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Abstract 
A high frequency in vitro plant regeneration of pomegranate was established on MS 
medium supplemented with different concentrations and combinations of plant growth 
regulators. As explant cotyledons were employed for this study. Ninety percent of the 
cultured explants responded to form shoots from 30 days old in vitro raised seedlings 
after 90 days of culture initiation in MS containing 1.0 mg/l IBA + 0.1 mg/l NAA. The 
average number of shoots per explant was 10.0 ± 2.20, shoot length of 12.0 ± 2.40 cm, 
node per regenerated shoot was 9.0 ± 1.60 and the leaf number was14.0 ± 1.40. Well 
developed shoots were cultured on half strength of MS medium supplemented with 0.5 
mg/l IBA, in which 90% shoot induced roots implanted after one month. The average 
number of root per shoot was 8.0 ± 0.90 and the average root length of 6.5 ± 0.40 cm was 
observed in this medium. Eighty percent plantlets were survived in the outdoor 
condition during the acclimatization period of seven days.   
 

Introduction 
Pomegranate is a fruit-bearing deciduous small tree and belongs to the family of 
punicaceae (Popenoe 1974). It is an economically important plant which is growing 
tropical and sub-tropical regions of the world due to its delicious edible traits with 
pharmaceutical and ornamental usage (Jayesh and Kumar 2004). The fruit is largely used 
as a dessert and the seeds along with the fleshy pulp called aril are dried and also used as 
a condiment (Raj and Kamlesh 2010). The fruit juice is a good source of sugars, vitamin 
C, vitamin  B,  pantothenic  acid,  potassium,  antioxidant   polyphenols, fibre  and  a  fair  
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source of iron (Raj and Kamlesh 2010, Fuhrman and Aviram 2007). It is considered native 
to Iran, Afganistan, Pakistan and India. In the time it is diffused and has been cultivated 
widely in China, North Africa and Mediterranean Europe (Decandolle 1967, Zukovskij 
1950, Raj and Kamlesh 2010). In Bangladesh, it is commonly known as Anar or Bedana 
and cultivated only at homestead area. But growing demand is increasing due to its 
delicious properties and haemoglobin improvement elements and also preferred as a 
delightful food for the patient. It is conventionally propagated by air layering or 
hardwood and softwood cuttings (Samir et al. 2009, Jalikop 2010, Pal and Singh 2017). 
But the establishment of new plants requires one year and carrying insect-pest-diseases 
and also limited due to lack of mother plants. Thus, the present investigation would help 
in overcoming the difficulties of vegetative propagation and rapid mass production of 
disease-free propagules. Moreover, this technique is used for long term storage of the 
clones and also useful for crop improvement via genetic transformation. A number of 
reports are available on micropropagation of pomegranate over the past few years (Sara 
et al. 2020, Bachake et al. 2019). Protocols have been developed from the regeneration of 
callus through leaf segments (Omura et al. 1987, Murkute et al. 2002), through cotyledon 
explants (Murkute et al. 2002, Raj and Kamlesh 2008, Kanwar et al. 2010) and anther 
culture (Moriguchi et al. 1987). Plant regeneration through embryogenesis has been 
reported from various seedling explants (Jaidka and Mehra 1986), from petal explants 
(Nataraja and Neelambika 1996) and from immature zygotic embryos (Bhansali 1990, 
Kanwar et al. 2010). In vitro propagation of pomegranate through axillary shoot 
proliferation using nodal segments (Zhang and Stolz 1991, Naik et al. 1999, 2000, 
Murkute et al. 2004, Kanwar et al. 2004), shoot tips (Murkute et al. 2004) and 
cotyledonary nodes (Sharon and Sinha 2000) has also been reported. Micropropagation in 
pomegranate can be initiated through the regeneration of existing meristems and/or 
regeneration from adventitious meristems or through regeneration by somatic 
embryogenesis (Guruanna et al. 2017). So far, in our knowledge, there has been hardly a 
single report done in the country regarding in vitro propagation of exotic pomegranate 
using cotyledon as explants. Thus, the present study was conducted to establish a 
reproducible protocol for large scale in vitro production of propagules of a pomegranate 
without any seasonal barrier using different concentrations and combinations of plant 
growth regulators and cotyledon as explants. 
 

