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Abstract: Rice (Oryza sativa L.) is one of the main staple food crops taken throughout the world. The production of rice is harshly affected by salinity, in 
chief at the seedling stage. Therefore, the great task for rice breeders is to research and improve the rice varieties. It is important to identify donors, 

possessing genes for salt tolerance for successful breeding to develop salinity tolerant rice varieties. The morphological screening was performed with 14 

advanced rice lines of International Rice Research Institute (IRRI) along with check varieties in salinized and non-salinized conditions at glasshouse of 
Bangladesh Institute of Nuclear Agriculture (BINA) for evaluation of salinity tolerance. The test entries were evaluated for their tolerance to salinity in a 

hydroponic system at seedling stage using IRRI standard protocol. Six lines viz. RC-225, RC-222, RC-291, RC-248, RC-251 and RC-193 were identified 

as salt tolerant. The moderately salinity tolerant germplasms were viz. RC-227, RC-229, RC-249, RC-221 and RC-292. The lines RC-217, RC-252 and 
RC-250 were salt susceptible. Based on the study, the identified salt tolerant lines would be used as donors and crossed with recurrent parents to develop 

salinity tolerant varieties to meet the needs of farmers in coastal regions.  
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Introduction 

Rice (Oryza sativa L.), the staple food for more than half 

of the humankind of the world ((Dawe et al., 2010), 

particularly the east and south-east Asian continents 

(Singha et al., 2015). The major abiotic stresses such as 

high salinity, drought, submergence and cold (Sanghera et 

al., 2011) are causing risks to food security worldwide. 

Salinity is the second most prevalent soil problem in rice-

growing countries after drought (Mohammadi-Nejad et al., 

2008) and rice is considered as a salt sensitive crop in 

early seedling stages which limits its productivity (Todaka 

et al., 2012; Wani and Gosal, 2011). Salt stress leads to 

severe inhibition of plant growth and development, 

membrane damages, ion imbalances due to Na+ and Cl- 

accumulation, enhanced lipid peroxidation and increased 

production of reactive oxygen species like superoxide 

radicals, hydrogen peroxide and hydroxyl radicals 

(Kundan et al., 2013). Therefore, it is important to develop 

salt tolerant rice varieties. 

Similarly, extensive and reliable screening techniques of 

the breeding for salinity tolerance in rice is crucial to 

determine the extent of the genetic basis of such tolerance. 

Reliable phenotypic evaluation of cultivars include on-

field mass screening and controlled environment screening 

using hydroponics or other artificial media (Ismail and 

Horie, 2017). Screening under field conditions is tough 

due to stress heterogeneity, presence of other soil-related 

stresses, and the significant influence of environmental 

factors such as temperature, relative humidity and solar 

radiation (Tavakkoli, 2011; Kopittke et al., 2011). Most of 

the work on salinity tolerance, particularly at the seedling 

stage, has been done by applying NaCl artificially under 

controlled conditions.  

The present studies were designed to evaluate the genetic 

basis of salt tolerance of some advanced lines in a 

hydroponic system at seedling stage using IRRI standard 

protocol (IRRI, 1997) and identify the perfect donors for 

marker assisted selection (MAS). 
 

Materials and Methods 

The experiments in this study were conducted at the 

glasshouse with ambient temperature and normal light 

conditions at the glasshouse of Plant Breeding Division at 

Bangladesh Institute of Nuclear Agriculture (BINA), BAU 

campus, Mymensingh-2202 in Boro Season. Fourteen 

pedigree advance rice lines (imported from IRRI) (Linh et 

al., 2013), some varieties from BINA were used in this 

study (Table 1).  
 

