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ABSTRACT 

 

A micropropagation procedure for rapid multiplication of strawberry by runner tips is 

described. The highest regeneration rate and most shoots  per runner tips explants resulted on 

a medium based on Knop medium and M.S. micro element supplemented with (1mg/l) BAP 

and 0.5 mg/l kn together with glucose at a concentration of 4%. Glucose was more effective 

than sucrose or a combination of these sugars. Best results on rooting were obtained with 

Knop salt formulation having 1mg/l IBA. Addition of 300mg/l activated charcoal also 

enhanced rooting using this produce, 90%. of shoots, rooted. The survival rate at the end of 

the acclimatization period was 80%.  
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INTRODUCTION:  

 The cultivated strawberry Fragaria X ananassa Dutch is a vegetative propagated 

octoploid species (2n= 8x = 56) derived from F. virginiana and F. chiloensis. It is charaterized 

by high level of hetrozygosity mainly due to its hybrid background. Strawberry cultivars are 

well adapted to different climate (Mitra, 1991) like moderate mediterranean, subtropical and 

tropical. The use of micro propagation for producing pathogen free strawberry mother plants 

has been quite successful (Boxes1974, 1992, Marcotrigiano et al. 1984; Swartz and Lindstrom 

1986). This investigating was undertaken to optimize in vitro culture condition for multiplying 

the strawberry c.v. Gorilla.  
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MATERIAL AND METHODS 

 Cultures were initiated from 1-2 long runner tips of virus free plants c.v. Gorilla. 

Explants were surface sterilized with sodium hypochlorite (5%) for 8 minutes followed by 

Tween-20 for half an hour. The runner tips were further rinsed with 70% ethanol (1min) 

followed by 0.1% HgCl2 (5 min) and rinsed three times with sterile water. The culture medium 

used was modified Murashige and Skoog (1962), B5 (1968) and Knop (1965). Modification 

refer only to macro elements, since MS micro elements were used in all cases. Different types 

and concentration of sugars were added, supplemented with BAP, Kn singly on in 

combination. The pH was adjusted to 5.7 and the medium was autoclaved for20 min at 1210c 

(0.1mPa). After culturing explants were incubated in a growth chamber at 230±10C and 16hr, 

photoperiod at 3000 lux approximately. Single axillary shoot, over 5mm long were used in all 

experiment for sub culturing into new media every 4-5 weeks intervals, Glass growth tubes 

each containing 20ml of solid media were used for the initial phase of culture and for 

subsequent proliferation phase glass bottles containing 50ml of medium were used. 

RESULTS 

 SHOOT INDUCTION: Runner segment were cultured in Knop medium and MS 

microelements with different concentration of BAP and Kinetin i.e. 0.0 mg/l (control), 

0.5mg/l, 1.5mg/l, 2mg/l, (Table-1) after four weeks, the cultured explants were subcultured. 

 (Table-1) Response of strawberry explants to different BAP and kinetin concentration 

supplemented in Knop macroelements and MS microelements 

having 4% Glucose. 

 

BAP 

mg/l 

Kinetin 

mg/l 

No of 

explants/culture 

Average no of 

shoots/culture 

Average 

length 

shoots/culture 

(cm) 

Average no of 

leaves/culture 

0.0 0.0  20 - - - 

0.5 0.5 20 4 2 5 

1.0 0.5 20 10 5 15 

1.5 0.5 20 6 2.5 8 

2.0 0.5 20 0.0 0.0 0.0 

  

 The highest average number of shoots (10), length of shoot (5 cm), Number of leaves 

15 were observed of the concentration of 1.0 mg/l BAP and 0.5 mg/l kn, (Table1), (FigB), No 

shoots was induced of the high (2.0 mg/l) BAP and (0.5 mg/l kn). Rest of the treatment 

produced shoots that were fragile. The lowest average length (2cm) of shoots and average 

number (5) of leaves were observed in 0.5 mg/l BAP and 0.5 mg/l kn. 
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ROOT INDUCTION: 

 After five weeks the elongated shoots were transformed into the rooting  media. Among 

the concentration IBA @ mg/l showed the best performance in all the parameters studied. 

(Table-2) 

Table-2 Effects at different IBA concentration in Knop salt formulation on root 

induction ability of strawberry. 

