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Abstract 

 

The experiment was conducted with the objectives of in vitro screening of three Brassica varieties 

(Tori-7, BARI Sarisha-14, and Sampad) for salinity tolerance at germination, callus initiation, and 

shoot regeneration. Seeds of these three varieties were germinated in Murashige and Skoog (MS) 

medium containing four different concentrations of NaCl (50 mM, 100 mM, 150 mM, and 200 mM) 

and the control treatment (0 mM NaCl). The leaf explants were cultured on callus-induction medium 

supplemented with 3 mg/L of 2,4-D and with the same concentrations of NaCl. Calli were inoculated 

on MS medium containing 1.0 mg/L of 6-Benzylaminopurine (BAP), and 0.5 mg/L of Naphthalene 

acetic acid (NAA) with the same concentrations of NaCl. Seed germination in all three varieties 

significantly reduced with increased levels of NaCl. The change of the germination rate between 0 mM 

and 200 mM NaCl was 63.60%, 57.80%, 66.33% for Tori-7, BARI Sarisha-14, and Sampad 

respectively. In the higher salinity levels, callus initiation decreased significantly in Tori-7, and around 

three-fold higher calli were observed in control treatments (88%) compared to 200 mM NaCl (33%). 

All the considered parameters showed better performance in control and performances decreased with 

the increase of salinity level. The varieties exhibited significant variation in respect to germination 

percentage and callus induction in different salinity levels to some extent. 
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1. Introduction 

 

Salinity stress is one of the major threats to 

agricultural productivity, affecting 20% of the 

total cultivated and 33% of irrigated agricultural 

land worldwide (Qadir et al. 2014; Shrivastava 

and Kumar, 2015). During the last decades, apart 

from the natural salinity, the salinization of soils 

due to intensive agriculture and irrigation has 

also become a significant problem in agriculture 

(Shrivastava and Kumar, 2015). Soil salinization 

can influence plant growth and development via 

two main mechanisms (i) via inducing osmotic 

potential in the soil solution which restricted 

water uptake by roots and (ii) via the toxic effect 

of salt ions, mostly Na+, K+, and Cl-, which 

accumulate in the cell membranes. A low level 

of salinity causes osmotic imbalance whereas the 

ionic effect occurs due to long-term and high-

level exposure of salinity (Munns and James, 

2003; Munns and Tester, 2008). 

 

In Bangladesh, 30% of cultivable land areas are 

in coastal regions, and in the last four decades, 

the total saline area has increased from 0.83 

million ha to about 1.06 million ha (SRDI, 

2010). Salinity controlled crop production 

severely, and the competence of a plant to 
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complete its life cycle in salt conditions is highly 

dependent on species and growth stages (Zeng et 

al., 2002; Akbari et al., 2007). 

 

Brassica, one of the major oilseed crops, belongs 

to the family Brassicaceae, which comprises 

some 100 species, including rapeseed (Brassica 

napus L.), mustard (Brassica juncea L.), cabbage 

(Brassica oleracea L.), and turnip rape (Brassica 

rapa L.) that are mainly grown for oil, 

condiments, vegetables or fodder (Ashraf and 

McNeilly, 2004). In Bangladesh, rapeseed, and 

mustard are commonly known as ‘Mustard’ 

which is one of the major oilseed crops, 

primarily grown in Rabi season. It covers 80% of 

the total oilseed cropped areas and conducts 60% 

of the oilseed crop (Miah et al., 2015). It has 

been anticipated that if the population growth 

rate rises with the increasing rate of 1.32%, the 

dwellers' number will touch the milestone of 170 

million by 2021 (BBS, 2017). It is estimated that 

edible oil's domestic production is 0.2 million 

MT per year, which is 21% of total demand and 

the country has to import the rest to fulfill the 

local demand (BBS, 2017). In recent years, there 

have been declining trends in acreage; as a 

result, the production of oil crops is also 

decreasing (Rowshanara et al., 2018). 

Environmental stresses such as the frequency of 

extreme high and low-temperature events, 

changes in sea levels drive salinity in the coastal 

regions, cold and elevated CO2 affect plant 

growth and development which cause significant 

loss of crop yield and quality (Patterson et al., 

2013).  

 

The development of saline tolerant plants has 

immense importance for increasing the 

productivity of crops. Variation in salt tolerance 

can exist among plant species and varieties even 

in a single species. Tissue culture-based in vitro 

screening method has been used as a simple and 

cost-effective technique for selecting stress-

tolerant plants. Plants tolerant to the salt stress 

can be screened under controlled laboratory 

conditions by applying the stress-causing agent 

such as NaCl in the plant tissue culture medium 

for the culture of explants. The present study was 

conducted to determine the effect of salt stress 

created by NaCl on seed germination, callus 

initiation, and shoot induction of three Brassica 

varieties such as Tori-7, BARI Sarisha-14, and 

Sampad. The aim was to screen varieties to 

select a salt-tolerant varieties for further 

experiments. 