Table 1. List of rice genotypes used in the salinity 

screening experiment 
 

Sl. No. Genotypes Type and Source 

1 RC-227 Advanced line, IRRI 
2 RC-229 Advanced line, IRRI 

3 RC-225 Advanced line, IRRI 

4 RC-217 Advanced line, IRRI 
5 RC-222 Advanced line, IRRI 

6 RC-291 Advanced line, IRRI 

7 RC-248 Advanced line, IRRI 
8 RC-251 Advanced line, IRRI 

9 RC-249 Advanced line, IRRI 

10 RC-250 Advanced line, IRRI 
11 RC-252 Advanced line, IRRI 

12 RC-253 Advanced line, IRRI 

13 RC-292 Advanced line, IRRI 
14 RC-193 Advanced line, IRRI 

15 FL-478 Salt tolerant, recombinant inbred line 

16 Binadhan-7 Short duration variety, BINA 
17 Binadhan-8 Salt tolerant variety, BINA 

18 Binadhan-10 Salt tolerant variety, BINA 
19 Binadhan-11 Submergence tolerant variety, BINA 

20 Binadhan-12 Submergence tolerant variety, BINA 
 

To conduct the screening technique at seedling stage, there 

were used some basic equipment and reagents (Table 2). 

The genotypes were evaluated for their tolerance to 

salinity in a hydroponic system at seedling stage using 

IRRI standard protocol (IRRI, 1997). Salinized and non-

salinized setups with 2 replications were maintained. 
 

Table 2. Basic equipment and reagents used for screening  
 

Equipment Reagents 

Water Incubator Crude salt (NaCl) 

pH meter Seed NaOH 

EC meter Styrofoam sheet HCl 
Balance Magnetic stirrer Peter fertilizer (20-20-20) 

Nylon net Plastic tray  Ferrous sulphate 

(FeSO4.7H2O) 
Plastic containers Tissue - 

Petri dish Stirrer - 

 

For screening techniques, breaking of seed dormancy was 

done by heat-treated for 5 days in an incubator at 510C. 

Rice seeds were soaked in water for 24 h and then were 

https://thericejournal.springeropen.com/articles/10.1186/s12284-019-0317-7#ref-CR9
https://thericejournal.springeropen.com/articles/10.1186/s12284-019-0317-7#ref-CR20
https://thericejournal.springeropen.com/articles/10.1186/s12284-019-0317-7#ref-CR42
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sown in the soil (Azarin et al., 2016). Then the seeds were 

washed and rinsed with tap water and placed on petri 

dishes with moistened filter papers and incubated for 48 

hrs at room temperature (about 31oC) to germinate.  

The setup required styrofoam seedling floats. A float is a 

fabrication of a rectangular styrofoam (36 cm x 31 cm x 

1.25 cm) having 100 holes (10X10) with nylon net bottom 

and 2.5 cm thick frame pasted on top. The frame helps fit 

the float to a rectangular plastic tray with 12L capacity. 

Two pregerminated seeds were sown per hole on 

styrofoam seedling float with the nylon mesh at bottom 

(Bharathkumar et al., 2015). The radicle should be 

inserted through the nylon mesh. The styrofoam seedling 

float was suspended on the tray filled with tab water. Two 

setups were maintained; salinized and non-salinized 

setup. In the non-salinized setup, the seedlings were 

grown in nutrient solution without salinization. In 

salinized setup, when seedlings were well established at 3 

to 4 leaves stage (after 3 days of sowing), water was 

replaced with salinized nutrient solution by adding crude 

salt with nutrient solution. Initial salinity was at EC = 6 dS 

m-1. Three days later, salinity level was increased up to 

EC=12 dS m-1 by adding NaCl to the nutrient solution. 

The solution was renewed in every 8 days and the pH was 

maintained at 5.0 by adding either 1N NaOH or 1N HCl. 

Modified standard evaluating score was used (Table 4) for 

rating the visual symptoms of salt toxicity. Experimental 

design was a Randomized Complete Block Design 

(RCBD) with two replications (Senanayake et al., 2017). 

Commercially available peter professional water-soluble 

fertilizer (20-20-20) (Table 3) and ferrous sulphate 

(FeSO4.7H2O) were used as nutrient solution. To prepare 

nutrient solution, 1.0 g peter fertilizer and 200mg/L 

ferrous sulphate were mixed carefully per liter of tap 

water. 
Table 3. Active Ingredients of Peters Professional 20-20-20 
 

Element Active Ingredients Amount (%) 

N Total Nitrogen  20% 

P Available Phosphate  20% 
K Soluble Potash  20% 

Mg Magnesium    0.05% 
B Boron  0.0125% 

Cu Copper  0.0125% 

Fe Iron  0.05% 
Mn Manganese  0.025 

Mo Molybdenum  0.01% 

Zn Zinc  0.03% 
 

The SES score (Table 4) was used to assess the visual 

symptoms of salt stress injury of seedlings, in which 1 

indicates highly tolerant and 9 indicates highly susceptible 

(Thomson et al., 2010). 
 