Treatment mg/l  Day to root 

initiation 

Average no of 

root/culture 

Average length of 

root/culture 

0.0. - - - 

0.5 8-9 4 2.1 

1.0 7-8 8 4.05 

1.5 12-13 3 3.0 

2.0 14-15 2 1.5 

2.5 16-17  2 1.0 

 

 Only 1/mg/l IBA concentration took short as time (7-8 days) for root induction. The 

highest no (8) of root/culture and the longest (4.05cm) roots were also obtained from same 

concentration. On the other hand root produced by other treatment were narrow. No roots 

were produced in control treatment. Addition of 300 mg/l of activities charcoal also enhanced 

rooting in /mg/l IBA. (fig C). 

DISCUSSION 

In vitro culture of strawberry greatly affected the quality of material obtained and its field 

performance (Boxus 1974); Macrotrigiana et al. (1984); Rancillae et al. (1987); Zimmerman 

(1991). In c.v. ‘Gorilla’ use of 1-2 mm long runner tips allowed the establishment of in vitro 

culture with a 75-100% survival during March until May while contamination problem 

occurred with culture initiated during rest of year. The different salt formulation used 

significantly affected average shoot length of cultivar ‘Gorilla’ with Knop (1965) being better 

than MS (1962) or B5 (1968). However Ara et al. (2012) found MS medium, better than any 

other medium. Karim et al. (2015), Bhatt and Dhar (2000) reporting sprouting in strawberry 

using MS medium containing kinetin or in combination with BAP and NAA. In c.v. ‘Gorilla’ 

best results were obtained with Knop medium 10-15 auxiliary shoots per culture (5 subculture 

average). Proliferation rate decreased through sub culturing in MS or B5 formulation all 

shoots in MS were vitrified while those in B5 grew poorly but looked normal. In Knop 

medium shoots were of better quality. 

 MS, a high ionic strength salt formulation has been widely recommended for strawberry 

micropropagation by Beech et al. (1988), although our best result for c.v. Gorilla were 

obtained in Knop + MS minor. This result agree with several reports Shoemaker et al. (1985) 
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who pointed out that small fruits, particularly Fragaria X ananassa were sensitive to high 

nutrient levels in the culture medium.  

 The effects of different types and concentration of sugar on adventitious shoot 

regeneration was studied. When sucrose was replaced by glucose the percentage of 

regeneration increased. 

 Benzyladenine seems to be important in controlling proliferation of strawberry shoots. 

Macrotrigiana et al. (1984) observed on a large number of strawberries cultivars that BAP 

concentration in range of 1.3-13.3 𝜇, did not produce significant difference in multiplication 

rate in contrast Simpson and Bell (1989) found clear differences among genotypes in their 

BAP requirements for optimum shoot proliferation. The use of low BAP concentration on 

strawberry micropropagation has been recommended by Rancillac et al. (1987) since it 

decrease the risk of phenotypic abnormalities after the fields establishment of 

micropropagated plants, Mancotrigians and Swartz (1984). 

 In our case BAP concentration markedly affected c.v. ‘Gorilla’. shoot in vitro generally 

thinner shoots were obtained when BAP was used alone (Fig A). when BAP was used along 

with kn shoots were of good quality (Fig B). 

 The addition of 300mg/l activated charcoal markedly affected rooting, roots appeared 

after a few days in the presence of activated charcoal (Fig C). The beneficial effects of 

activated charcoal has also been observed in the rooting of Quercus rober, Favre and Jancker 

(1987) and could be explained by its role in observing inhibitors eg exudates (Weatherhead et 

al. (1978)). 

 Best rooting of the shoots was obtained in 1mg/l IBA (Table 2). Buxus (1992) also 

obtained rooting by inclusion of IBA in the medium. Another factor affecting root quality was 

salt formulation best results were obtained at low to medium ionic strength eg Knop medium. 

High concentration of macro elements probably interface with root differentiation. Nemeth 

(1980) and Pleigo-alfaro (1988) have also shown the convenience of low ionic strength 

formulations to improve rooting, using this produced 90% of shoots rooted. 

