailments including 

sapraemia, dysentery, and spongy gums (Sreeranjini and Siril 2014).  

 Multiple medicinally active principles with therapeutic benefits, including 

antioxidant, antibacterial, antiviral, and anticancer activity is found in M. citrifolia L., 

according to present pharmacological analysis (Sreeranjini and Siril 2014). Sterols, 

minerals, putative proxeronine and vitamins are also found in Noni (Gajakosh et al. 

2010). Traditional uses of this plant for the remedy of different diseases of human being 

are really praiseworthy. Biochemical, phytotherapeutic and toxicological characteristics 

as well as the most present advances in the production and standardization of goods 

made from Noni fruits (Almeida et al. 2019). Noni fruit juice has also the liver protective 

functions (Wang et al. 2008). Noni seeds are rich in linoleic, oleic, and palmitic acids, 

along with beta-sitosterol, campesterol, and stigmasterol (West et al. 2011). 

 As an annual shrub, M. citrifolia can produce fruits at various stages of ripeness 

simultaneously on the same plant (Chan-Blanco et al. 2006). This is an exceptional 

charateristics of this plant. Fruits of this plant  have the high medicinal values  for the 

remedy of different diseases of human being. That is why the  cultivation of this plant  is 

the demand of time. Therefore, seedlings are necessary for the cultivation of this plant. 

But seed germination rate both in ex vitro and in vitro conditions is very poor and it takes 

approximately six months. Under these circumstances, the techniques of in vitro 

micropropagation can be applied for the production of adequate seedlings of Noni.  

During this study in vitro regeneration was carried out through callus induction using the 

explants of leaf segments and cotyledons of seeds of Noni. Moreover, experiments were 

also conducted to develop roots from the in vitro raised shoots to get complete plantlets 

of Noni.  
 

Materials and Methods   

This study was conducted to enhance the micropropagation process of Noni, which is 

cultivated widely all over the country. Young leaves and immature fruits of Noni were 

collected from the research field of the Medicinal Plants Germplasm, Institute of 

Biological Sciences, University of Rajshahi, Bangladesh for conducting  this experiment. 

Cotyledons were collected from immature seeds and very juvenile expanding leaves (1-2 

months old) were used as explants for in vitro callus induction. The leaves which were 

collected to use as explants were washed with running tap water for 20 min and then 

treated with 35 to 40% sodium hypochlorite (NaOCl), Tween-20  and liquid detergent  for 

20 min. Then the explants were taken inside the laminar air flow chamber under sterile 

condition and washed with the sterile distilled water up to removing the foam which 

was formed in conical flask at the time of sterilizing. After that the explants were excised 



An Efficient In vitro Protocol for Callus Induction and Regeneration  3 

and divided into segments of 0.5 to 1.0 cm. Cotyledons of seeds were collected from 

fruits directly inside the laminar airflow chamber under sterile condition. Then sterilized 

leaf segments and cotyledons were used as the explants for callus induction and 

regeneration of plantlets. For these purposes MS medium (with 30 g/l sucrose and  7.0 g/l 

agar) supplemented with different concentrations and combinations of 2.4-D (1.0-5.0 

mg/l) , BAP (1.0-5.0 mg/l), Kn (0.5-5.0 mg/l), IBA (0.5-2.0 mg/l), IAA (0.5-2.0 mg/l) and 

NAA (0.5-2.0 mg/l) were used. After adjusting the pH (5.80), the medium was sterilized in 

an autoclave at 121°C for 15 min. 

 Five explants were inoculated in every culture vessel in sterile condition and kept 

them at 25   2°C for 4 to 6 weeks in dark condition. After 6 weeks  the induced calli  were 

transferred from the dark condition to the another  fresh callus inducing medium. After 8 

to 10 weeks, suitable calli were chosen and  inoculated on MS0, ½MS0, ¼MS0 and full 

MS medium with different concentrations of BAP (1.0-5.0 mg/l) either single or in 

combination with Kn (0.5-2.5 mg/l) and  NAA (0.2-1.0 mg/l).  