Table 4. Modified Standard Evaluation Score (SES) of visual salt injury at seedling stage 

Score Observation Tolerance 

1 Normal growth, no leaf symptoms Highly tolerant (HT) 

3 Nearly normal growth, but leaf tips or few leaves whitish and rolled Tolerant (T) 

5  Growth severely retarded; most leaves rolled; only a few are elongating Moderately tolerant (MT) 

7 Complete cessation of growth; most leaves dry; some plants dying Susceptible (S) 

9 Almost all plants dead or drying  Highly Susceptible (HS) 
Source: Gregorio et al. (1997) 
 

In salinized setup the genotypes showed wide variation. 

The main symptoms were leaf rolling and formation of the 

new leaves, leaf rolling and whitening of the tips which 

lead to complete cessation of the growth and finally drying 

the leaves (Fig. 1). The initial evaluation of visual injury 

symptoms of fourteen advanced lines and check genotypes 

were completed on at 7 days after sowing (DAS), 14 DAS 

and 21 DAS. 
 

 
Figure. 1. Salinized and non-salinized condition of the 

genotypes; evaluated for their tolerance to salinity 

in a hydroponic system at seedling stage using 

IRRI standard protocol (IRRI, 1997) 

 

After final assessment via SES scoring, survived plants 

were counted and survival percentage was calculated and 

compared with the seedlings, grown at non-salinized 

condition. And then survival of seedlings reduced due to 

salt stress could be calculated. Shoot length and root 

length of the seedlings grown at both setup were recorded. 

 

Results 

  

Fourteen advanced lines from IRRI (International Rice 

Research Institute), six high yielding varieties from BINA 

and BRRI were collected for the study. These seeds were 

screened in hydroponic system to verify the function of 

Saltol locus tolerance. In the non-salinized condition, the 

seedlings were grown in nutrient solution. All genotypes 

were grown robustly and showed uniform green colour 

and height and exhibited 100% survival under non-

salinized condition. The observed plant population in this 

condition had normal seedling growth (Fig. 2).  
 

 
Figure. 2. Percent presentation of rice genotypes at 

different level of salinity tolerance at 21 DAS 
 

In salinized condition, seedlings were allowed to grow for 

3 days in tab water. After 3 days, water was replaced with 
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salinized nutrient solution. Then seedling growth is 

suppressed under salinity stress and showed various 

degrees of responses to the salinity. The genotypes showed 

wide variation in phenotypes ranging from score 1 (highly 

tolerant) and score 9 (highly susceptible) (Table 5). 

Scoring was done at three stages of plant growth viz. at 7 

days after sowing (DAS), at 14 DAS and at 21 DAS 

(Table 7). At 7 DAS, the lines RC-251 along with check 

varieties FL-478 were scored 1 and identified as highly 

salt tolerant. The moderately salinity tolerant genotypes 

were scored 5 and these were RC-252, RC-292 and 

Binadhan-7 while rest of all genotypes were salt tolerant 

(3). At 14 DAS, RC-227, RC-229, RC-225, RC-222, RC-

291, RC-248, RC-251, RC-221, RC-193, FL478, 

Binadhan-8, Binadhan-10 and Binadhan-11 were observed 

as salt tolerant (3) and the genotypes RC-217, RC-249, 

RC-252, RC-292, Binadhan-7 and Binadhan-12 were 

scored 5 (moderately tolerant) and only the line RC-250 

was salt susceptible. Final scoring was done at 21 DAS 

and the lines RC-225, RC-222, RC-291, RC-248, RC-251, 

RC-193 along with check varieties FL-478 and Binadhan-

10 were scored 3 and identified as salt tolerant. The 

moderately salinity tolerant genotypes were scored 5 and 

these were RC-227, RC-229, RC-249, RC-221, RC-292 

and Binadhan-8. The other lines viz. RC-217, RC-252, 

Binadhan-7, Binadhan-11 and Binadhan-12 were scored 7 

(salt susceptible) except the line RC-250. This line was 

scored 9 and identified as highly susceptible line in the 

experiment (Table 5). 

