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Introduction

Strawberry (Fragaria × ananassa) is a hybrid species of 
the genus Fragaria, which is grown worldwide for its fruit. 
The fruit is known throughout the world for its distinctive 
red colour, juicy texture, aroma and sweetness (Giampieri 
et al. 2012; Ulrich et al. 2018). Fruits are consumed either 
fresh or utilized in preparation of chocolates, jam, juice, ice 
cream, pies, and milkshakes (Afrin et al. 2016). Cultivars 
of strawberry have their distinct colour, flavour, size, and 
shape, degree of fertility, season of ripening, shelf life of 
fruit, disease resistance and nutrition quality (Vallarino 
et al. 2018). In 2017, the global production strawberries 
was 9.22 million tons (FAOSTAT 2017). Strawberries can 
be cultivated in a wide range of agro-climatic conditions 
(Martinelli 1992). Hence, commercial production for the 
fresh fruit market and processing industry has increased 
dramatically in last two decades (Qin et al. 2008; FAOSTAT 
2017).  

During the last three decades, several Florida-bred 
cultivars have been released and extensively planted, 
including ‘Carmine’, ‘Earlibrite’, ‘Strawberry Festival’, ‘Sweet 
Charlie’, and ‘Winter Dawn’(Santos et al. 2007). Cv. ‘Sweet 
Charlie’ is popular for its delicious, sweet and nutritious fruits 
(Rekha et al. 2012). The fruits are firm and can withstand 

gentle shipping over short distances. It is resistant to fruit 
rot, powdery mildew and anthracnose crown (Howard 
1994). In addition, it is a good choice for the home garden. 
Cv. ‘Winter Dawn’ is moderately resistant to anthracnose 
fruit rot, Botrytis and Colletotrichum crown rot diseases, 
but it produces large and easily harvestable fruit (Chandler, 
Dover 2009). Runners arising from axillary buds on the 
plant crown are traditionally utilized for the propagation of 
strawberries. With this method, only a limited number of 
plantlets can be produced, the plantlets have poor quality, 
and pathogens are transferred from the stock plant, which 
limits agricultural yield. This is particularly crucial for viral 
diseases, as viruses are transported via vascular bundles 
(Quiroz et al. 2017). 

It has been reported that micropropagated plants 
yield more runners per plant (Mohan et al. 2005). 
Micropropagation of strawberry plants was developed 
around fifty years ago (Boxus 1974). Thereafter, many 
European nurseries were interested in this technique 
(Mohan et al. 2005), and micropropagation protocol has been 
utilized for commercial-scale propagation of strawberries 
in many countries (Boxus 1989; Martinelli 1992; Palei et 
al. 2015). The objective of this study was to develop a large-
scale propagation protocol for strawberry cv. ‘Sweet Charlie’ 
and ‘Winter Dawn’ using the micropropagation technique. 
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Abstract

The objective of this study was to develop a protocol for large-scale propagation of strawberry cv. ‘Sweet Charlie’ and ‘Winter Dawn’ using 
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charcoal and 6% table sugar. Plants were successfully acclimatized and survived in field conditions.
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Materials and methods

Development of cost-effective protocol
For development of a cost-effective protocol, some 
alternative strategies were attempted. To develop a cost-
effective protocol, table sugar cubes from the local market, 
LED lights to reduce cost of electricity, low cost agar, reverse 
osmosis (RO) water, and laboratory grade chemicals were 
used (Table 1 and 2).  

Disinfection of shoot tip
Aseptic cultures were initiated from 3 to 4 cm long runner 
tips of two-month-old healthy plants of strawberry 
cultivars ‘Sweet Charlie’ and ‘Winter Dawn’, which were 
maintained in a greenhouse during the July to September 
period. Shoot-tips were washed with running tap water for 
10 min to remove adhering dust. Afterwards, these shoot 
tips were soaked in 3% Teepol™ (liquid soap solution) for 
5 min and washed in running tap water for 10 min. Shoot 
tips were disinfected in aseptic condition with 1% bavistin 
(a fungicide solution consisting of carbendazin 12% + 
mancozeb 63%) for 10 min. Later, these shoot-tips were 
treated using 0.5% sodium hypochloride solution for 7 to 8 
min, followed by immersion in 0.05% mercuric chloride for 
1 min, and finally the shoot tips were washed three times 
with sterilized RO water. Shoot tips were trimmed (0.4 to 
0.5 cm) at the cut end prior to inoculation onto culture 
initiation medium. 

