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Improved micropropagation and salinity tolerance of strawberry (Fragaria 
X ananssa L) cv. Albion
Raghad Abd Alhamza Juameer1, Ayad Assi Obaid2 and Shatha Ayed Yousif2*

Abstract: Gamma-ray has been used to increase genetic variation to obtain salt-tolerant plants in strawberries.The protocol 
was established to multiply strawberry cv. Albion from runner segments cultured on multiplication Murashige and Skoog 
(MS) medium contain 0.5 mg l-1 of 6-benzyl adenine (BA) and 0.1 mg l-1 of Naphthaleneacetic acid (NAA). Cultures were 
irradiated with gamma rays at (0, 20, 50, 100) Gy after 30 days, and the irradiated and unirradiated shoots were exposed 
to different concentrations of Sodium Chloride (NaCl) (6,10,14, 22) dS m-1. The results showed the superiority of doses 20 
and 50 Gy in giving the highest rate of the number of shoots reached (9.25 and 8.44) shoot explant-1. The  treatment 6 dS 
m-1 NaCl with 20 Gy was superior in giving the highest fresh 4.75 g and dry weight 0.36 g. A significant increase of proline 
was observed in the shoots irradiated with a dose of 50 Gy and grown on a medium with 22 mg l-1 of NaCl, as it reached 
34.36 (‎µm‎ proline g-1 fresh weight) compared 6 dS m-1 and unirradiated media and the highest enzyme activity of  (POD) 
was )263.50 units g-1 FW ( when treated with 100 Gy grown on a medium with 22 ds m-1 of salt. While the dose exceeded 
20 Gy without adding salt, as it gave the highest activity of (CAT) enzyme, reaching )4.042 units g-1 FW(. It was observed 
that multiplication was generally restricted, depending on the increase in salt applications and gamma rays.
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Introduction
Strawberry (Fragaria x ananassa) is a hybrid of the 

genus Fragaria, cultivated worldwide for its fruits. It is dis-
tinguished by its red color, juicy texture, aromatic smell and 
sweet taste1,2. Salinity is one of the significant environmen-
tal stresses that affect the biological processes of many 
plants and have different effects on the plant's physiological 
processes, such as an increase in respiration rate, ion toxi-
city and a decrease in the amount of net CO2 assimilation 
rate3. High salinity stimulates ROS (reactive oxygen spe-
cies) and their accumulation in plant cells4. Oxidative stress 
defenses occur through an enzymatic anti-oxidant mecha-
nism that includes catalase (CAT), superoxide dismutase 
(SOD) and peroxidase (POD)5. based on in various studies, 
salinity stimulates the plant to produce free radicals reactive 
oxygen species (ROS)6, the increase in the production of 
free radicals in plants encourages the processes of demoli-
tion. It develops the strategies that cause necrosis and plant 
damage7. In vitro mutagenesis techniques is an alternative 
to induce genetic variation8,9. Genetic variations resulting 
from in vitro mutagenesis are free of regulatory limitations 
and allow the regeneration of genetic variations in a short 
period and at a low cost. The system provides easy mani-
pulation of explants in confined and controlled spaces under 
aseptic conditions10,11. Mutation with cobalt 60 gamma rays 
has a high penetration potential and no risk to the environ-
ment and can be used to irradiate cells, tissues, organs and 
whole plants12,13. The objective of the present work was to 
obtain a salt-tolerant clone in strawberries using an in vitro 
mutation method.