CONCLUSION 

    Belkengrean and Miller (1962) were first to recommended the use of meristem culture 

for elimination of viruses from Fragaria. Other workers have since used meristem tip culture 

to eliminate viruses from many commercial strawberry cultivars. Adams (1972) was the first 

report on micro propagation of strawberry. He concluded it would seem to be possible to 

obtain an unlimited number of plantlets from a single meristem. Nishi and Oasawr (1973) and 

Boxus (1974) have reported mass propagation of virus free strawberry plants. In our case for 

shoot induction Knop medium and MS minor elements gave the best results in presence of 

both BAP and kinetin hormone, for rooting IBA with charcoal gave best results. In this 
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investigation, a micro propagation protocol for strawberry has been developed. On the hand, 

this finding could be utilized in plant genetic transformation studies for better improvement. 
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Fig: A. Thinner shoots when BAP used alone. 

Fig: B. Good quality shoots when BAP used along with kinetin. 

Fig: C. Rooting in presence of activated charcoal and IBA. 

Fig: D. The complete plantlet after removal of agar. 
  

REFERENCES 

[1] Adams, A.N. 1972. An improved medium for strawberries meristem culture. S. Hort. 

Sci.47: 263-264. 

[2] Adams, A.N. 1972. Meristem culture an extra insurance against viruses, The Grower 26 

(Feb) 1515. 

[3] Ara, T; Karim, R; Karm, M.R.; Ahmad, S.; Islam, R. and Hussain , M, 2012. Effects of 

different hormone on in vitro regeneration of strawberries [Fragaria x ananssa Duch]. Int. J. 

Bio. Science vol 2, No 10 (1); 86-92. 

http://www.jetir.org/


© 2022 JETIR January 2022, Volume 9, Issue 1                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2201400 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d758 
 

[4] Beech, M.G.; Crisp, C.M.; Simpson, S.E. and Atkinson, D. 1988. The effect of in vitro 

cytokinines concentration on the fruiting and growth of conventionally propagated strawberry 

runner progeny. Journal of Horticultural Science, 49; 209-210. 

[5] Belkengren, R.O. and Miller, P.W. 1962. Culture of apical meristem of Fragaria vesca 

strawberry plants as a method of excluding latent A virus, Plant Dis rep. 46: 119-121. 

[6] Bhatt, I.D. and Dhar, U. 2000. Micropropagation of Indian wild strawberry. Plant Cell 

Tissues Organ Culture, 60: 83-88. 

[7] Boxus, Ph. 1974. The production of strawberry plants by in vitro micro propagation. J. 

Hort, Sci. 49: 209-210. 

[8] Boxus, Ph. 1977. Large scale propagation of strawberry plants from tissue culture, pp 130-

143. In applied and fundamental aspects of Plants Cell, Tissue and Organ culture, J. Reinert 

and Y.P.S. Bajay, (editions) Springer-Verlag, New York. 

[9] Boxus, P.1992. Mass propagation of strawberry and new alternative for some horticultural 

crops. In: transplant production system (Kurata, K and Kozat) T. eds. Kluwar academic 

publication. Dordrect. The Netherland. 151-162. 

[10] Karim, R.; Ahmed, F; Ara, T.; Islam, R. and Hussain, M. 2015. Varietal improvement of 

strawberry (Fragaria x annassa Dutch) through somaclonal variation using in vitro technique 

J. Agr, Sci, Tech, vol 17: 977-986. 

[11] Khierallah, H.M.S. and Ahmed R.A.H. 2014. Effect of explants type and benzyl adenine 

on culture initiation and multiplication of three strawberry cultivars. Al- Furt Journal of 

Agriculture sciences 6 (4): 1-13. 

[12] Favre, J. Mund Juncker B. 1987. In vitro growth of buds taken from seedlings and adult 

plant material in Quercus robur. Plant Cell Tissue and Organ Culture. 8:69-60.         

[13] Gamborg, O.L.; Miller R.A. and Ojima, 1968. Nutrient requirements of suspension 

culture of soybean root cells. Exp. Cell. Res. 50: 151-158. 

[14] Kiernan, J.M.; Hendrix J.W; Stoltz L.P. and Maronek D.M. 1984. Characterization of 

strawberry plants produced by tissues culture and infected with specific microrhizal fungi. 

Hort. Science. 19:883-885. 

[15] Knop, W. 1965. Quantitative under suchungen Liber die Ernahrungsprzesse der Pflanzen 

Landwirtsch, vers, stn. 7: 93-107. 