Culture medium
Culture medium consisted of Murashige and Skoog (1962; 
MS) nutrient medium containing 0.75% tissue culture 
grade agar (Titan Biotech, Delhi, India), 0.7 g L–1 ascorbic 
acid (AA), 10 mg L–1 adenine sulphate (ADS) and 4% table 
sugar (from a local supplier). The pH of the culture media 
was adjusted to 5.8, and about 50 mL medium was poured 
in glass bottles with semi transparent polypropylene 
screw-caps (300 mL volume, Hindusthan National Glass & 

Industries, Nashik, India) and autoclaved for 15 min at 121 
°C. All chemicals used for preparation of MS medium were 
of laboratory grade and procured from SRL Chemicals, 
Mumbai, India. Shoot clumps were subcultured at regular 
interval of 35 days. 

Culture conditions
Cultures were kept at 16:8 h light/dark photoperiod with 
light intensity of 2500 lux (Wipro 4-Feet 20 W LED Batten 
Cool Day Light, Wipro Lighting, Pune, India), and 25 ± 2 
°C temperature. 

Culture initiation
Culture initiation medium consisted of MS medium with 
additives as mentioned in the culture medium section with 
5 mg L−1 benzyladenine (BA), 0.1 mg L−1 kinetin (KN), 0.7 g 
L–1 AA, 10 mg L–1 ADS and 4% table sugar, which produced 
around 4 to 5 shoots within one month. 

Shoot multiplication
During culture initiation and initial subculturing (up to 
second subculture), only single shoot-tips or shoot clusters 
were inoculated per bottle to avoid culture loss due to 
microbial contamination. During shoot multiplication, 
MS medium with 1 mg L–1 BA and 0.01 mg L–1 KN was 
used for first two subcultures to avoid loss of cultures due 
to endophytic contamination (shoot clump each with five 
shoot buds with  > 1 cm shoot length). From the third 
subculture, three shoot clumps (each bottle consisted of 
three shoot clumps with 5 to 6 shoots with > 1 cm shoot 
length) were maintained on 3/4 strength MS medium with 
0.5 mg L–1 BA and 0.1 mg L–1 KN to avoid vitrification and 
stunted growth. After the ninth subculture, cultures were 
again initiated from micropropagated plants maintained in 
the greenhouse. 

In vitro rooting
Prior to in vitro rooting, the cut ends of in vitro raised 

Table 1. Cost effective micropropagation of strawberry cultivars ‘Sweet Charlie’ and ‘Winter Dawn’

Item Options available Used in the present work Cost 
Light source While fluorescent tubes / 

halogen bulb
LEDs used (low energy 
consumption )

LED lamps use 25 to 30% of the energy 
and last 8 to 25 times longer than halogen 
lamps (Energy.gov 2021)

Carbohydrate source Sucrose Table sugar cubes from local 
market

Labogen AR Grade sucrose price is 15.16 
US$ per kg, while table sugar cube cost is 
1 US$ per kg

Gelling agent Agar or gelrite or phytagel Agar-agar type II (low cost) 50% less price
Water Distilled water Reverse osmosis (RO) water Distilled water systems are more expensive 

to operate and take longer to filter water 
than RO system (Applequist 2018)

Grade of chemicals Analytical Laboratory grade Laboratory grade chemicals have low cost 
Acclimatization matrix Soilrite / rockwool / perlite 

cocopeat / moss
Only cocopeat Cocopeat is less expensive as compared to 

perlite
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shoots were treated with 500 mg L–1 indole-3-butyric acid 
(IBA) solution for 30 s and then were cultured on MS 
medium with 1 mg L–1 IBA, 0.1% activated charcoal and 
6% table sugar.  

Acclimatization of plantlets
For primary hardening, in vitro rooted shoots were taken 
out from the culture medium and gently washed with tap 
water to eliminate any traces of adhering medium and 
were transferred to nursery trays (98 cavity, local market, 
Vadodara, India) containing sterilized cocopeat in a 
polyhouse. Nursery trays were covered with transparent 
polythene (~ 100 micron) in a low tunnel for 10 days to 
maintain high relative humidity (95%) and protect them 
from water and light stress. These plants were irrigated with 
0.2% (w/v) liquid nitrogen, phosphorous and potassium 
fertilizer solution Sardar WSF-19-19-19TM (GSFC, 
Vadodara, India) at regular intervals of three days. 