Materials and methods 
The current study was conducted at the Ministry of 

Science and Technology/ Directorate of Agricultural Re-
search, Genetic Engineering Department, in 2021. Fragaria 
x ananassa Duch. cv. Albion was used in this experiment. 
As the seedlings were taken from the Municipality of Ba-
ghdad, the runner was separated from the mother plant in 
the greenhouse and transferred to the laboratory; the top of 
the runner was cut with a length of approximately 1 cm14. 
Then they were cleaned well with liquid soap and washed 
with running water for an hour.( to reduce phenolic subs-
tances); then, the plant parts were kept in flasks containing 
an anti-oxidant solution consisting of a mixture of 150 mg.l-1 
citric acid and 100 mg.l-1 of ascorbic acid 15. Plant parts are 
kept in the refrigerator at a temperature of 4°C for 24 hours 
before planting it and then transferred inside the laminar air 
flow cabinet for surface sterilization. Subjected ethyl alco-
hol (70%) for 1 minute, then treated with mercuric chloride 
HgCl2 (0.1%) for 7 minutes with a few drops of liquid soap 
as a diffuser to reduce its surface tension16. The explants 
were washed 3 times with sterile distilled water for 5 minu-
tes. Micropropagation: runners explant were cultured on MS 
medium17 supplemented with 0.5 mg l-1 of BA and 0.1 mg 
l-1 of NAA. The cultures were incubated in a culture room 
under 16-h light and 8-h dark photoperiod at 23±1°C.Radia-
tion: To study gamma radiation's effect on plants propaga-
ted by tissue culture, the plants were irradiated with different 
doses (0,20,50,100) Gy of gamma ray (source Co60)at the 
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shoots were grown on MS medium containing 0.5 mg l-1 of 
BA and 0.1 mg l-1 NAA and supplemented with sodium chlo-
ride (NaCl) at concentrations of (6, 10, 14, 22) dS m-1.The 
culture was incubated at the same conditions previously 
mentioned above. Thirty days later, shoots numbers, shoot 
length (cm), vegetative fresh and dry weight (g) were recor-
ded, and amino acid proline was estimated according to 18 
as well as the peroxidase activity was evaluated according 
to the method19 with some modifications and the activity of 
catalase enzyme was evaluated according to the method 
of 20 with some changes. The experiment was designed 
as a factorial experiment based on a Completely Randomi-
zed Design (CRD). The factors included gamma irradiation 
and salt levels with 4 replications for each treatment. DATA 
analyzed by the Genstat program and means were separa-
ted at 5% probability using Duncan's test.

Results and discussion

Effect of salinity levels and radiation dose

Average shoots number
The results in Table 1, figure 1 showed the superiority 

of the concentration 6 dS m-1 and 10 dS m-1 in giving the hi-
ghest average number of shoots, reaching 8.688 and 9.000 
shoots, respectively, and no significant differences were 
found between both treatments. As for the effect of gamma 
irradiation on the number of projections, the results showed 

that 20 Gy significantly affected the highest average num-
ber of nodes, reaching 9.875 shoots. For the Interaction 
between gamma radiation and NaCl, results in Table 1 and 
Figure 1 revealed that the highest number of shoots came 
at 13.75 shoots at 20 Gy in media stressed with 10 dS m-1 

NaCl. In contrast, the lowest shoots number 1.250 shoots in 
100 Gy interaction with 22 dS m-1 NaCl.

Average length of shoots
Table (2) results for shoot length indicated that 6 dS 

m-1 gave the highest average shoot length, reaching 2.311 
cm compared to other NaCl treatments. Moreover, (0, 20) 
Gy were superior in providing the highest average of shoot 
length (2.053, 1.933) cm, respectively, and no significant 
differences were found between both treatments. For the 
Interaction between different radiation doses and saline 
concentrations, the results showed that 6 dS m-1 gave the 
highest average shoots length, reaching 3.510 cm, which 
was significantly superior as compared to the other salts 
treatments, while 22 dS m-1 of NaCl with 100 Gy gave the 
lowest length of shoots reached 0.150 cm. The effect of 
salts on inhibiting plant growth is due to the increased con-
centration of salts with many physiological and biochemical 
processes, causing problems in ionic imbalance, lack of nu-
trient absorption, osmotic stress, ion toxicity and oxidative 
stress. These processes interfere with cellular components, 
including DNA, proteins, lipids, and pigments, and thus 
affect the overall operations of growth and development21.

As for the effect of radiation levels on the studied traits, 
the increase in the number of shoots at a dose of 20 Gy 
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Table 1. Effect of gamma rays and salinity on shoots number of strawberry cv. Albion after four weeks from cultured on 
MS medium.