Materials and Methods 
Fully ripen fruit of pomegranate (Punica granatum L.) was collected from the local 
market. The juicy pulp was removed from the seeds and subsequently washed 
thoroughly for 20 minutes under running tap water. The seeds were surface sterilized by 
treating with an aqueous solution of 0.1% mercuric chloride accompanied with 2 drops of 
‘tween 20’ for 10 minutes in the laminar airflow cabinet under aseptic conditions. Rinsing 
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was done 4 times with sterile distilled water. Sterilized seeds were then cultured on MS + 
0.2 mg/l BA + 0.2 mg/l GA3 for raising in vitro seedlings.  
 Cotyledons of 30 days old in vitro raised seedlings were excised aseptically and 
cultured on to MS medium supplemented with different concentrations of BA and Kn 
either single or in combinations with NAA for multiple shoot formation. Sub-culture was 
done after 30 days interval on the same medium for promoting strong and healthy 
multiple shoots. Morphologically healthy shoots were excised individually and 
transferred to half strength of MS basal medium supplemented with different 
concentrations of IBA, IAA and NAA for root induction. The sucrose (table sugar) 
concentration was used 30 g/l and the pH of the media adjusted to 5.8 prior to 
autoclaving. Cultures were incubated at 26 ± 2ºC with a 16 hour illumination of 21.8 
µmol/cm2/s provided by cool white fluorescent tubes. In vitro raised plantlets were 
removed from culture vessels, washed thoroughly to remove traces of nutrient medium, 
transferred to poly bags and placed outdoor condition for acclimatization. 
 Data were collected on different characters at day 90 for multiple shooting and at day 
30 for rooting of shoots. Observations on culture were carried out daily. The experiments 
were arranged in a completely randomized design (CRD) with three replications for each 
treatment and five explants per replication. Each experiment was repeated twice. A 
descriptive analysis was carried out using the recorded data. Each value represents Mean 
 standard errors.       
 

Results and Discussion 
Shoot initiation from the cotyledon explants (Fig. 1a) was observed in most of the media 
used except the media containing 0.5 mg/l BA and 0.5 mg/l Kn alone used in the study. It 
was found that shoot proliferation differed according to media component used (Table 
1). Among the media component used, the combination of 1.0 mg/l BA + 0.1 mg/l NAA 
was found to be the best for shoot proliferation, in which 90% explants produced shoots 
(Fig. 1 b). The average number of shoot per explant was 10.0 ± 2.20, average shoot length 
of 12.0 ± 2.40 cm, average number of node per regenerated shoot was 9.0 ± 1.60 and the 
average leaf number of 14.0 ± 1.40 were observed in this medium culture after 90 days. A 
good response towards shoot formation and shoot multiplication of pomegranate by 
using BA + NAA was reported (Bandok et al. 1986, Murkute et al. 2004, Rudra and 
Juwarkar 2002, Singh 2003). These are in agreement with the present investigation. All 
concentrations of BA and Kn alone and in combination of Kn + NAA showed the 
decreasing trend of explants proliferation in terms of average number of shoots, shoot 
length, node counting and leaf number compared to that of combination BA + NAA. This 
indicates that the combination of BA + NAA is the best for shoot proliferation and 
multiplication in vitro and 1.0 mg/l BA + 0.1 mg/l NAA was found most optimum for in 
vitro regeneration of pomegranate. The occurrence of better response towards shoot 
formation and multiplication using BA + NAA was reported by many authors with other 
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plants (Roy et al. 2011 in sugarcane var. Isd 16, Roy and Kabir 2007a in sugarcane var. Isd 
32, Roy and Kabir 2006 in sweet orange, Roy and Kabir 2007b in apple, Rahman et al. 
1999 in Emblica officinalis, Munshi et al. 2007 in cabbage, Kabir et al. 2006 in orchid cv. 
Sonia). Rooting response differed according to concentration of different auxins used 
(Table 2). Among the auxins used, IBA was found most responsive and 0.5 mg/l IBA was 
showed optimum, in which 90% shoots with roots (Fig. 1c) after 30 days of culture 
initiation in this medium. The average number of roots per shoot was 8.0 ± 0.90 and the 
average root length was 6.50 ± 0.40 cm. In vitro raised shoots responded well for root 
induction at low concentrations of IBA and did not response at all when the 
concentrations were increased  
 

 
 

Figs 1. In vitro plant regeneration of pomegranate (Punica granatum L.) through cotyledon culture. 
a). Shoot initiation on MS + 1.0 mg/l BA + 0.1 mg/l NAA (arrow pointed cotyledon).  b). 
Multiple shoot formation in the same medium at sub-culture 4 whilst sub-culture followed 1 
month interval. c). Root induction on half strength MS + 0.5 mg/l IBA. d). In vitro raised plants 
resumed new growth in earthen pot.  
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up to 1.25 mg/l and higher than that. This indicates that a high concentration of IBA is 
toxic for root induction of pomegranate. Similar observations were reported by Samir     
et al.  (2009) in Nab E1-gamal cultivar and Murkute et al. (2004) in Ganesh cultivar of 
pomegranate. On the contrary, NAA induced rooting has already been reported in Punica  
granatum L. by several authors (Omura et al. 1987, Mahishui et al. 1991, Yang and 
Ludders 1993, Amin et al. 1999, Naik et al. 2000, Naik and Chand 2003, Zhu et al. 2003).  
 
Table 1. Effect of different concentrations and combinations of plant growth regulators in MS on 

shoot proliferation from cotyledon explants in exotic pomegranate at 90 days.   
 