 Then regenerated plantlets were sub-cultured on MS medium with different 

concentrations of phytohormones like BAP and Kn individually and in combinations for 

shoot induction. Well developed shoots were transferred on the full strength and half 

strength MS medium with different concentrations of IBA (0.5-2.0 mg/l), IAA (0.5-2.0 

mg/l) and NAA (0.5-2.0 mg/l) individually for development of roots. The well rooted 

plantlets were transferred to pots after acclimatization.  

 Data were recorded on the basis of callus induction, proliferation shoots and 

numbers of induced roots as well as the lengths of roots. Mean values were recorded 

from 10 culture vessels for every treatment and all experiments were repeated in thrice. 

Five explants were taken in each vessel for this study. Data were subjected to analysis of 

variance in order to estimate and evaluate the primary effects of media, PGRs, and their 

actions and interactions on callus formation and in vitro regeneration of Noni plantlets. 

These results were expressed as Mean ± SE, and the Duncan's Multiple Range Test 

(DMRT) was used to estimate the variation amomg the mean values at 5% level of 

significance. 
 

Results and Discussion 

Under this studies leaf segments and cotyledons were used for the callus induction. The 

highest percentage of callusing from cotyledons (94%) and leaf segments (85%) were 

found on full strength of MS medium supplemented with 3.0 mg/l 2.4-D (Fig. 1). So, it 

was found that MS medium supplemented with 3.0 mg/l 2,4-D was appeared to be better 

medium for callus induction from leaf segments and cotyledons. As explant cotyledons 

showed better performance than leaf segments. It was noticed that 2,4-D was the effective 

PGR for in vitro callus induction in Noni by other ingestigators (Irvani et al. 2010, Soorni 

and Kahrizi 2015, Zaman et al. 2021, Mahood et al. 2022). On the contrary, Rahman and 

Bari (2012) reported that the combination of 2.0 mg/l BAP + 0.5 mg/l NAA showed the 
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best performance for callus induction in Ricinus communis L. Hassan et al. (2008) reported 

that the MS basal medium supplemented with 1.5 mg/l BAP + 0.2 mg/l NAA 

demonstrated the best performance for callus induction in a perennial medicinal herb of 

Scoparia dulcis. 
 

 
 

Fig. 1. Callus derived from cotyledons and leaf segments of Noni using different concentration of 2,4-D. T1 = 1.0 

mg/l, T2 = 2.0 mg/l, T3 = 3.0 mg/l, T4 = 4.0 mg/l, T5 = 5.0 mg/l. Callus developed stages showed by red 

coloured bar from cotyledons,  and green coloured bar from leaf segments. 
 

 Calli derived from both explants were sub-cultured and regenerated plantlets were 

found on full MS (60.71%), ½MS (79.76%) and ¼MS (54.76) (Fig. 2). On the other hand, 

MS medium in addition with different concentrations of BAP singly and  in combination  

with Kn  and  NAA did not responded equally. To the best of our knowledge, this is the 

first report of regeneration of Noni plantlets on ½MS medium  derived from leaf and 

cotyledon producing calli (79.76%).  
 

 
Fig. 2. Plantlets regenerated from cotyledons and leaves producing calli of Noni. T1 = Full strength of MS, T2 = 

½MS, and T3 = ¼MS. 
  

 MS medium supplemented with different concentrations and combinations of PGRs 

was used for the proliferation of shoots following sub-culturing of the regenerated 

plantlets obtained from cotyledon derived calli (Fig. 3a-c). The MS medium 
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supplemented with  4.0 mg/l BAP (7.9   0.57) and 3.0 mg/l Kn (7.2         produced the 

highest numebr of proliferated shoots individually (3d-f). However, MS medium 

supplemented with 4.0 mg/l BAP and  2.0 mg/l Kn together were fund to be more 

effective (9.1   0.50) than MS medium supplemented with 4.0 mg/l BAP (7.9   0.57) and 

3.0 mg/l Kn (7.2         individually (Table 1).  
 

