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Introduction 
 

The genus Fragaria, from the family 

Rosaceae is a dicotyledonus, perennial herb 

grown in most arable regions of the world. 

The cultivated strawberry has evolved as 

natural hybrid between the F.virginiana Duch 

and F. chiloensis (L) Duch. There are about 20 

recognized species of strawberries in five 

chromosomes groups (x=7): ten diploids, four 

tetrapolids, one pentaploid, one hexaploid and 

four octoploids. The cultivated strawberry is 

an octoploid (2n=8x=56). In recent past, 

strawberry has drawn attention of scientists for 

its genetic improvement.  

 

Plant tissue culture tools have been used for 

increasing the speed and efficiency of the 

breeding process, to improve the accessibility 

of the existing germplasm and to create new 
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The effects of different doses (0, 10, 30, 50 and 60 Gy) of radioactive cobalt (
60

Co) rays on 

axillary buds of strawberry were investigated under in vitro conditions. The results showed 

that irradiated buds had increased shoot proliferation percentage, average number of 

shoots, shoot length, average number of roots, root length, root initiation percentage, 

survival percentage and number of leaves. However, at higher doses it showed inhibitory 

effects and significant decreases in all above parameters was observed. The highest shoot 

proliferation per cent (91.06 %), average number of shoots (8.44) and shoot length (2.77 

cm) was recorded when buds were irradiated with 10 Gy gamma dose followed by 30 Gy 

gamma dose. Gamma doses over 30 Gy resulted in sharp decreases in all parameters 

examined. The highest root initiation percentage (91.06 %), average number of roots 

(5.58) and root lengths (3.62 cm) was recorded from 10 Gy gamma rays. After 7 weeks of 

hardening maximum survival per cent (86.66 %) was recorded in un-irradiated (control) 

buds followed by buds irradiated with 10 Gy dose whereas, maximum number of leaves 

were recorded in case of cultures irradiated with 10 Gy. Thus it can be concluded that 

lower doses of gamma rays can improve the survival and growth of explants under in vitro 

conditions. 
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variations for crop improvement through 

micro-propagation, anther culture, in vitro 

selection (Karim et al., 2015). 

 

Induction of mutations using in vitro cultures 

and micropropagation of desirable mutants 

offers an alternative choice to broaden the 

spectrum of genetic variation among 

vegetatively propagated plants such as 

strawberry. Induced mutations with gamma 

irradiation and chemical mutagenesis provides 

an excellent tool for the rapid creation and 

increase in the variability in crop species and 

thus have contributed significantly to plant 

improvement. Gamma rays as an ionizing 

radiation affect plant growth and development 

by inducing cytological, biochemical, 

physiological and morphological changes in 

cells and tissues via producing free radicals in 

cells (Gunckel and Sparrow, 1961; Kim et al., 

2004; Wi et al., 2005). The higher doses of 

gamma radiation had been found be inhibitory 

(Radhadevi and Nayar, 1996; Kumari and 

Singh, 1996), whereas, lower doses may be 

stimulatory. Low doses of gamma rays have 

been reported to increase cell proliferation, 

germination, cell growth, enzyme activity, 

stress resistance, and crop yields (Charbaji and 

Nabulsi, 1999; Baek et al., 2005; Chakravarty 

and Sen, 2001; Kim et al., 2000, 2005). 

Therefore, this study was aimed to determine 

the optimum dose of gamma rays for 

improving shoot, root and survival per cent of 

strawberry under in vitro conditions. 

 

Materials and Methods 

 

The present study was conducted at Tissue 

Culture Laboratory, Division of Fruit Science, 

Sher-e-Kashmir University of Agricultural 

Sciences & Technology of Jammu, Jammu 

during the year 2015- 2016. The axillary buds 

of strawberry plants were used as the starting 

material for in vitro grown cultures. Axillary 

bud cultures (25 buds/ culture bottle) were 

used as replicates for each treatment. Before 

irradiated the cultures, the axillary buds were 

washed thoroughly in running tap water for 20 

minutes to remove the surface contaminants 

and was then treated with Tween 20 (2-3 

drops/100 ml of H2O) for 4-5 minutes and 

washed thoroughly with distilled water. After 

that, the washed buds were treated with 

(0.5%) bavistin for 6-7 minutes and then 

washed 3-4 times with distilled water. Finally, 

sterilization procedures were carried out under 

aspectic conditions in a laminar- air flow 

cabinet. The axillary buds were subjected to 

surface sterilization using mercuric chloride 

(0.1%) for 4 minutes. The axillary buds were 

then cultured on MS media supplemented with 

BAP (1.00 mg/l) in combination with GA3 

(1.00 mg/l) which was already standardized 

before irradiating the explants with different 

dosage of gamma rays and same media 

composition was used for shoot proliferation 

also.  