Secondary hardening and field transfer was performed 
after four weeks. The plantlets were transferred to the 
net-house onto plastic bags containing garden soil for 
acclimatization and hardening and then were transferred 
outdoors for the field trial. Field trials were conducted in 
Mahabaleshwar, India (17.93° N, 73.64° E). The field soil 
texture was sandy silt / sandy loam (3 to 6% ignition loss). 
Plants were cultivated in a well-drained medium loam soil, 
rich in organic matter. The pH of soil ranged from 5.7 to 
6.5. It was observed that at higher pH, secondary root and 
runner formation was inhibited in the field.  Plants were 
raised on 4 × 4 m or 4 × 3 m beds. The distance between 
two plants was 45 cm and about 60 to 75 cm between two 
rows. These plants were irrigated at 25- to 28-day intervals 
during evening hours. 

Results

This study presents the developed micropropagation 
protocol for strawberry cv. ‘Sweet Charlie’ and ‘Winter 
Dawn using shoot tip explants. On the culture initiation 
medium, about 4 to 5 shoot buds developed from the 
petiole base of the older leaves in all cultures within 3 to 4 

weeks. These shoot buds grew very quickly and produced 
new shoot buds continuously on the same medium. Within 
2 months, these cultures turned into clusters of small shoot 
buds. 

Repeated subcultures of shoot clumps on 3/4 strength 
MS with 0.5 mg L–1 BA and 0.1 mg L–1 KN resulted in rapid 
shoot multiplication. It was observed that, during subculture, 
the shoot multiplication rate of the ‘Winter Dawn’ cultivar 
was about 15% higher than for ‘Sweet Charlie. However, 
after the ninth subculture, in vitro cultures showed sign of 
vitrification and decrease in shoot length, and there was a 
decline of the survival rate of plants in a natural condition.

Pulse treatment with IBA and subsequent culturing in 
MS with 1 mg L−1 IBA and 0.1% activated charcoal resulted 
in 100% root formation within 25 days (Table 2). The plants 
began to produce runners during secondary hardening and 
were ready for field planting after 4 months. 

Discussion

For the commercial-scale production of strawberry 
plantlets, the micropropagation technique is most popular 
method (Boxus 1989; Capocasa et al. 2019). Adams (1972) 
was the first to demonstrate the possibilities of propagation 
of strawberry plants using shoot tip meristems. Apical 
meristem culture is the only method that ensures genetic 
uniformity of micropropagated plants (D’Amato 1977). It is 
difficult to establish aseptic culture from field-grown plants 
due to a high contamination rate. Explants collected from 
plants grown in the greenhouse show more regeneration 
potential, high viability and minimal contamination, than 
for other methods. (Niedz, Bausher 2002; Fraga et al. 2004; 
Hand et al. 2016). Therefore, shoot tips from greenhouse 
grown healthy plants are utilized as for micropropagation 
of strawberry. 

Repeated subculturing of shoot clumps helped to 
achieve continuous shoot production. However, after 
repeated subculturing, occurrence of vitrification can be 
due to either genetic or epigenetic changes resulting from 
repeated fluxes in cytokinin, nutrient status or sucrose, or 
from elimination of seasonal environmental fluctuations 

Table 2. Strategies for the establishment of micropropagation of strawberry cultivars ‘Sweet Charlie’ and ‘Winter Dawn’

No. Strategy Reason
1 Only greenhouse grown healthy plants were selected as 

donor plant
Problem with stock plant or disinfection procedure or subculture

2 During initial subculture one explant per culture vessel and 
discard infected plants at subculture stage

Useful for early detection of microbial contamination

3 From third subculture onwards:
• ¾ MS medium,
• benzyladenine concentration has been reduced: 0.5 mg L–1,
• agar concentration has been increased: 0.85%

To prevent hyperhydricity and shoot tip necrosis during 
subculture

4 Pulse treatment with 500 mg L–1 of indole-3-butyric acid and 
addition of activated charcoal in rooting medium

Pulse treatment improves rooting and activated charcoal provides 
dark environment and improves rooting in both cultivars
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(Norton, Norton 1986).
Exogenous application of auxin stimulates rooting 