Plant growth 
regulators 
(mg/l) 

% of explants 
forming 
shoots 

Av. no. of 
shoots/explants 

Mean ± SE 

Av. shoot length/ 
explants  (cm) 

Mean ± SE 

Av. no. of 
nodes/explants 

Mean ± SE 

Av. no. of 
leaf/explants 

Mean ± SE 

BA      

0.5 - - - - - 

1.0 50 5 ± 0.60 6 ± 0.50 6 ± 0.60 10 ± 0.90 

1.5 50 5 ± 0.80 4.5 ± 0.60 5 ± 0.30 8 ± 0.60 

2.0 20 3 ± 0.20 4 ± 0.40 4 ± 0.30 6 ± 0.40 

Kin      

0.5 - - - - - 

1.0 60 3 ± 0.40 4 ± 0.20 4 ± 0.60 6 ± 0.40 

1.5 40 2 ±  0.30 4 ± 0.40 4 ± 0.30 6 ± 0.20 

2.0 30 2 ± 0.30 3 ± 0.30 3 ± 0.20 4 ± 0.20 

BA + NAA      

0.5 + 0.1 60 4 ± 0.60 5 ± 0.70 4 ± 0.60 6 ± 0.30 

1.0 + 0.1 90 10 ± 2.20 12 ± 2.40 9 ± 1.60 14 ± 1.40 

1.5 + 0.1 40 6 ± 0.90 6 ± 0.40 5 ± 0.70 8 ± 0.60 

2.0 + 0.1 40 3 ± 0.40 4 ± 0.30 4 ± 0.40 6 ± 0.40 

Kn + NAA      

0.5 + 0.1 40 2 ± 0.20 4 ± 0.30 4 ± 0.30 4 ± 0.30 

1.0 + 0.1 50 5 ± 0.70 6 ± 0.50 6 ± 0.40 8 ± 0.70 

1.5 + 0.1 40 3 ± 0. 40 4 ± 0.40 4 ± 0.50 6 ± 0.40 

2.0 + 0.1 20 2 ± 0.30 4 ± 0.20 4 ± 0.60 6 ± 0.30 

- = No response 
 

But, in the present study, it was found that rooting responded from NAA and IAA 
supplemented media is extremely poor. This might be due to the effect of genotype. The 
superiority of IBA for rooting over other auxins has also been reported (Jaiswal and 
Amin 1987, Amin and Akhter 1983, Amin et al. 1992, Grewal et al. 1994). Comparatively 
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healthy rooted shoots were taken out from the culture vessels and washed gently under 
running tap water to get rid of agar. The in vitro rooted plantlets were then transferred to 
earthen pots (Fig. 1 d) containing a mixture of soil and compost (2:1) and covered with 
transparent polyethylene lid to maintain high humidity. After one week, the 
polyethylene lids were removed and plantlets were kept in a shade and misted twice a  
 

Table 2. Effect of IBA, IAA and NAA on half strength MS media in root induction of in vitro raised 
shoot of exotic pomegranate at 30 days. 

 

Plant growth 
regulators 

  

Concentrations 
 (mg/l) 

% of shoots 
inducing 

roots 

Average number 
of roots induced/ 
shoot (Mean ± SE) 

Average root length 
(cm) (Mean ± SE) 

IBA 0.25 50 4 ± 0.30 5 ± 0.30 

 0.50 90 8 ± 0.90 6.50 ± 0.40 

 0.75 40 4 ± 0.60 4.5 ± 0.30 

 1.00 30 2 ± 0.20 4.0 ± 0.60 

 1.25 10 2 ± 0.20 3 ± 0.20 

 1.50 - - - 

 2.00 - - - 

IAA 0.25 - - - 

 0.50 - - - 

 0.75 10 2 ± 0.30 3 ± 0.40 

 1.0 20 2 ± 0.10 3 ± 0.20 

 1.25 - - - 

 1.50 - - - 

 2.00 - - - 

NAA 0.25 - - - 

 0.50 - - - 

 0.75 - - - 

 1.00 20 3 ± 0.40 3.5 ± 0.40 

 1.25 - - - 

 1.50 - - - 

 2.00 - - - 

- = Absent/ No response  
 

day. About 80% of the plantlets were resumed new growth within 30 days. A total 
number of 40 plantlets were survived in the field out of 50 in vitro regenerants. The 
development of efficient tissue culture protocol is necessary for conservation and genetic 
improvement of this valuable fruit crop. Hence, the protocol described in this study is 
repeatable and also long-term in vitro regeneration using cotyledon as explants.   
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Conclusion  
In vitro micropropagation ensures true to type and rapid multiplication of disease free 
propagules and such can be used as super elite variety(s) or genotype(s) for quick spread. 
Our study focused on using a particular concentration and combination of plant growth 
regulators which can play an important ingredient for better multiple shoot initiation and 
rooting ability to form into complete plantlets of pomegranate genotype. Moreover, the 
findings would be useful for development of direct organogenesis protocol in this species 
of other genotypes and genetic improvement through somaclonal variation and also 
genetic transformation and in vitro mutagenesis of this crop.   
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