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ABSTRACT 
 

In vitro screening for salinity tolerance of strawberry cultivar Fortuna was implemented 
through using calli. In vitro leaflets were employed as explant in calli initiation. Optimum media 
compositions of calli induction and differentiation were determined. The percentage of callus induction 
from leaflets (CIL%), callus formation percentage (CF%) and calli weight were improved when MS 
medium included 1.0mg/l Kin and 1.5mg/l NAA (90%, 80% and 2.53mg, respectively). The percentage 
of calli differentiation was 60% when MS medium instituted with 0.3mg/l BAP. In vitro screening of 
salt tolerance was carried out on calli by exposure it to different NaCl concentrations (0.0, 10, 20, 40, 
80 and 100mM) and record the ability of calli to maintain vital. Survival percentage were 30 and 38% 
for 100 and 80mM NaCl, respectively after six weeks. The vital calli is possibly salt tolerance. So, these 
vital calli were cultured on the previous examined differentiation medium (MS medium supplemented 
with 0.3mg/l BAP) and the differentiated shoots were micropropagated and transplanted in the 
greenhouse and be followed until yield. 
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Introduction 
 

Strawberry planted in Egypt (Fragaria x ananassa) resulted from a spontaneous hybridaization 
between Fragaria chiloensis L. P. Mill. and Fragaria virginiana Duch. Strawberry considered 
moderately to high sensitive for salinity, its level varied according to variety (D’Anna et al., 2003 and 
Al-Shorafa et al., 2014). In vitro salinity tolerance screening is a method for plant improvement, which 
included in plant breeding programs to save time to achieve lines tolerant/resist salinity (Taji et al., 
2002 and Biswas et al., 2007), allocate screening of large amount of plant materials under sterilized 
controlled condition, and save low cost in abbreviated time (Shokaeva et al., 2011). Salinity screening 
in vitro may carry out at the level of shoots which face the fact of ununiformly of all cells of shoot 
which means that not all cells are tolerant/resistant salinity, so, in vitro screening via calli considered 
more adequate for achieving line with clear evident of tolerant/resist salinity. Several studies on in vitro 
screening (salinity tolerance/resistance) were done in several plants. Plant materials were exposed to 
different concentrations of NaCl ranged from 30 to 200mM (Erturk et al., 2007, Cha-um and 
Kirdmanee, 2010, Bahmani et al., 2012, Akbas et al., 2014, MiYoung et al., 2016 and Sota et al., 2017) 
and they reported that 200mM NaCl lead to death for plant cells. 

Callus is the preferable plant material for salinity screening, so, factors affecting callus induction 
progressive and differentiation should be determined. Calli induction depends on several factors like 
genotype, physiological status of mother plant, explant type, media composition especially growth 
regulators, anyway the balance between auxin and cytokine plays a vital role in callus initiation and 
differentiation (Emara et al., 2017). In the previous studies, auxin like NAA, 2, 4-D and IAA individual 
or in combined with cytokinin like BAP or Kin induced callus from various explant types. The highest 
callus percentage yielded from MS medium substituted with 4.0 mg/l NAA+1.5 mg/l IBA. While, the 
maximum callus fresh and dry weights were recorded on MS medium fortified with 1.0 mg/l of both 2, 
4-D and Kin (Biswas et al., 2010). The most effective combination for inducing callus was 2.0mg/l 
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NAA with 0.5 mg/l BAP (Karim et al., 2015). Cut surface of explants expanded and swelled and 
greenish compact, soft crystal calli could be initiated on injured surface after about three to four weeks 
cultured on MS medium instituted with 1.0 mg/l 2, 4-D and 0.1 mg/l BAP (Palei et al., 2017). The 
highest percentage of callus was observed on MS medium contained 4.0 mg/l NAA and 2.0 BAP 
(Anuradha et al., 2017). Also, balance between auxin and cytokinin enhance calli differentiation. Shoot 
regeneration was increased when MS fortified with 2.25 mg/l BAP in combination with the 0.18mg/l 
NAA or 1.0 mg/l IBA (Khan et al., 2004). The rate of callus regeneration was also influenced by type 
of explant and concentration of BAP, the highest shoot regeneration rate was observed in leaf-derived 
callus on media having 3.0 mg/l BAP (Biswas et al., 2010). The best media combination for shoot 
regeneration from the calli was MS medium containing 1.5 mg/l BAP+0.75 mg/l NAA+0.5 mg/l Kin 
(Karim et al., 2015). Shoot primordial in green colour developed on the calli surface which grown on 
MS medium containing BAP and NAA (Palei et al., 2017). The highest regeneration response was 
observed from MS medium fortified with 2.0 mg/l kin and 0.5 mg/l IAA (Anuradha et al., 2017). 