 

2. Materials and Methods 

 

2.1 Plant material and experimental site 

Salinity tolerance has been observed in 3 

varieties of Mustard (Brassica rapa L.) namely 

Tori-7, BARI Sarisha-14, and Sampad in 

different growth stages (Germination, callus 

Initiation, and shoot regeneration) in vitro. Each 

treatment was replicated 3 times in each growth 

stage. For this experiment, mature and uniform 

seeds are collected from the Bangladesh 

Agricultural Development Corporation (BADC), 

Islampur, Sylhet, Bangladesh. The study was 

carried out in the Plant Genetic Engineering 

Laboratory, Department of Genetic Engineering 

and Biotechnology, Shahjalal University of 

Science and Technology (SUST), Sylhet, 

Bangladesh. 

 

2.2 Seed germination 

Seeds were surface sterilized in 70% ethanol for 

one minute, followed by immersion in a solution 

of 1% sodium hypochlorite containing 0.1% 

Tween-20 for 15 min. Seeds were rinsed in 

sterile distilled water three times and then air-

dried on sterile filter paper under the laminar 

flow cabinet. Half-strength MS medium 

(Murashige and Skoog, 1962) was prepared by 

mixing 2.2 g/L MS powder (Sigma-Aldrich), 30 

g/L sucrose, and 7 g/L agar (pH = 5.8-6.0) and 

used for the germination of the seeds without any 

growth hormone. To screen the varieties for salt 

tolerance at the germination stage, MS medium 

containing four different concentrations of NaCl 

(50 mM, 100 mM, 150 mM, and 200 mM) were 

used to grow the seeds. Treatments without any 

NaCl incorporation were mentioned as control. 

After autoclaving, the media was transferred into 

Petri dishes. 
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For the germination test, 50 seeds were 

inoculated in each Petri dish and incubated in a 

growth room at 23 ± 1°C for 16 hours of light 

(200 μmol m
-2

s
-1

). Seed germination was 

evaluated daily, and those seeds in which the 

radicle had emerged through the seed coat were 

considered to have germinated. The percent 

frequency of germination rate was calculated as 

the number of seeds germinated/total number of 

seeds inoculated, multiplied by 100. The 

germination percentage was recorded after 14 

days. 

 

2.3 Callus induction 

Fourteen days old cotyledons were cut from 

normal sprouts of Brassica sp. seeds and 

inoculated horizontally in callus induction media 

consisting of MS medium supplemented with 3 

mg/L of 2,4-D and with with four (50 mM, 100 

mM, 150 mM, and 200 mM) concentrations of 

NaCl. Treatments without any NaCl 

incorporation were mentioned as control. The pH 

of the media was adjusted to 5.8 ± 2 before 

autoclaving. In each tube, a cotyledonary leaf 

was used for callus induction, and the culture 

was maintained in a culture room under the 

conditions described above. Each variety was 

replicated three times (10 test tubes/replication). 

After two weeks callus induction frequency for 

three varieties was recorded. All the calli 

originated from a single leaf was considered as 

one. The percent frequency of callus induction 

was calculated according to the following 

formula: the number of explants produced 

calli/total number of explants cultured, 

multiplied by 100.  

 

2.4 Shoot regeneration 

To determine the salinity impact on shoot 

regeneration, calli were inoculated on MS 

medium containing 1.0 mg/L of 6-

Benzylaminopurine (BAP), 0.5 mg/L of 

Naphthalene acetic acid (NAA) with four 

concentrations of NaCl (50 mM, 100 mM, 150 

mM, and 200 mM). Treatments without any 

NaCl incorporation were mentioned as control. 

The pH of the medium was adjusted to 5.8 ± 2 

before autoclaving. The similar growth condition 

was also followed after incubation. Shoot 

regeneration frequency for three varieties was 

calculated after four weeks of incubation. The 

percent frequency of shoot regeneration was 

calculated as the number of shoots produced 

from calli/total number of calli inoculated, 

multiplied by 100. 

 

2.5 Data analysis 

Data were subjected to One-way Analysis of 

Variance (ANOVA) using the software SAS 

University Edition through the general linear 

model procedure (Proc GLM). The analysis was 

done to test differences among the varieties in 

terms of percentage of seed germination and 

callus initiation at each concentration of NaCl. 