Table 1. Effects of different concentrations and combinations of PGRs on shoots induction from cotyledons 

after 15, 30 and 45 days of culture initiation in Noni. 
 

PGRs (mg/l)                                           Number of shoots (Mean   SE) 

BAP Kn After 15 days After 30 days After 45 days 

1.0 - 1.2   0.13b 5.4   0.56b 6.6   0.54b 

2.0 - 1.3   0.15b 5.7   0.62b 7.0   0.63b 

3.0 - 1.4   0.16ab 6.0   0.65ab 7.4   0.69b 

4.0 - 1.7   0.18ab 6.4   0.52ab 7.9   0.57ab 

5.0 - 1.3   0.15b 5.7   0.62b 7.0   0.63b 

- 1.0 1.3   0.15b 4.9   0.41b 6.2   0.44b 

- 2.0 1.2   0.13b 5.1   0.35b 6.3   0.40b 

- 3.0 1.5   0.18ab 5.9   0.53ab 7.2   0.66b 

- 4.0 1.2   0.13b 5.2   0.44b 6.4   0.43b 

- 5.0 1.2   0.13b 5.1   0.41b 6.3   0.40b 

1.0 0.5 1.2   0.13b 5.5   0.58b 6.7   0.62b 

2.0 1.0 1.3   0.15b 5.8   0.55b 7.1   0.60b 

3.0 1.5 1.2   0.13b 6.1   0.57ab 7.3    0.67b 

4.0 2.0 1.8   0.17a 7.5   0.43a 9.1   0.50a 

5.0 2.5 1.2   0.13b 5.4   0.34b 6.6   0.40b 

MS0 (Control) 1.2   0.13 1.7   0.21 2.9   0.23 
 

PGRs = Plant growth regulators. Values were expressed Mean   SE (Standard Error). Every treatment was 

repeated in thrice with ten culture vessels. Means in a column with the different letter (indicated in superscript) 

are significantly different (p <0.05)  according to Duncan's Multiple Range Test (DMRT in SPSS 25) 

  

 On the other hand, MS medium supplemented with different concentrations and 

combinations of PGRs was used for the proliferation of shoots following sub-culturing of 

the regenerated plantlets obtained from leaf derived callus (Fig. 4b). MS medium 

supplemented with 4.0 mg/l BAP (5.3   0.30) and 3.0 mg/l Kn (4.9         showed the 

highest proliferation of shoots (Fig. 4a-g). When the PGRs used together in MS medium 

(4.0 mg/l BAP and 2.0 mg/l Kn) showed more effective (5.6   0.34) results than singly 

using  4.0 mg/l BAP (5.3   0.30) and  3.0 mg/l Kn (4.9         (Table 2). The present 

results showed that quite similarity of findings with Gajakosh et al. (2010) and Siddique 

and Islam (2015) where they used MS medium supplemented with different 

concentrations of BAP and Kn for inducing multiple shoots. 
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Table 2. Effects of different concentrations and combinations of PGRs on shoots number regenerated from 

leaf producing calli after 15, 30 and 45 days of culture initiation of Noni. 
 

PGRs (mg/l)                                           Number of shoots (Mean   SE) 