This investigation aimed to in vitro salinity tolerance screening via calli of strawberry cultivar 
Fortuna, optimization of calli induction and differentiation, micropropagation of the produced line (s) 
and release it to ex vitro. 
 
Materials and Methods 
 
Plant materials:  

To establish in vitro culture, explants were obtained from mature plants which grown in Ali 
Mubarak experimental farm, El Bostan, Behera Governorate, Egypt.  In vitro propagation of strawberry 
cultivar Fortuna (data was not presented) was implemented in tissue culture center, Plant Biotechnology 
Department, Genetic Engineering and Biotechnology Research Institute (GEBRI), University of Sadat 
City (USC), Sadat City, Egypt. In vitro leaflets were used as explants for callus induction. 

  
Media composition and incubation condition: 

All experiments were cultured on medium described by Murashige and Skoog, 1962 (MS) 
supplemented with 3% sucrose and 0.7% agar and growth regulators. MS medium distributed in jars 
(350 ml), 50ml medium for each. MS medium was sterilized in autoclave under 121ºC and 1.15 
par/inch2 for 20 min. During callus induction, cultures were incubated in total darkness, while, callus 
differentiation and multiplication needed to incubate in 2000lux as light intensity for 16 hours light and 
8 dark. Rooting stage demand increasing light intensity to 3000Lux. All cultures during starting and 
multiplication stages were incubated at a temperature of 25±2°C. 

 
Callus formation:  

In vitro leaflets were cultured on MS medium supplemented with 30 g/l sucrose and 7g/l agar 
and different concentrations of Kin (0.0, 1.0, 2.0 and 4.0 mg/l) combined with different concentrations 
of either NAA or 2,4-D (0.0, 0.5, 1.0 and 1.5 mg/l). Each treatment contained 10 replicates (10 jars) 
and each replicate contained one explant. Data were observed after 60days and taken as number of 
leaflets which induced callus, and visually record percent of leaflets induced callus (CIL %), callus 
formation as percent of leaflets (CF%) (degree of callus formation) and callus weight (g). 

 
Callus differentiation:  

Calli; origin from in vitro leaflets cultured on MS medium supplemented with 1.0 mg/l Kin and 
0.5 mg/l NAA, were used in differentiation experiment. For callus differentiation, calli were cultured 
on MS medium supplemented with different concentration of BAP (0.0, 0.1, 0.3, 0.6, 0.9 and 1.2mg/l). 
Each treatment contained 10 replicates (10 jars) and each replicate contained one explants. After one 
month, calli responses were observed and recorded. 
 
Salinity stress tolerance screening:  

Screening based on exposed calli to different concentrations of salt to examine its ability for 
tolerance of salt stress. Anyway, calli; origin from in vitro leaflets cultured on MS medium 
supplemented with 1.0 mg/l Kin and 0.5 mg/l NAA, were used for salinity stress tolerance screening. 
Calli were cultured on selective media which consisted of MS medium supplemented with different 
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concentrations of NaCl (0.0, 10, 20, 40, 80 and 100 mM). Each treatment contained 10 replicates (10 
jars) and each replicate contained one explant. After four and six weeks, survival percentage (%) of 
calli, which exposed to various concentrations of NaCl, was recorded. The vital calli; which tolerant 
salinity, were transferred to the previous examined differentiation medium. The differentiated shoots 
were micropropagated on the previous examined direct-micropropagation protocol (data do not 
present). For multiplication, the differentiated shoots were cultured on MS medium supplemented with 
0.50 mg/l BAP in combination with 0.20 mg/l Kin to propagate them and produced salinity tolerance 
line. The produced lines were rooted on the examined MS medium which supplemented with 1.5 mg/l 
IAA and 3000 lux as light intensity. Plantlets were acclimatized in greenhouse where they were 
transplanted in pots contained sand: peatmoss: vermiculite (1:1:1v/v) as culture medium and covered 
with polyethylene bags which gradually removed. Produced lines were cultured in greenhouse and were 
followed until yield. 