The mean values were compared using the least 

significant difference (LSD) at α = 0.05 

significance level. The standard error (SE) was 

generated to measure differences within a 

treatment.  

 

For each variety, a separate polynomial 

regression analysis was performed to elucidate 

the relationship between seed germination 

(dependent variable, Y) and the NaCl 

concentration (independent variable, X). 

Moreover, linear regression analysis was done to 

assess the relationship between callus initiation 

and the NaCl concentration. 

 

3.  Results and Discussion 

 

In this study, the effect of different 

concentrations of salinity was observed on three 

different growth stages (Germination stage, 

callus initiation and shoot regeneration) of Tori-

7, BARI Sarisha-14, and Sampad varieties.  

 

3.1 Effect of NaCl concentration on seed 

germination 

To observe the seed viability, a germination test 

was done in half-strength MS medium with 

different concentrations of NaCl (50 mM, 100 

mM, 150 mM, 200 mM) (Figure 1) and the 

control treatment. The reduction of seed 

germination was dependent on the concentration 

of NaCl and the variety. In all three varieties, 
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seed germination percentage was found to 

decrease gradually with the increase of NaCl 

concentrations (Figure 2). The highest 

percentage of seed germination was obtained in 

all three varieties in the control condition 

whereas the lowest germination percentage was 

found under severe salinity level by 200 mM 

NaCl. The reduction rate of germination was 

57.80 to 66.60% between the control and 200 

mM NaCl level in all three varieties. 

 

In the control treatment, Tori-7 showed the 

maximum germination rate (98.60%) followed 

by BARI Sarisha-14 (79.80%) and Sampad 

(73%) respectively. Whereas, the minimum rate 

of germination was recorded among the varieties 

like Tori-7 (35%), BARI Sarisha-14 (22%), and 

Sampad (6.67%) in the treatment with 200 mM 

NaCl (Table 1). All concentrations of NaCl from 

50 mM to 200 mM hampered seed germination 

percentage significantly in all three varieties. 

Both Tori-7 and BARI Sarisha-14 showed a 

steadily decreasing rate of germination until the 

treatments containing 100 mM NaCl. The 

highest reduction rate was observed in Tori-7 

(30%), and BARI Sarisha-14 (around 28%) at 

150 mM NaCl level, however, Sampad followed 

a steady reduction rate (around 20%) of 

germination in all NaCl level. In all treatments, 

Tori-7 is significantly different from Sampad and 

partly different from BARI Sarisha-14. In the 

treatments containing 200 mM NaCl, there was a 

significant difference in germination percentage 

among the varieties (Tori-7, BARI Sarisha-14, 

and Sampad) observed. This has supported 

earlier studies. 
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Figure 1. Germination rate on control and different concentrations (50 mM, 100 mM, 150 mM, and 

200 mM) of NaCl (left to right) of three varieties Tori-7, BARI Sarisha-14 and Sampad (top 

to bottom). 
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Figure 2. Effect of different concentrations of NaCl on seed germination of three Brassica varieties 

Tori-7, BARI Sarisha-14 and Sampad. 

 

Table 1. Germination percentage of three Brassica varieties cultured on control and different 

concentration of NaCl  

 

Concentration of NaCl 

(mM) 

% Germination 

Tori-7 BARI Sarisha-14 Sampad 

0 98.60 ± 1.33 a 79.80 ± 3.46 b 73.00 ± 4.06 b 

50 90.00 ± 3.46 a 81.33 ± 2.91 ab 70.67 ± 6.36 b 

100 80.67 ± 2.91 a 69.33 ± 6.57 a 50.67 ± 5.21 b 

150 50.67 ± 5.21 a 40.67 ± 1.76 ab 28.67 ± 3.71 b 

200 35.00 ± 3.06 a 22.00 ± 1.15 b 6.67 ± 2.40 c 

The values indicate the mean ± standard error 

Mean values followed by the same letters are not significantly different at p = 0.05 

 

Abiotic stresses have a huge impact on the 

germination of high-quality seeds (Jamil et al., 

2005; Fazlali et al., 2013) and several crops 

showed a negative effect of salinity during the 

stage of germination and emergence such as 

cabbage (Brassica oleracea L. var. capitata) 

(Sarker et al., 2014), okra (Abelmoschus 

esculentus L.) (Ben Dkhil et al., 2014), cowpea 

(Vigna unguiculata L. Walp.) (Thiam et al., 

2013). Several researchers concluded that as the 

salt concentration increased not only it decreased 

the germination rate but also it prolonged the 
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germination time (Jamil et al., 2005; Rouhi et 

al., 2011; Omid and Farzad, 2012). Salinity 

affects seed germination by the toxic ionic 

effects of sodium and chloride ions like-damage 

of the cell organelles and plasma membrane, 

disruption of respiration, photosynthesis and 

protein synthesis, and so on (Parida and Das, 

2005; Daszkowska-Golec, 2011). 