BAP Kn After 15 days After 30 days After 45 days 

1.0 -           1.1  0.13c 3.5   0.22bcd 4.7   0.15bcd 

2.0 - 1.3   0.14bc 3.7   0.21abcd 5.0   0.15abcd 

3.0 - 1.2   0.13c 3.9   0.23abcd 5.1   0.18abcd 

4.0 - 1.6   0.18ab 4.1   0.28ab 5.3   0.30ab 

5.0 - 1.4   0.16bc 3.6   0.34abcd 5.0   0.21abcd 

- 1.0 1.2   0.13c 3.2   0.25d 4.4   0.22d 

- 2.0 1.3   0.15bc 3.3   0.15cd 4.6   0.22bcd 

- 3.0 1.5   0.19abc 3.7   0.30abcd 4.9   0.23abcd 

- 4.0 1.3   0.13c 3.5   0.22bcd 4.7   0.15bcd 

- 5.0 1.1   0.10c 3.4   0.16bcd 4.5   0.17cd 

1.0 0.5 1.3   0.15bc 3.6   0.22abcd 4.   0.18abcd 

2.0 1.0 1.2   0.13c 3.8     0.13abcd 5.0   0.15abcd 

3.0 1.5 1.2   0.13c 4.0   0.21abc 5.2   0.33abc 

4.0 2.0 1.8  0.17a 4.3   0.21a 5.6   0.34a 

5.0 2.5 1.3   0.15bc 4.2   0.13ab 5.5   0.17a 

MS0  (Control) 1.1   0.18 1.3   0.15 2.4   0.27 
 

PGRs = Plant growth regulators. Values were expressed Mean   SE (Standard Error). Each treatment was 

repeated in thrice with ten culture vessels. Means in a column with the different letter (indicated in superscript) 

are significantly different (p <0.05)  according to  Duncan's Multiple Range Test (DMRT, by SPSS 25). 
 

 
Fig. 3(a-f). Callus induction and regeneration of plantlets from Noni cotyledons: (a) initiation of cotyledons on 

culture medium, (b) formation, changing color and proliferation of callus after three weeks of culture 

initiation, (c) start to regeneration of plantlets after six weeks, (d) proliferation of regenerated plantlets 

after eight weeks of culture initiation, (e)  increasing shoots and development, and (f) completely plantlets 

with multiple shoots and well developed roots after twelve weeks.  

a 
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Fig. 4(a-g). Callus induction and regeneration of plantlets from Noni leaves: (a) leaf segments on medium after 

one week of culture initiation, (b) callus formation after four weeks of culture initiation, (c) regeneration of 

seedling from callus after 8 weeks, (d) growth and development of shoot after 9 weeks, (e) root formation 

and development of shoot  after ten weeks, (f) well developed plantlets with root and shoots after twelve 

weeks, and (g) mature and well developed plantlet transferred into a plastic pot. 

 

Table 3. Effects of different concentrations and  combinations of PGRs on increasing sub-cultured shoot 

length, regenerated from callus after 15, 30 and 45 days of culture initiation in Noni. 
 

PGRs (mg/l)                                              Plant height in cm (Mean   SE) 

BAP Kn Length of shoots 

after 15 days 

Length of shoots 

after 30 days 

Length of shoots 

after 45 days 

1.0 - 1.59   0.10ab 1.96   0.14abc 3.55   0.15bc 

2.0 - 1.58   0.10ab 1.99   0.12abc 3.57   0.12bc 

3.0 - 1.58   0.10ab 2.01   0.12abc 3.59   0.12bc 

4.0 - 1.73   0.03ab 2.14   0.12ab 3.84   0.19ab 

5.0 - 1.56   0.07ab 1.99   0.10abc 3.55   0.07bc 

- 1.0 1.53   0.06ab 1.74   0.12c 3.27   0.13c 

- 2.0 1.53   0.06ab 1.78   0.12bc 3.31   0.08c 

- 3.0 1.64   0.08ab 2.04   0.15abc 3.55   0.07abc 

- 4.0 1.53   0.06ab 1.78   0.11bc 3.31   0.11c 

- 5.0 1.51   0.06b 1.77   0.11bc 3.28   0.11c 

1.0 0.5 1.52   0.06ab 1.97   0.11abc 3.49   0.13bc 

2.0 1.0 1.52   0.06ab 1.99   0.10abc 3.51   0.09bc 

3.0 1.5 1.51   0.06b 2.02   0.10abc 3.53   0.10bc 

4.0 2.0 1.76   0.05a 2.21   0.12a 4.02   0.22a 

5.0 2.5 1.52   0.06ab 2.01   0.10abc 3.53   0.10bc 

MS0 (Control) 1.52   0.06 1.54   0.09 3.06   0.11 
 

PGRs = Plant growth regulators. Values were expressed Mean   SE (Standard Error). Every treatment was 

repeated in thrice with ten culture vessels. Means in a column with the different letter (indicated in superscript) 

are significantly different (p <0.05)  according to according to Duncan's Multiple Range Test (DMRT, by SPSS 