 

Table 5. Standard Evaluation Score (SES) of rice genotypes for salinity tolerance 
 

Genotypes 
Standard Evaluation Score (SES) 

Salinity Tolerance 
At 7 DAS 14 DAS 21 DAS 

RC-227 3 3 5 Moderately tolerant (MT) 

RC-229 3 3 5 Moderately tolerant (MT) 

RC-225 3 3 3 Tolerant (T) 

RC-217 5 5 7 Susceptible (S) 

RC-222 3 3 3 Tolerant (T) 

RC-291  3 3 3 Tolerant (T) 

RC-248 3 3 3 Tolerant (T) 

RC-251 1 3 3 Tolerant (T) 

RC-249  3 5 5 Moderately tolerant (MT) 

RC-250 5 7 9 Highly susceptible (HS) 

RC-252 5 5 7 Susceptible (S) 

RC-221 3 3 5 Moderately tolerant (MT) 

RC-292 5 5 5 Moderately tolerant (MT) 

 RC-193 3 3 3 Tolerant (T) 

FL-478 1 3 3 Tolerant (T) 

Binadhan-7 5 5 7 Susceptible (S) 

Binadhan-8 3 3 5 Moderately tolerant (MT) 

Binadhan-10 3 3 3 Tolerant (T) 

Binadhan-11 3 3 7 Susceptible (S) 

Binadhan-12 3 5 7 Susceptible (S) 
 

At final scoring (21 DAS), only 5% genotypes showed the 

category of highly salt sensitive level, 25% under the 

sensitive level and 30% belonged to the moderately 

tolerant category. The highest number of genotypes (40%) 

showed tolerant level and scored 3 while no line (0%) was 

performed the score 1 (highly salt tolerant) in this 

experiment (Fig. 2). 
 

 
Figure 3. Performance of rice genotypes with regard to 

standard evaluation score (SES), reduction (%) 

of shoot and root length after salt stress 

The genotypes were compared based on SES, % shoot and 

root length reduction (Figure 3). The progenies RC-251 

and Binadhan-10 exhibited minimum shoot length (<5%) 

and root length (-47%to -36%) reduction but they were 

salt tolerant and scored 3. The genotypes RC-222, RC-

291, RC-248, RC-249, RC-252, RC-292, RC-193 and FL-

478 gave lower shoot length (9% to 20%) and root length 

(-32% to -9%) reduction while they performed moderately 

salt tolerance to salt tolerance level except RC Fourteen 

advanced lines from IRRI (International Rice Research 

Institute), six high yielding varieties from BINA and BRRI 

were collected for the study. These seeds were screened in 

hydroponic system to verify the function of Saltol locus 

tolerance. In the non-salinized condition, the seedlings 

were grown in nutrient solution. All genotypes were 

grown robustly and showed uniform green colour and 

height and exhibited 100% survival under non-salinized 

condition. The observed plant population in this condition 

had normal seedling growth (Figure 2). In salinized 

condition, seedlings were allowed to grow for 3 days in 

tab water. After 3 days, water was replaced with salinized 

nutrient solution. Then seedling growth is suppressed 
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under salinity stress and showed various degrees of 

responses to the salinity. The genotypes showed wide 

variation in phenotypes ranging from score 1 (highly 

tolerant) and score 9 (highly susceptible) (Table 5). 

Scoring was done at three stages of plant growth viz. at 7 

days after sowing (DAS), at 14 DAS and at 21 DAS 

(Table 7). At 7 DAS, the lines RC-251 along with check 

varieties FL-478 were scored 1 and identified as highly 

salt tolerant. The moderately salinity tolerant genotypes 

were scored 5 and these were RC-252, RC-292 and 

Binadhan-7 while rest of all genotypes were salt tolerant 

(3). At 14 DAS, RC-227, RC-229, RC-225, RC-222, RC-

291, RC-248, RC-251, RC-221, RC-193, FL478, 

Binadhan-8, Binadhan-10 and Binadhan-11 were observed 

as salt tolerant (3) and the genotypes RC-217, RC-249, 

RC-252, RC-292, Binadhan-7 and Binadhan-12 were 

scored 5 (moderately tolerant) and only the line RC-250 

was salt susceptible. Final scoring was done at 21 DAS 

and the lines RC-225, RC-222, RC-291, RC-248, RC-251, 

RC-193 along with check varieties FL-478 and Binadhan-

10 were scored 3 and identified as salt tolerant. The 

moderately salinity tolerant genotypes were scored 5 and 

these were RC-227, RC-229, RC-249, RC-221, RC-292 

and Binadhan-8. The other lines viz. RC-217, RC-252, 

Binadhan-7, Binadhan-11 and Binadhan-12 were scored 7 

(salt susceptible) except the line RC-250. This line was 

scored 9 and identified as highly susceptible line in the 

experiment (Table 5). 