 

3.2 Effect of NaCl concentration on callus 

initiation 

Salinity stress on callus formation was observed 

after two weeks of inoculation of cotyledonary 

leaves into the callus induction media. Calli were 

more greenish, healthy, compact, and well 

developed in the control medium. In contrast, the 

growth medium containing 200 mM NaCl 

developed calli that were more brownish, small 

in size, and even dead (Figure 3).  

 

Apparently, the percentage of callus initiation 

was declined with the increase of salinity level. 

Among the three varieties, Tori-7 showed a 

significant difference in decreasing callus 

formation trend with an increasing rate of NaCl 

concentration (Figure 4). The highest value 

(88%) of callus initiation was found in control 

and the lowest (33%) at 200 mM level of salinity 

in Tori-7. The highest reduction of callus 

initiation percentage was observed both in the 

treatments containing 100 mM and 150 mM 

NaCl solution which was around 23% in Tori-7. 
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Figure 3. In vitro callus induction of three Brassica varieties in control and at 200 mM salinity levels. 

Calli of Tori-7 (A), Sampad (B), and BARI Sarisha-14 (C) grown on a medium containing 0 mM of 

NaCl (control) are shown in the upper row. Calli of Tori-7 (D), Sampad (E), and BARI Sarisha-14 (F) 

grown on the medium containing 200 mM of NaCl are shown in the lower row after 2 weeks. 
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Figure 4. Effect of different concentrations of NaCl on callus initiation of Tori-7. 

 

Table 2. Callus initiation frequency of three Brassica varieties cultured on control and different 

concentrations of NaCl 

 

Concentration of NaCl 

(mM) 

% Callus Initiation 

Tori-7 BARI Sarisha-14 Sampad 

0 88.00 ± 5.77 a 63.33 ± 6.67 b 53.34 ± 8.82 b 

50 86.67 ± 3.33 a 46.67 ± 13.33 b 36.67 ± 6.67 b 

100 63.33 ± 6.67 a 40.00 ± 5.77 ab 33.33 ± 8.82 b 

150 40.00 ± 5.77 a 30.00 ± 5.77 ab 20.00 ± 5.77 b 

200 33.00 ± 5.77 a 16.67 ± 3.33 ab 10.00 ± 5.77 b 

The values indicate the mean ± standard error 

Mean values followed by the same letters are not significantly different at p = 0.05 

 

Whereas a slight decrease in the callus formation 

rate (around 3 to 10%) was observed in BARI 

Sarisha-14 and Sampad at 100 mM and 150 M 

NaCl level (Table 2).  

 

In the control treatment, Tori-7 (88%) showed a 

higher amount of callus formation compared to 

BARI Sarisha-14 (63.33%) and Sampad 

(53.34%). By the addition of NaCl (50 mM), 

treatments showed the same trend of callus 

initiation with a decreasing rate like Tori-7 

(86.67%), BARI Sarisha-14 (46.67%), and 

Sampad (36.67%). The minimum rate of callus 

initiation was 33%, 16.67% and 10% in the 

treatment with 200 mM NaCl in Tori-7, BARI 

Sarisha-14 and Sampad respectively (Table 2). 

Tori-7 showed a significant difference from 

Sampad, and to some extent, a difference also 

observed from BARI Sarisha-14 in callus 

initiation in all the concentrations of NaCl.  

 

Several studies on the effects of salinity stress on 

different plants have been used widely. 

Chamandoosti (2009) observed that basal media 
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(MS + sucrose 3%, w/v + agar + 1% 

supplemented with PGRs (2, 4-D, NAA, IBA, 

KN and BAP) with 68.37 mM/L NaCl, the 

diameter of calli was the maximum 

(3.3125±0.4716). The reducing effect of sodium 

chloride on callus growth was found in 102.56 

mM/L NaCl and higher. No calli were observed 

in the concentration of 170.90-273.50 mM/L 

NaCl. Khaerani et al. (2018) showed that the 

addition of NaCl in the medium resulted in 

brownish calli for the plant Dwarf Napier Grass 

callus (Pennisetum purpureum cv. Mott).  