25). 
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 Over all cotyledons derived calli showed more effective results on regeneration 

(9.1   0.50) than leaf segments dervied calli (5.6   0.34) in obtaing  more number of 

shoots in a specific time period (Table 1 and 2; Fig. 1 and 2). The shoots without roots 

were transferred on MS medium supplemented with different concentrations  and 

combinations of PGRs (BAP, Kn).  It was observed that MS medium supplemented with  

4.0 mg/l BAP and  2.0 mg/l Kn together was the most effective for the growth and 

development of shoots (4.02   0.22), (Table 3). Then full strength of MS and ½MS 

medium supplemented with different concentrations of PGRs like IBA  (0.5-2.0 mg/l), 

IAA (0.5-2.0 mg/l) and NAA (0.5-2.0 mg/l) were used separately to determine the 

formation  of roots  and the growth of roots of regenerated plantlets (Table 4).  
  

Table 4. Effects of MS medium with different concentrations of PGRs (IBA, IAA, NAA) on forming roots 

and increasing length of roots after 45 days of culture initiation in Noni. 
 

Media                         PGRs Number of roots 

(Mean   SE) 

Length of roots in cm 

(Mean   SE) 

½MS 

IBA IAA NAA   

0.5 - - 79.80   0.84b 1.58   0.04bcde 

1.0 - - 80.80   1.55b 1.63   0.03abc 

1.5 - - 84.50   2.66b 1.75   0.05a 

2.0 - - 93.80   1.78a 1.76   0.03a 

Full MS 

0.5 - - 80.30   0.71b 1.69   0.04ab 

1.0 - - 84.10   0.50b 1.57   0.03bcde 

1.5 - - 86.10   2.11b 1.58   0.03bcde 

2.0 - - 85.70   2.22b 1.59   0.03bcd 

½MS 

- 0.5 - 57.20   2.67fg 1.52   0.04cde 

- 1.0 - 61.80   3.36def 1.55   0.02bcde 

- 1.5 - 65.30   2.49bcde 1.55   0.03bcde 

- 2.0 - 71.20   1.83c 1.62   0.03abcd 

Full MS 

- 0.5 - 63.90   0.97cdef 1.42   0.06efg 

- 1.0 - 68.90   1.53bc 1.46   0.05defg 

- 1.5 - 62.00   2.69cdef 1.47   0.05cdef 

- 2.0 - 58.20   2.54fg 1.49   0.04cdef 

½MS 

- - 0.5 59.20   2.14efg 1.31   0.05gh 

- - 1.0 62.60   2.88cdef 1.42   0.06efg 

- - 1.5 62.40   1.72cdef 1.34   0.06fgh 

- - 2.0 66.90   2.01bcd 1.36   0.06fgh 

Full MS 

- - 0.5 45.300   2.71j 1.33   0.07fgh 

- - 1.0 50.70   2.02ij 1.36   0.08fgh 

- - 1.5 45.60   1.92j 1.35   0.05fgh 

- - 2.0 55.10   1.15gh 1.24   0.03h 

MS0 (Control) 38.5   0.55 1.1   0.03 
 

PGRs = Plant growth regulators. Values were expressed Mean   SE (Standard Error). Every treatment was 

repeated in thrice with ten culture vessels. Means in a column with the different letter (indicated in superscript) 

are significantly different (p <0.05) according to Duncan's Multiple Range Test (DMRT by SPSS 25). 
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 From this experiment it was noticed that ½MS medium supplemented with  2.0 mg/l 

IBA was the most effective for the regeneration and development of roots and the 

effectiveness of IBA  were also proved  in  some medicinal and tree plants for rooting 

(Mamun et al. 2002, Baul et al. 2010, Amri  2012, Sen et al. 2014). On the contrary Rahe et 

al. (2020) noticed that ½MS medium supplemented with 0.25 mg/l IBA was found to be 

the best medium for root formation in Bacopa monnieri L. Biswas et al. (2007) showed that 

½MS medium supplemented with 0.50 mg/l IBA was also found to be the best for root 

formation in Aristolochia tagala Champ. Akter et al. (2020) also noticed that ½MS with  0.5 

mg/l NAA is the best medium in Ocimum americanum for root formation. Here it was 

observed that we can produced  more plantlets in a short time through this method for 

the sustainable development of this plant. 