(Label et al. 1989), and therefore we tried pulse treatment 
of IBA. Efficacy of pulse treatment for in vitro rooting was 
reported for two strawberry cvs., ‘Alpha’ and ‘Festivalnaya’ 
(Ambros et al. 2018). IBA is extensively utilized for the 
in vitro rooting of various strawberry cultivars, including 
cv. ‘Ofra’ (Anuradha et al. 2016), ‘Festival’ (Sharma, 
Kumar 2012; Khalil et al. 2019), ‘Oso Grande’ (Lal et al. 

2003; Rattanpal et al. 2011), ‘Chandler’ (Lal et al. 2003), 
‘CamaRosa’ (Lal et al. 2003; Haddadi et al. 2010) and ‘Sweet 
Charlie’ (Sharma, Kumar 2012; Harugade et al. 2014; Khalil 
et al. 2019). Efficacy of IBA and activated charcoal for in 
vitro root formation was reported for cvs. ‘Festival’ and 
‘Sweet Charlie’ of strawberry (Khalil et al. 2019). Activated 
charcoal provides a darkened condition, which promotes 
rooting (Table 2). However, elucidation of the exact 
mechanism of action of activated charcoal requires more 

Fig. 1. Micropropagation of strawberry cultivars ‘Sweet Charlie’ and ‘Winter Dawn’. A, cv. ‘Sweet Charlie’ culture initiation (MS medium 
+ 5 mg L–1 benzyladenine + 0.1 mg L−1 kinetin + 10 mg L–1 adenine sulphate + 0.7 g L–1 ascorbic acid + 4% table sugar + 0.75% tissue 
culture grade agar). B, cv. ‘Winter Dawn’ culture initiation (MS medium + 5 mg L−1 benzyladenine + 0.1 mg L−1 kinetin + 10 mg L–1 
adenine sulphate + 0.7 g L–1 ascorbic acid + 4% table sugar + 0.75% tissue culture grade agar). C, shoot multiplication (cv. ‘Sweet Charlie’: 
3/4 MS + 0.5 mg L–1 benzyladenine + 0.1 mg L–1 kinetin  + 10 mg L–1 adenine sulphate + 0.7 g L–1 ascorbic acid + 4% table sugar + 0.75% 
tissue culture grade agar). D, in vitro rooting (cv. ‘Sweet Charlie’: in vitro raised shoots pulse treated with 500 mg L–1 indole-3-butyric acid 
for 30 s, cultured on MS with 1 mg L–1 indole-3-butyric acid, 0.1% activated charcoal and 6% table sugar. E, acclimatization in nursery 
tray with cocopit (cv. ‘Sweet Charlie’). F, acclimatized plant after 1 month (cv. ‘Sweet Charlie’) G, acclimatized plants in nursary polybag 
with soil (cv. ‘Sweet Charlie’). 
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Fig. 2. Schemetic summary of micropropagation of strawberry cultivars. AA, ascorbic acid; AC, activatec charcoal; ADS, adenine 
sulphate; BA, 6-benzylaminopurine; HgCl2, mercuric chloride; IBA, indole-3-butyric acid; KN, kinetin; NaOCl, sodium hypocloride; 
ROW, reverse osmosis water; RTW, running tap water.

studies (Thomas 2008).   
In the present study, 95% survival of plants were 

observed during primary hardening on cocopeat. In 
contrast, combinations of perlite, vermiculite, and cocopeat 
(2:1:2, v/v/v) resulted in 90% plant survival and after 
irrigation using Hoagland’s solution for cv. ‘Camarosa’ 
(Haddadi et al. 2010).

Conclusions

A method was developed for rapid shoot multiplication 
of two commercially important straberry cultivars, ‘Sweet 
Charlie’ and ‘Winter Dawn’, using shoot tip explants. Using 
this technique, a large number of high quality planting 
material can be obtained in a very short period. With the 
help of this protocol, more than ten thousand plants can 
be produced from single shoot tip within one year. The 
suggested protocol is summarized in Fig. 2. During the 
acclimatization step, 95% survival was obtained, which 
could reduce the costs. 
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