Figure 1. Effect of gamma irradiation and salt stress, 8 weeks after the treatment on in vitro strawberry shoot cv. Albion. 
‎A-6 dS m-1 .B- 20 Gy and 10 dS m-1  NaCl. C- 50 Gy and 10 dS m-1  NaCl D- 100 Gy and 10 dS m-1.
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could be associated with a hormetic result. According to 22 
the hormetic effect is characterized by beneficial or stimula-
tion of development at low doses; and toxicity and inhibition 
at high doses. According to 23, In this study, doses higher 
than 100 Gy caused a reduction in the number of shoots per 
explant and shoot length. The reduced development and 
increased mortality rate at high doses could be associated 
with prolonged exposure to 60Co. The high dosage of gam-
ma-ray causes the production and accumulation of ROS, 
which are toxic to plant tissues24,25.

Average of fresh weight (g)
The results shown in Table (3) revealed that 6 dS m-1 

gave the highest average of fresh weight, reaching (2.36 g), 
which was significantly superior as compared to the other 
salts treatments, while 22 dS m-1 of NaCl gave the lowest 
fresh weight got 0.37 g. Regarding the gamma effect, the 
dose 20 Gy showed the highest new importance, reaching 
2.82 g, which differed significantly from the other doses, and 
100 Gy gave the lowest fresh weight of 0.74 g. Concerning 
the Interaction between salt levels and gamma doses, 20 
Gy with 6 dS m-1 NaCl treatment showed the highest fresh 
weight, reaching 4.75 g compared to the lowest new weight 
of 0.12 g in 22 dS m-1 of NaCl with 100 Gy treatment.

Average of dry weight (g)
The result shown in table (4) revealed 6 dS m-1 NaCl 

gave the highest dry weight average, reaching 0.21 g, which 
was significantly superior to the other salts treatments, whi-
le 22 dS m-1 of NaCl gave the lowest dry weight, going 0.04 
g. Regarding the gamma effect, the dose 20 Gy gave the hi-
ghest dry weight, getting 0.19 g, which differed significantly 
from the other doses, and 50 and 100 Gy gave the lowest 
dry weight ( 0.08, 0.07)g respectively, and no significant di-
fferences were found between both treatment Concerning 
to the Interaction between salt levels and gamma doses, 20 
Gy with 6 dS m-1 gave the highest dry weight reached 0.36 g 
compared to lowest dry weight 0.02 g in media supplemen-
ted with 22 dS m-1 of NaCl interaction with 100 Gy.

It is noted from the results that salinity caused a decrea-
se in the fresh and dry weight of the shoots may be due to 
an increase in salt levels resulting in a reduction of the sto-
rage of carbohydrates26, which consequently decreases the 
growth. As for the inhibitory effect of irradiation, whether as 
a single factor or its Interaction with salt levels, it has been 
indicated by several studies27. In another study, it was found 
that the culture media containing l.0 mg l-1 Kin + 1.0 mg l-1 
2,4-D gave the highest average fresh weight was 1.0.2 28.

Improved micropropagation and salinity tolerance of strawberry (Fragaria X ananssa L) cv. Albion

Table 2. Effect of gamma rays and salinity on strawberry cv shoots length (cm). Albion after 4 weeks from cultured on MS 
medium.

Table 3. Effect of gamma rays and salinity on shoots fresh weight of strawberry cv. Albion after 4 weeks from cultured on 
MS medium.
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Proline content in shoots
Data in table (5) clarified that 22 dS m-1 positively 

affected the highest accumulation of amino acid proline, 
reaching 21.18 µm. g-1 FW, compared to other treatments. 
As for gamma effects, data in the same table revealed 50 
Gy gave the highest proline accumulation, reaching 18.02 
µm. g-1 FW. Interaction between irradiation and salt levels 
showed a significant increase of proline came 34.36 µm. g-1 
FW at the dose 50 Gy in the presence 22 dS m-1 of NaCl.