 The present study successfully demonstrated that both leaf segments (85%) and 

cotyledons (94%) of Morinda citrifolia are responsive explants for in vitro callus induction  

and plant regeneration (79.76%). Among the two, cotyledon explants exhibited a higher 

frequency of callus formation and subsequent shoot regeneration, indicating their higher 

morphogenic potential. The choice of plant growth regulators, especially the 

combinations and concentrations of auxins and cytokinins, played a crucial role in 

optimizing callus induction, regeneration of plantlets, shoot proliferation (9.1 ± 0.50) and 

shoot development (4.02   0.22 cm). These findings provide a basic protocol for an 

efficient micro-propagation studies in Noni, contributing to its conservation and large-

scale propagation. 
 

Acknowledgements  

The authors would like to express their appreciation to the Ministry of Education, 

Government of the People’s Republic of Bangladesh, for approving study leave to MWH  

Special thanks to the UGC and IBSc, RU for granting fellowship for this study. The 

authors are grateful to the Plant Biotechnology and Genetic Engineering Laboratory, 

Institute of Biological Sciences, University of Rajshahi for providing research and field 

facilities.  
 

References 
Akter S, Goswami B, Khan S, Akter S, Mollika SR and Banu TA (2020) Rapid micropropagation, 

antioxidant and antibacterial assays of Ocimum spp. Bangladesh J. Bot. 49(3): 459-465. 

Ali M, Kenganora M and Manjula SN (2016) Health benefits of Morinda citrifolia (Noni): A review. 

Pharmac. J. 8(4): 56-59. 

Almeida ÉS, de Oliveira D and Hotza D (2019) Properties and applications of Morinda citrifolia 

(Noni): A review. Comprehensive Reviews in Food Science and Food Safety 18(4): 883-909. 

Amri E (2012) The effect of auxins (IBA, NAA) on vegetative propagation of medicinal plant 

Bobgunnia madagascariensis (Desv.) JH Kirkbr and Wiersema. Tanzania J. Nat. Appl. Sci. 2(1): 

359-366. 



10 Haque and Islam 

Basar S, Uhlenhut K, Högger P, Schöne F and Westendorf J (2010) Analgesic and anti-

inflammatory activity of Morinda citrifolia L. (Noni) fruit. Phytotherapy Research: An Int. J. 

Devoted  Pharmacol. Toxicol. Eval. Nat. Prod. Derivat. 24(1): 38-42. 

Baul TK, Mezbahuddin M, Hossain MM and Mohiuddin M (2010) Vegetative propagation of 

Holarrhena pubescens, a wild tropical medicinal plant: effect of indole-3-butyric acid (IBA) on 

stem cuttings. For. Stud. China. 12(4): 228-235. 

Biswas A, Bari MA, Roy M and Bhadra SK (2007) In vitro regeneration of Aristolochia tagala 

Champ. a rare medicinal plant of Chittagong Hill Tracts. J. Bio-Sci. 15: 63-67. 

Chan-Blanco Y, Vaillant F, Perez AM, Reynes M, Brillouet JM and Brat P (2006) The Noni fruit 

(Morinda citrifolia L.): A review of agricultural research, nutritional and therapeutic properties. 

J. Food Compos. Anal. 19(6-7): 645-654. 

Gajakosh AM, Jayaraj M, Mathad GV and Pattar PV (2010) Organogenesis from shoot tip and leaf 

explants of Morinda citrifolia L. An important medicinal tree. Libyan Agricul. Res. Center J. 

Int. 1: 250-254.  