 
Statistical analysis:  

Data were statically analyzed by one or two factorial complete randomized design using SAS 
Institute package (2002). LSD test at 5% were used to compare the differences among the treatments 
according to Steel and Torrie (1980). M-state free computer program was used for analysis. 
 
Results 
 
Effect of balance among Kin and either NAA or 2, 4-D on callus induction percent (CIL%) from 
in vitro leaflets 
 

Effect of different concentrations of Kin (0.0, 1.0, 2.0 and 4.0 mg/l Kin) individual or in 
combination with different concentrations of NAA or 2, 4-D (0.0, 0.5, 1.0 and 1.5 mg/l) on callus 
induction was expressed as percentage of callus induction from leaflets (CIL%). Data in Table 1 
indicated that basal medium did not induce callus. Individual concentrations of Kin affected callus 
induction, the best results of callus induction (75.3%CIL) resulted from the concentration 4.0mg/l Kin. 
Regarding the effect of auxins concentrations, the highest callus induction percentage was obtained 
from MS supplemented with 1.50mg/l NAA (92.5% CIL) or MS with 0.50 or 1.00mg/l 2,4-D (67.5 
%CIL, for each). As for interaction between Kin and the different concentrations of either NAA or 2,4-
D, obtained results cleared that the highest percentage of callus induction (100%)was gained by the 
treatments2.0mg/l Kin in combination with 1.5mg/l NAA or 4.0mg/l Kin with 0.5 or 1.0mg/l NAA. In 
this respect, supplemented MS medium with 1.0mg/l Kin with 0.5mg/l 2,4-D also resulted in 
maximization of CIL%. 

  
Table 1:  Effect of balance among Kin and either NAA or 2, 4-D on callus induction percent (CIL%) 

from in vitro leaflets 

Callus induction percentage (CIL%) 

Kin. 
(mg/l) 

NAA (mg/l) 2, 4-D (mg/l)  

0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean 

0.0 0.0 100.0 100.0 80.0 70.3 0.0 100.0 60.0 80.0 60.3 

1.0 0.0 80.0 60.0 90.0 57.7 0.0 100.0 70.0 60.0  57.8 

2.0 0.0 70.0 90.0 100.0 65.3 0.0  30.0 50.0  20.0  25.3 

4.0 0.0 100.0  100.0 100.0 75.3 0.0 40.0 80.0 40.0 40.3 

Mean 0.0 87.5   87.5 92.5  0.0  67.5  67.5 50.0  

LSD at 
5% 

A 

0.37 

B 

0.37 

AXB 

0.74 
  

A 

0.36 

B 

0.36 

AXB 

0.72 
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Effect of balance among Kin and either NAA or 2, 4-D on callus formation percentage (CF%) 
from in-vitro leaflets 
 

Percentage of leaf area which formed callus was expressed as callus formation percentage 
(CF %). Results in Table 2 shows the significant effect of Kin and the two auxins used (NAA and 2,4-
D) on CF%. Concerning Kin concentrations, data indicated that balanced among Kin and either NAA 
or 2,4-D gave the highest callus formation percentages (CF%) when MS supplemented with low 
concentrations of kin. Regarding the auxins, the highest callus formation percentage was obtained from 
MS+1.5mg/l NAA (57.50%), or by MS+0.5mg/l 2,4-D (47.50%). Interaction between Kin and NAA or 
2,4-D concentrations cleared the highest CF% when MS supplemented with 1.0mg/l Kin +1.5mg/l NAA 
or 0.5mg/l 2, 4-D (80.00 or 70.00%, respectively (Fig.1). 
 