Treatments in the growth media (MS + 5% 

coconut water + 0.1 mg/L NAA + 2 mg/L BAP) 

with 170 mM NaCl experienced callus colour 

increasingly dark brown to blackish and finally 

to be rotten. Oxidation of phenol compounds that 

turns into a highly toxic quinone causes 

browning of the medium and callus death (Aliyu, 

2005; Tabiyeh et al., 2005; Krishna et al., 2008). 

Phenolic compounds are generally produced in 

greater abundance and/or released as a defense 

response when cells are in wounding or stress 

conditions (Dixon and Paiva, 1995; Beckman, 

2000). The defense mechanism of phenol is 

converted into an accumulation of toxic 

substances that brownish the media, damage /kill 

the plant cell (Jones and Saxena, 2013).  
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Figure 5. In vitro shoot regeneration of three Brassica varieties in control and at 200 mM salinity 

levels. Shoots of Tori-7 (A), Sampad (B), and BARI Sarisha-14 (C) grown on a medium containing 0 

mM of NaCl (control) are shown in the upper row. Shoots of Tori-7 (D), Sampad (E), and BARI 

Sarisha-14 (F) grown on a medium containing 200 mM of NaCl are shown in the lower row. 
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Figure 6. Shoot regeneration frequency of three Brassica varieties from calli cultured on control and 

different concentration of NaCl. 

 

3.3 Effect of NaCl concentration on shoot 

regeneration 

Fourteen days old calli were transferred in the 

proliferation media to screen the salinity stress in 

different concentrations of NaCl (50 mM, 100 

mM, 150 mM, 200 mM) and also in the control 

treatment. After 14 days, shoots were observed 

for all three varieties of Brassica sp. Treatments 

with 200 mM NaCl concentration showed 

comparatively less and almost dead shoot growth 

(Figure 5).  

 

Following the trend of callus initiation, it was 

observed that salinity has preventive effects on 

shoot regeneration percentage in these three 

varieties (Figure 6). The highest percentage of 

shoot regeneration was found in all three 

varieties in control conditions whereas the lowest 

was obtained at 200 mM NaCl level. The 

reduction rate of shoot regeneration was around 

40 to 50% between control and 200 mM salinity 

level. All concentrations of NaCl from 50 mM to 

200 mM impaired the shoot regeneration. Most 

of the calli were died in higher concentrations of 

NaCl, before subculturing them in shoot 

proliferation media; therefore, we had a very 

small amount of replication to observe salinity 

stress on shoot regeneration. So, it is not possible 

to evaluate if the trend was significant or not 

among the varieties with an increasing rate of 

NaCl concentration. 

 

The present experiment is in agreement with the 

previous studies where NaCl-induced stress for 

Safflower (Carthamus tinctorius L.) varieties 

and cell viability, callus growth as well as shoot 
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length were decreased 47–64% with increasing 

NaCl concentrations (Soheilikhah et al., 2013). 

Rattana and Bunnag, (2015) found that calli of 

four rice cultivars in MS medium with different 

concentrations of (BA + NAA + casein 

hydrolysate) can not proliferate or survive after 

cultured on medium amended with 175-250 mM 

NaCl. Haque et al. (2017) experienced by their 

study that combination of a low level of NaCl 

(150 mg/L) with the growth medium for plant 

regeneration showed significant results for 

barley (Hordeum vulgare L.), compared to the 

effects of a high level of NaCl (300 and 450 

mg/L). They also deduced that to increase the 

regeneration ability of barley, stress pre-

treatment factors are important. Tabiyeh et al. 

(2005) experienced that wounding of explants 

during subculture/explants excision, accelerated 

phenylalanine ammonia-lyase (PAL) activity 

which increased phenylpropanoid production 

that ultimately leads to tissue browning as well 

as cell death. Bahmani et al. (2012) found that 

attribution of osmotic effects due to higher NaCl 

concentration caused a reduction of the shoot 

and root growth. 

 

4. Conclusions  

 

The present study revealed that NaCl could be 

used to induce salt stress condition and thereby 

can also be used to assess the responses of the 

Brassica varieties against salt stress. Three 

Brassica varieties were tested in vitro for their 

germination, callus induction, and shoot 

regeneration capacity under different stress 

conditions created by different concentrations of 

NaCl to check the degree of salt tolerance. The 

highest percentage of germination, callus 

initiation and shoot regeneration was found in 

controls. Decreased germination, callus initiation 

and shoot regeneration percentage was observed 

in all three varieties with increased salinity 

levels. Brassica varieties varied significantly for 

germination percentage and callus induction 

considering levels of salinity including control 

treatment. However, Tori-7 performed better in 

saline conditions than the other two varieties to 

some extent. Experimental data provide the 

baseline for future screening experiments about 

salt tolerance in Brassica. 
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