Hassan AS, Afroz F, Bari LS, Munshi JL, Jahan MAA and Khatun R (2008) Callus induction and 

high frequency regeneration of plantlets of Scoparia dulcis L., a perennial medicinal herb, 

through auxiliary shoot proliferation. Plant Tiss. Cult. Biotech. 18(1): 75-83. 

Irvani  N, Solouki M, Omidi M, Zare AR and Shahnazi  SJPC (2010) Callus induction and plant 

regeneration in Dorem ammoniacum D., an endangered medicinal plant. Plant Cell Tiss. Org. 

Cult. 100(3): 293-299. 

Jayaprakash CM, Babu S, Minoo D, Madhusoodanan PV and Prakashkumar R (2017) An efficient 

in vitro propagation protocol for Morinda citrifolia L., an important medicinal plant. European 

J. Biomedi. Pharmac. Sci. 4(11): 458-463. 

Mahood HE, Sarropoulou V and Tzatzani  TT (2022) Effect of explant type (leaf, stem) and 2,4-D 

concentration on callus induction: Influence of elicitor type (biotic, abiotic), elicito 

concentration and elicitation time on biomass growth rate and costunolide biosynthesis in 

Gazania (Gazania rigens) cell suspension cultures. Biores. Bioproc. 9(1): 100. 

Mamun ANK, Islam SMS and Bari MA (2002) Micropropagation of some woody legumes through 

tissue culture technique. In: BIO-REFOR-Sustainable Forest Management System and 

Biodiversity, Katsuaki I, Masaya M and Kazuo S (Ed.), Proceedings of the International 

Workshop of BIO-REFOR, Tokyo, Japan. pp. 139-144. 

Rahe MA, Mollika SR, Khan MS, Banu TA, Al Amin GM, Habib MA and Sharmin RA (2020) In 

vitro micropropagation of Bacopa monnieri (L.) Penn. an important medicinal plant. Plant 

Tiss.Cult. Biotech. 30(1):57-63. 

 Rahman MA and Bari MA (2012) Callus induction and cell culture of castor (Ricinus communis). J. 

Bio-Sci. 20: 161-169. 

Sen MK, Nasrin S, Rahman S and Jamal AHM (2014) In vitro callus induction and plantlet 

regeneration of Achyranthes aspera L., a high value medicinal plant. Asian Pac. J. Trop. 

Biomedi. 4(1): 40-46. 

Siddique AB and Islam SMS (2015) Effect of light and dark on callus induction and regeneration 

in tobacco (Nicotiana tabacum L.). Bangladesh. J. Bot. 44(4): 643-651. 

Soorni J and Kahrizi D (2015) Effect of genotype, explant type and 2,4-D on cell de-differentiation 

and callus induction in cumin (Cuminum cyminum L.) medicinal plant. J. Appl. Biotech. Rep. 

2(3): 265-270. 



An Efficient In vitro Protocol for Callus Induction and Regeneration  11 

Sreeranjini S and Siril EA (2014) Field performance and genetic fidelity evaluation of 

micropropagated Morinda citrifolia L. Indian J. Biotech. 13: 121-130. 

Wang MY, Nowicki D, Anderson G, Jensen J and West B (2008) Liver protective effects of Morinda 

citrifolia (Noni). Plant Foods Human Nutr. 63(2): 59-63. 

West BJ, Jensen CJ, Palu AK and Deng S (2011) Toxicity and antioxidant tests of Morinda citrifolia 

(Noni) seed extract. Adv. J. Food Sci. Technol. 3(4): 303-307. 

Zaman  MAK, Azzeme  AM, Ramle IK, Normanshah  N, Shaharuddin  NA, Ahmad  S  and 

Abdullah SNA (2021) Prolonged incubation of callus on auxin herbicide 2,4-D displayed 

significant effect on alkaloid production in callus of the woody medicinal plant Polyalthia 

bullata. In vitro Cell. Develop. Biol. Plant 57(5): 749-759. 

 

(Manuscript received on 12 October, 2025; revised on 20 November, 2025) 