 
Fig. 1: Callus induction as affecting by 1mg/l Kin+1.5mg/l NAA and differentiation as affecting by 

0.3mg/l BAP 

 

Table 2:  Effect of balance among Kin and either NAA) or 2, 4-D on callus formation percentage (CF%) 
from in-vitro leaflets 

Callus formation percentage(CF%)   

Kin 
(mg/l) 

NAA (mg/l) 2,4-D (mg/l)  

0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean 

0.0 0.00 60.00 60.00 60.00  45.03  0.00  60.00  50.00 40.00  37.53 

1.0 0.00  50.00  46.67  80.00  44.19  0.00 70.00  60.00 60.00  47.53 

2.0 0.00 76.67  50.00 40.00  41.69 0.00 30.00  36.67 36.67 25.86 

4.0 0.00 40.00  40.00  50.00 32.53  0.00  30.00  40.00  33.33 25.86 

Mean 0.00 56.67  49.17  57.50   0.00 47.50  46.67 42.50  

LSD 5% 
A 

3.72 

B 

3.72 

AXB 

7.45 
  

A 

3.74 

B 

3.74 

AXB 

7.48 
  

 
Effect of balance among kin and either NAA or 2, 4-D on induced calli weight (g) from in-vitro 
leaves 
 

Induced calli weights were recorded after 60days of planted in-vitro leaflets on callus induction 
media, to determine the effect of balance among different concentrations used of Kinetin and either 
Naphthalene acetic acid or Dichlorophenoxyacetic acid (Table, 3). Added Kinetin concentrations to the 
medium individually affected calli weight; results indicated that the highest callus weight was obtained 
from 2.00mg/l Kin (1.75 g). Also, auxins concentrations cleared various responses, the highest callus 
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weight was obtained from MS+1.50mg/l NAA or 0.5mg/l 2, 4-D (2.11 or 1.34 g, respectively). 
Interaction between Kin and NAA or 2, 4-D concentrations significantly increased weight of callus 
when MS supplemented with 2.00 mg/l Kin+( 0.5 or 1.5mg/l NAA), 1.0mg/l Kin+1.5mg/l NAA or 
0.5mg/l 2, 4-D without Kin (2.90, 2.73, 2.53 or 2.07 g, respectively). 
 
Table 3:  Effect of balance among kin and either NAA or 2, 4-D on calli weight (g) from in-vitro leaflets 

Inducted callus weight (g) 

Kin. 
(mg/l) 

NAA (mg/l) 2, 4-D (mg/l)  

0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean 

0.0 0.00 1.33 1.67 1.33 1.12  0.00  2.07 1.17 1.23 1.14  

1.0 0.00 1.23 1.27 2.53 1.28  0.00  1.47  1.27 1.40  1.06 

2.0 0.00 2.90 1.27 2.73 1.75  0.00 0.83  1.33  1.40 0.92  

4.0 0.00 1.17 1.47 1.83 1.14  0.00 1.00  1.37  0.97 0.86 

Mean 0.00  1.67 1.42 2.11  0.00 1.34 1.28  1.25   

LSD 5% 
A 

0.26 

B 

0.26 

AXB 

0.52 

  A 

0.18 

B 

0.18 

AXB 

0.36 

  

 

Effect of BAP concentrations on calli differentiation.  
 

MS medium included different concentrations of BAP (0.0, 0.1, 0.3, 0.6, 0.9 or 1.2mg/l) were 
examined to differentiate strawberry calli. Data indicated that the highest calli differentiation (60 %) 
(Fig. 2). was obtained from BAP at concentration 0.3 mg/l after 45days, while no differentiation was 
observed on other BAP concentrations.  