At final scoring (21 DAS), only 5% genotypes showed the 

category of highly salt sensitive level, 25% under the 

sensitive level and 30% belonged to the moderately 

tolerant category. The highest number of genotypes (40%) 

showed tolerant level and scored 3 while no line (0%) was 

performed the score 1 (highly salt tolerant) in this 

experiment (Figure 2). 

The genotypes were compared based on SES, % shoot and 

root length reduction (Fig. 3). The progenies RC-251 and 

Binadhan-10 exhibited minimum shoot length (<5%) and 

root length. 

-252 (susceptible line). Higher shoot length  27%-50%) 

and root length reduction were identified to the genotypes 

RC-227, RC-229, RC-225, RC-217, RC-250, RC-221, 

Binadhan-7, Binadhan-11 and Binadhan-12 were 

moderately salt tolerance to highly salt susceptible 

genotype. In case of the line RC-292 were observed no 

change in root length (Table 6) ant this was moderately 

salt tolerance line.  

 

Table 6. Shoot & Root Length of seedlings at salinized and non-salinized condition 
 

Genotypes 

Shoot Length (21 DAS) Root Length (21 DAS) 
Standard 

Evaluation Score 

(SES) (21 DAS) 
Salinity Tolerance Salinized 

Non-

Salinized % 
decreased 

Salinized 
Non-

Salinized % 
decreased 

Mean Mean Mean Mean 
RC-227 21.75 36.75 40.82 9.25 11.50 19.57 5 Moderately tolerant (MT) 
RC-229 20.50 35.50 42.25 9.25 11.50 19.57 5 Moderately tolerant (MT) 
RC-225 20.75 32.00 35.16 10.00 11.50 13.04 3 Tolerant (T) 
RC-217 30.50 42.25 27.81 9.25 12.50 26.00 7 Susceptible (S) 
RC-222 36.75 43.50 15.52 11.75 10.75 -9.30 3 Tolerant (T) 
RC-291 34.50 39.00 11.54 10.25 9.25 -10.81 3 Tolerant (T) 
RC-248 26.25 31.00 15.32 10.50 9.00 -16.67 3 Tolerant (T) 
RC-251 31.25 32.50 3.85 10.50 8.00 -31.25 3 Tolerant (T) 
RC-249 30.00 33.00 9.09 10.00 7.75 -29.03 5 Moderately tolerant (MT) 
RC-250 24.25 38.00 36.18 10.25 8.25 -24.24 9 Highly susceptible (HS) 
RC-252 29.00 35.75 18.88 10.25 9.50 -7.89 7 Susceptible (S) 
RC-221 20.25 40.25 49.69 10.50 10.00 -5.00 5 Moderately tolerant (MT) 
 RC-292 28.50 33.50 14.93 11.25 11.25 0.00 5 Moderately tolerant (MT) 
 RC-193 34.50 42.00 17.86 9.50 8.75 -8.57 3 Tolerant (T) 
FL-478 35.00 41.00 14.63 11.00 10.50 -4.76 3 Tolerant (T) 
Binadhan-7 32.00 49.00 34.69 11.25 12.50 10.00 7 Susceptible (S) 
Binadhan-8 20.75 33.50 38.06 11.00 8.50 -29.41 5 Moderately tolerant (MT) 
Binadhan-10 32.25 33.25 3.01 10.25 7.00 -46.43 3 Tolerant (T) 
Binadhan-11 29.75 45.50 34.62 11.75 12.75 7.84 7 Susceptible (S) 
Binadhan-12 31.25 45.50 31.32 12.25 12.50 2.00 7 Susceptible (S) 

 

Discussion  

 

The conventional methods of plant selection for salt 

tolerance are difficult because of the large effects of the 

environment. The main objective of this study was to 

select salt-tolerant rice genotypes for identify suitable 

donor parents.  In the present experiment, a total of 22 

genotypes were screened in hydroponic system to prove 

the action of Saltol locus tolerance. Ali et al. (2014) also 

investigated and carried out to evaluate some genotypes 

for assessment of their tolerance in salinity stress at 

seedling stage. 