[16] Nemeth, G 1986. Introduction of rooting strawberry In biotechnology in agriculture and 

forestry, trees. (Bajaj. Y.P.S. ed.) springs, verlag. Berlin 49-64. 

http://www.jetir.org/


© 2022 JETIR January 2022, Volume 9, Issue 1                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2201400 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d759 
 

[17] Nishi, S, and Oosawa, K, 1972. Mass production method of virus-free strawberry plants 

through meristem culture. Japan Agr. Res. Quart. 7: 189-194. 

[18] Macrotrigino, M. and Swartz H.J. 1984. Histogenic instability of tissues culture 

proliferated strawberry plants. Program and abstracts. North East section. American society 

for horticultural science, Geneva, N.Y. (abstract 40). 

[19] McCown, B.H. 1988. Adventitious rooting in tissue cultured plants. In: Adventitious root 

formation in cutting. Davis, T.D. Haissing, B.E and Sankhla, N. Eds. Dioscorides press, 

Portland orgon  U.S.A. 289-302. 

[20] Macrotrigiano M, Swartz H.J; Gray. S.E. Tokarick D and Popenoe S 1984. The effect of 

benzyl amino purine on the in vitro multiplication rate and subsequent field performance of 

tissue culture propagated strawberry plants. Advance in strawberry production. 3: 23-25. 

[21] Miller, P.N. and Belkengren, R.O. 1963. Elimination of yellow edge, crinkle and vein 

banding viruses and certain other virus complexes from strawberries by excision and culturing 

of apical meristem. Plant Disc. Rep. 47: 298-300. 

 [22] Mitra, S.K. 1991. Strawberry. In: Temperate fruits (Mitra SK and Bose TK and Rathore, 

DS Eds) Horticulture and Allied publisher. Calcutta 549-596. 

[23] Murashige, T and Skoog F, 1962. A revised medium for rapid growth and bioassay with 

tobacco tissue cultures. Physiologia Plantarum. 15: 473-497. 

[24]  Penell, D. 1981, Micropropegation, the pros and cons. Grower, 23: 58-62. 

 

[25]  Penell, D, 1987. Strawberry micropropagation within U.K. In  vitro culture of strawberry 

plants. (Boxus, P and Larvar .P. Eds.). Commission of the European communities. Reports, 

EUR 10871 EN.FR 27-34. 

 

[26] Pliego-Alfano, F, 1988. Development of an in vitro rooting bioassay using juvenile-phase 

stem cutting of Persea Americana Mill. Journal of horticulture science, 63: 295-301. 

[27] Rancillac , M: Nourmsseau S.G; Navalee, J.C. and Roudeillac .P. 1987. Incidence de la 

multiplication in vitro sur le comporement  du plant fraisier en France. In: In vitro culture of 

strawberry plants. Commission of the European community’s report, EUR, 10817. EN-ER: 

55-73. 

 

[28] Shoemaker, N.P; Swartz H.J. and Gallcutta G. J. 1985. Cultivar development variation in 

pathogen reistance due to tissue culture propagation of strawberries. Hort science, 20: 253-

254. 

 

[29] Simpson, D.W and Bell S.A. 1984. The respond of different genotype of Fragaria X 

ananassa and their seedling progenies to in vitro micropropagation and the effect of varying 

http://www.jetir.org/


© 2022 JETIR January 2022, Volume 9, Issue 1                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2201400 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d760 
 

the concentration of 6-benzynlamino purine in the proliferation medium. Plant Cell Tissue and 

Organ Culture 17: 225-234.  

 

[30] Swartz, H.Z. and Lindstrom, S,I. 1986. Small fruits and grapes tissues culture from 1980 

to 1985. Commercialization of the technique. In: Tissues culture as a plant production system 

for horticulture crops (Zimmerman, R.H.; Griesbach, R.J.; Hammersclog, F.A. and Lawson, 

R.H. Eds.) Mortinus Highoff Publishers, Dordrect. The Netherlands 201-210. 

 

[31] Weatherhead, M.A.; Burdon, J and Henshaw G.G. 1978. Some effects of activated 

charcoal on an additive to plant tissue culture media. Zeitschrift Pfalzen fanzine Physiologic, 

89: 141-147. 

 

[32] Zimmerman, R.H. 1991. Micropropagation of temprate zone fruit and nutcrops. In: 

Micropropagation technology and application  (Debergh, PC and Zimmerman. R.H. Eds.) 

Kluwer Academic publisher, Dordrecht. The Netherlands. 231-246. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.jetir.org/