 

 
Fig. 2: Callus differentiation of strawberry cultivar Fortuna as affecting by 0.3mg/l BAP 

 
In vitro salinity stress tolerance screening of calli:  

In vitro screening of salt stress tolerance was implemented to obtain new line (s) of 
strawberry tolerant NaCl. Calli origin from in vitro leaflets were cultured on MS  medium supplemented 
with 1.0 mg/l Kin, 0.5 mg/l NAA and different concentrations of NaCl (0.0, 10, 20, 40, 80 and 100mM). 
After four weeks, survival calli were recorded, where it reached to 40% on 100mM NaCl/l and 48% for 
80mM NaCl. After six weeks, the survival percent was decreased to 30 and 38% for 100 and 80mM 
NaCl, respectively (Fig. 3 and 5). The vital calli is possibly salt tolerance.  
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Fig. 3: In vitro salinity screening of strawberry calli of Fortuna cultivar after six weeks at 80mM 

NaCl 

 
Fig. 4:  A development of differentiated salinity tolerance lines through: 
A and B: salinity tolerance callus differentiation, C and D: micropropagation of salinity tolerance lines and E: 
follow of salinity tolerance lines in greenhouse 
 

 
Fig. 5: In vitro salinity stress screening of strawberry calli of Fortuna cultivar after four and six weeks  
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So, these vital calli were cultured on examined differentiation medium (MS medium supplemented with 
0.3mg/l BAP) and the differentiated shoots were micropropagated and transplanted in the greenhouse 
using the recommended micropropagation procedure (data not presented) (Fig. 4) and be followed until 
yield. A scheme explain procedure for cell to plant salt tolerance breeding program is presented in Fig. 
6.  
 

Fig. 6: Cell to plant salt tolerance breeding program of strawberry 
 
Discussion 
 

For in vitro screening of salt tolerance of strawberry cultivar Fortuna, optimum media 
compositions of calli induction and differentiation were determined. The percentage of callus induction 
from leaflets (CIL%), callus formation percentage (CF%) and calli weight were improved when MS 
medium supplemented with 1.0mg/l Kin and 1.5mg/l NAA (90%, 80% and 2.53mg, respectively). It is 
important to refer that CIL% reached 100% but with low CF%, so, the optimum treatment was 
determined as which gave high percentage of both CIL and CF. Calli differentiation was 60% on MS 
medium supplemented with 0.3mg/l BAP, while no response was observed on other BAP 
concentrations. Results supported with the data recorded by Khan and Spoor, 2004, Biswas et al., 2007, 
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Biswas et al., 2010, Karim, et al, 2015, Anuradha et al., 2017, Emara et al., 2017 and Palei etal., 2017 
whom insure the role of auxin and cytokinin in callus initiation and differentiation. In vitro screening 
of salt tolerance was carried out on calli by exposure it to different NaCl concentrations and record the 
ability of calli to maintain vital, survival percentage were 30 and 38% for 100 and 80mM NaCl, 
respectively after six weeks. The vital calli possibly salt tolerance. So, these vital calli were cultured on 
examined differentiation medium (MS medium supplemented with 0.3mg/l BAP) and micropropagated. 
Results of salt screening agree with Josine et al., 2011, Bahmani et al., 2012, Wei et al, 2016 and Sota 
et al. 2017 who examined the salt stress effects on different plant varieties and use the NaCl in 
concentrations ranged between 50 to 200 mM and reported that 200mM cause plant cell death and the 
examined concentration of NaCl for salt tolerant screening in their studies was 100mM.  
 
Conclusion 
 

In vitro screening via calli is an adequate method for achievement plant line (s) tolerant salinity, 
which allocate screening of large amount of plant materials under sterilized controlled condition and 
save low cost with abbreviated time. Callus induction and differentiation was optimized, the percentage 
of callus induction from leaflets (CIL%), callus formation percentage (CF%) and calli weight were 
improved when MS medium supplemented with 1.0mg/l Kin and 1.5mg/l NAA. 

Screening depends on the ability of calli to maintain vital on various concentrations of NaCl 
(selective medium). Survival percentage were 30 and 38% for 100 and 80mM NaCl, respectively after 
six weeks. Vital calli possibly salt tolerance. So, these vital calli were cultured on examined 
differentiation medium (MS medium supplemented with 0.3mg/l BAP) and the differentiated shoots 
were micropropagated and transplanted in the greenhouse and be followed until yield. 
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