The proline content in leaves generally increases with 
the salinity level; proline has essential functions in regula-
ting and reducing the undesirable effect of reactive oxygen 
species (ROS)under saline stress. Therefore, high proline 
accumulation in plants can induce high tolerance under sali-
ne conditions29,30. This may be due to the osmotic regulation 
at different salinity levels. Several studies have suggested 
that the production of these osmotic alterations may be a 
common occurrence in response plants to salinity condi-
tions. The role of proline is to increase the adaptation and 
survival of plants31,32. The results of the study showed an 
increase in the content of proline in irradiated plants; these 
results are consistent with what was found by 33, who con-
cluded that different doses of gamma rays had other effects 
on plant biochemical properties such as increasing proline, 

chlorophyll content and stimulating germination and growth. 
This technique can be used to produce mutant plants that 
have the capability of withstanding environmental stresses, 
it was also found that spraying proline at a concentration of 
200 ppm and interfering with irrigation water salinity 2 dS/ m 
gave the highest total chlorophyll34.

Activity of peroxidase
The results in table (6) revealed the superiority of the 

concentration of 22 dS m-1 NaCl in giving the highest activity 
of POD enzyme reached 255.6 units g-1 FW, compared to 
the other salt treatments. Regarding the gamma effect, the 
dose 100 Gy gave the most increased activities of POD rea-
ching 85.79 units g-1 FW, and the control treatment (0 Gy) 
gave the lowest activities of POD, running 78.81 units g-1 

FW. Interaction between irradiation and salt levels showed 
a significant increase of activities of POD got 263.50 units 
g-1 FW compared to the lowest activities of POD 2.92 units 
g-1 FW in 10 dS m-1 of NaCl with 20 Gy.

Activity of catalase
The results in a table (7) revealed that 6 dS m-1 of NaCl 

gave the highest average of activities of CAT reaching 
3.222 units g-1 FW, which was significantly superior as com-

Table 4. Effect of gamma rays and salinity on shoots dry weight (g) of strawberry cv. Albion after 4 weeks from cultured 
on MS medium.

Table 5. Effect of gamma rays and salinity on proline content(µm. g-1 FW) in strawberry CV. Albion after 4 weeks from 
cultured on MS medium..
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pared to the other salts treatments, while 22 dS m-1 of NaCl 
gave the lowest activities of CAT reached 1.015 units g-1 
FW. At the same time, the effect of irradiation was superior 
to the treatment 20 Gy, which gave 2.16 units g-1 FW, which 
was significantly superior compared to the other treatments. 
Concerning the Interaction between irradiation and salinity 
levels, the dose 20 Gy with 6 dS m-1 of NaCl gave the hi-
ghest activity CAT reaching 4.042 units g-1 FW. In contrast, 
the dose 20 Gy with 22 dS m-1 NaCl delivered the lowest 
activities reaching 0.647 units g-1 FW. The increase in the 
activity of the peroxidase enzyme POD with an increase in 
salinity level may be due to the increase in anti-oxidants due 
to iron deficiency, as well as the disruption of the electron 
transport chain in chloroplast35 due to the increase in so-
dium or chloride ions, which increases the effectiveness of 
some enzymes, including POD36. While the results of table 
(7) showed that salinity caused a decrease in the activity of 
the CAT enzyme by increasing the salt levels, it may be due 
to the highly dynamic system of anti-oxidants, where the 
enzyme activity varies in different species and also depends 
on the intensity or duration of the stress. The activity of the 
CAT enzyme was inhibited under exposure to salt stress for 
a long time, which leads to the inhibition of the primary pro-
duct of stress for the expression of the corresponding gene, 

which is consistent with what (37) found. Still, a decrease 
in the activity of CAT enzyme may occur due to exposure 
to less time to stress, as shown in other experiments38. The 
mechanism of the effect of gamma rays lies in its stimula-
tion of many genetic changes39, phenotypic and biochemi-
cal changes40 and physiological changes in plant cells and 
tisues41. 

Conclusions
Gamma radiation 20, 50 and 100Gy were chosen to 

induce variations in vitro. The result proved that 20 Gy had 
a good efficiency for strawberry improvement, giving the hi-
ghest shoots number, fresh and dry weight and activity of 
peroxidase and catalase. The increased salinity increased 
proline and peroxidase activity.
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