 

In vitro mutagenesis was carried out by 

irradiating the cultures with different doses of 

gamma rays in gamma chamber at Punjab 

Agriculture University, Ludhiana. The gamma 

ray treatment was performed using blood 

Irradiator (
60

Co source, Dose 11 Gy per 

minute). The axillary buds were irradiated 

with four doses of gamma rays viz., 10, 30, 50, 

60 Gy for induction of mutations. The Gamma 

ray irradiated axillary buds were cultured on 

growing media for shoot proliferation and 

were then transferred to rooting medium (MS 

medium supplemented with IBA 1. 5mg/l and 

activated charcoal 200 mg/l). The miniature 

explants were hardened and grown in 

glasshouse in pots containing soil: FYM (1:1 

v/v) for 7 weeks. The effect of gamma 

irradiation on the proliferation percentage, 

average number of shoots, shoot length after 8 

weeks of culturing, root initiation percentage, 

average number of roots, root length after 6 

weeks of culturing and the per cent survival 

and number of leaves after 7 weeks of 

transferring were recorded as per the 
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standardized methods. The data were analysed 

according to completely Randomized Block 

design (CRD) as described by Panse and 

Sukhatme (2000).  

 

Results and Discussion  
 

The in vitro mutagenesis was carried out by 

irradiating the cultures with the gamma rays at 

four doses viz., 10, 30, 50 and 60 Gy. The 

staring material used was axillary buds. None 

of the doses were found to be lethal as axillary 

buds grew normally after irradiation. The 

effects of gamma doses on shoot proliferation 

percentage after 4 weeks of incubation, 

average number of shoots and shoot length 

after 6 weeks of culturing are shown in Table 

1 and depicted in Figure 1.  

 

Stimulatory effect of low doses of gamma 

irradiation on all parameters was observed in 

case of cultures irradiated with 10 Gy and 

cultures irradiated with 30 Gy. However, the 

inhibitory effect of gamma radiation on shoot 

proliferation percentage, average number of 

shoots and shoot length was observed in the 

doses over 30 Gy. The highest shoot 

proliferation per cent, maximum average 

number of shoots and shoot length was 91.06 

%, 8.22 cm and 2.77 cm respectively from the 

10 Gy gamma treatments. 

 

The results obtained in the present 

investigation are similar to those of Charbaji 

and Nabulsi (1999) in grapevine (Vitis vinifera 

L). They observed that lower doses of gamma 

rays (5, 7 Gy) stimulated the growth of the 

shoot tip and single node explants. In the 

present studies, the positive response of 

strawberry to low dose (5 Gy) of gamma 

irradiation agrees with the hypothesis 

proposed by Fowler and McQueen (1972), 

that the stimulatory effects of low doses of 

irradiation result in increased seedling vigour. 

Stimulation of growth with lower doses of 

gamma rays has been reported in various 

crops, such as Rudbeckia laciniata (Shukla et 

al., 1986), Gerbera Jamesonii (Laneri et al., 

1990). Enhancement in multiplication ratio at 

low doses (15 Gy) of Musa species have also 

been reported by Kulkarni et al., (1997). 

Similar trend has also been reported by Mishra 

et al., (2007). Cambecedes et al., (1992) also 

reported the decrease in ability to produce 

shoots on increasing the radiation dose in 

Lonicera species. Jain (1997) reported the 

inhibitory effects of higher doses of gamma 

rays on strawberry cultures. He found that 

most dead number of shoots and < 1 cm long 

was highest in shoot cultures developed from 

15 KR irradiated axillary buds. They also 

reported that the number of roots per shoot 

decreased at higher gamma dosage (10 KR 

and 15 KR). The increased plant vigour 

caused by irradiation could be explained by 

stimulation of biosynthesis of some amino 

acids like Iysine and phenylalanine (Antonov 

et al., 1989); modification of some enzymes 

activity e.g. Polyphenol oxidase, catalases and 

peroxidases which are great in the leaf of 

treated plants (Lage and Esquibel, 1997; 

Ghiorghita et al., 1985; Freidman, 1985, 

Grossman and Craig, 1982) for increase of 

primary biochemical processes, uptake of 

mineral nutrients (Al-Oudat, 1990) and 

photosynthesis (Antonov, 1985). 

 

The per cent root initiation was also 

influenced by gamma irradiation. The data 

recorded on per cent root initiation at 14 days 

interval i.e. after 14, 21 and 28 days after the 

subculture is given in Table 2. Among the 

different gamma irradiation doses, percent 

root initiation after 28 days of sub-culturing 

was 91.06 % in plantlets arising from 10 Gy, 

that is more than control (86.63 %) while 

plantlets arising from 60 Gy showed only 

46.44 % root initiation. The data related to the 

effect of irradiation on the roots parameters 

are presented in Table 3. It was observed that 

average number of roots and root length has 

grown faster as shown in Figure 2. 
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Table.1 Effect of different doses of gamma rays on shoot proliferation per cent, average number 

of shoots and shoot length of strawberry cv. Chandler 

 

Treatment Shooting  

Proliferation (%) 

Average no. of shoot Average shoot length 

(cm) 

0 Gy 82.20(65.10) 6.51 2.22 

10 Gy 91.06(72.81) 8.44 2.77 

30 Gy 86.66(68.98) 7.22 2.55 

50 Gy 55.55(48.17) 5.23 1.66 

60 Gy 46.66(43.17) 4.62 1.44 

CD 7.35 0.40 0.25 

 

Table.2 Effect of different doses of gamma rays on root initiation of strawberry cv. Chandler 

 

 

Table.3 Effect of different doses of gamma rays on the average root number and root length of 

strawberry cv. Chandler 

 

Treatment Average no. of root Average root length (cm) 

0 Gy 5.25 3.32 

10 Gy 5.58 3.62 

30 Gy 3.54 2.47 

50 Gy 2.81 2.14 

60 Gy 1.84 1.96 

CD 0.39 0.36 

 

Table.4 Percent survival of irradiated strawberry plantlets of cv. chandler in glasshouse 

 

Treatment Survival percentage No. of leaves 

0 Gy 86.66(68.98) 4.40 

10 Gy 75.55 (60.90) 5.68 

30 Gy 68.88(56.28) 3.66 

50 Gy 55.55(48.17) 2.84 

60 Gy 46.66(43.05) 2.62 

CD 11.03 0.8 

Treatment   Root initiation per cent (%)  

 14 days 21 days` 28 days Mean 

0 Gy 53.30 64.40 86.63 68.11 

10 Gy 57.76 66.63 91.06 71.82 

30 Gy 51.06 55.53 73.30 59.96 

50 Gy 39.96 53.30 64.40 52.55 

60 Gy 28.83 35.53 46.63 37.00 

Mean 46.18 55.08 72.40  

 CD (0.05)  Treatment : 6.34, Number of Days : 4.91  

Treatment x number of days (Interaction) : N.S.  
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After 4 weeks of incubation 
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After 6 weeks of culturing 

 

  
10 Gy 30 Gy 



Int.J.Curr.Microbiol.App.Sci (2018) 7(3): 1173-1182 

1178 

 

  
50 Gy 60 Gy 

 

Fig.1 Effect of different doses of gamma irradiations on shoot parameters 
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Fig.2 Effect of gamma rays on root characters of strawberry 
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Fig.3 Hardening of rooted plantlets arising from different gamma rays doses 

 

  

10 Gy 30 Gy 

  

50 Gy 60 Gy 

 

Maximum average number of roots (5.58) 

was observed in cultures irradiated with 10 

Gy and the minimum average number of roots 

(1.84) was obtained in case of cultures 

irradiated with 60 Gy. Regarding the root 

length, same results were observed as 

maximum root length (3.62 cm) was obtained 

in case of cultures irradiated with 10 Gy. It 

has been observed that as the dosage of 

gamma rays increased the root parameters 

decreased. Jain (1997) reported the inhibitory 

effects of higher doses of gamma rays on 

strawberry cultures. He found that the number 

of roots per shoot decreased at higher gamma 

dosage (10 KR and 15 KR). 

 

The data as presented in Table 4 revealed that 

the per cent survival of rooted plantlets was 

significantly lower in the irradiated plantlets 

than control. The highest per cent of survival 

(86.66 %) was obtained in plantlets which 

were not subjected to gamma irradiation 

followed by 10 Gy (75.55 %). Whereas, the 

lowest survival per cent was obtained in the 

plantlets irradiated with 60 Gy (46.44 %). The 

response of the irradiation was found to be 

significantly different among different gamma 

irradiation doses. The results regarding the 

number of leaves after 7 weeks of hardening 

were depicted in Figure 3. Maximum number 

of leaves per plantlet differed significantly 

with the dosage of gamma rays (Table 4) the 

data mentioned here revealed that maximum 

number of leaves per plantlet (5.68) were 

observed in case of cultures irradiated with 10 

Gy followed by 30 Gy. It must be emphasised 

here that the young plants are very delicate 

when first taken out of the tubes and must be 

carefully handled (Mullin et al., 1974 and 

Murashige, 1977). Tiwari and Kumar (2011) 

observed higher percentage of survival at 

lower doses and poor survival at higher doses 
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in all the generations of Calendula officinalis. 

Shukla et al., (1986) found the reduction 

survival of plants after exposure to gamma 

rays with the increase of dose in Rudbeckia 

laciniata.  

 

Stimulatory effects of low doses of gamma 

rays on strawberry can be related to 

hypothesis that the low dose irradiation 

induce growth stimulation by changing the 

hormonal signalling network in plant cells or 

increase the anti-oxidative stress capacity of 

the cells to easily overcome the stress factors 

such as fluctuations of light intensity and 

temperatures in the growth condition (Wi et 

al., 2007). In contrast the high dose 

irradiation that caused growth inhibition has 

been ascribed to the cell cycle arrest at G2/ M 

phase during somatic cell division and /or 

various damages in the entire genome 

(Preussa and Britta, 2003).  

 

From the results, it could be concluded that 

low doses of gamma radiation could simply 

be used for better survival and growth in 

strawberry under in vitro conditions. 
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