Observed salt tolerance in rice at seedling stage was 

generally reported to be in agreement with the tolerance of 

the genotypes (Islam et al., 2012). All genotypes were 

grown robustly and showed uniform green colour and 

height and exhibited 100% survival in nutrient solution 

without salinization. In salinized condition, seedling 

growth were suppressed under salinity stress and showed 

various degrees of responses to the salinity (Thomson et 

al., 2010). At 7 DAS, only two genotypes were scored 1 

and identified as highly salt tolerant and 16 progenies were 

salt tolerant while only three genotypes were moderately 

salinity tolerant. At 14 DAS, 13 genotypes were observed 

as salt tolerant while six genotypes were moderately 

tolerant as well as only one line was salt susceptible. At 

final scoring, 21 DAS 8 genotypes identified as salt 

tolerant, another 6 genotypes were moderately salinity 

tolerant, five progenies were salt susceptible and only one 

line were observed as highly susceptible line in the 
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experiment. These findings are in close agreement with the 

researcher Mansuri et al. (2012). They grouped the 

genotypes used SES for evaluation of cultivars for salinity 

tolerance during young seedling stage. They found only 

one genotype such as Pokkali was highly salt tolerant, ten 

cultivars were salt tolerant, four genotypes were 

moderately salt tolerant, one was salt susceptible and 

another one was highly salt susceptible.    

The idea of using physiological criteria for screening salt 

tolerance has been embraced by many researchers. 

Bhowmik et al. (2007) confirmed that salt stress modified 

morphological traits of rice such as reduction of root, 

shoot length and tiller number that lead to reduction in 

biomass. In this study, growth of all genotypes was 

decreased by salinity stress in all stages, but reduction of 

growth in tolerant genotypes was lower than that in 

susceptible genotypes. In the present study, the genotypes 

were compared based on the agronomic traits such as 

percent shoot and root length reduction and others. The 

progenies those showed minimum or lower shoot length 

and root length reduction were evaluated as salt tolerant. 

The genotypes showing higher shoot length and root 

length reduction were identified as moderately salt tolerant 

to highly salt susceptible. Plant height was obviously 

reduced due to salinity stress. Similar results were also 

found by Purnendu et al. (2004) and Maiti et al., (2006). 

Munns and Tester (2008) also reported that salinity might 

directly or indirectly inhibit cell division and enlargement 

during plant growing period. Choi et al. (2003) observed 

that the plant height decreased due to salt effect. Tolerant 

genotypes had lower plant height reduction than the 

susceptible genotypes. Present result is consistent with the 

result observed by Islam, (2004). He reported that total 

biomass of tolerant lines was reduced by 49.5% in 

salinized condition whereas those of susceptible lines were 

reduced by 64%. This result was also supported by 

Bhowmik et al. (2009) who observed rice genotypes with 

lowest reduction of total dry mater were tolerant to 

salinity. 

Conclusion 
 

The experiment was conducted to select salinity tolerant 

donor lines for MAS. For the experiment, a total of 14 

advanced lines were collected from IRRI and screened for 

their tolerance to salinity with other check varieties using 

IRRI standard protocol. The genotypes were screened 

through hydroponic system with 12 dSm-1 of Electrical 

Conductivity (EC) at seedling stage. Six lines such as RC-

225, RC-222, RC-291, RC-248, RC-251 and RC-193 were 

identified as salt tolerant and these advanced lines would 

be used as donors and crossed with recurrent parents to 

develop salinity tolerant varieties to meet the needs of 

farmers in coastal regions.  
 

References 
 

Ali, M.N., Yeasmin, L., Gantait, S., Goswami, R. and 

Chakraborty, S. 2014. Screening of rice landraces for 

salinity tolerance at seedling stage through morphological 

and molecular markers. Physiology and Molecular Biology 

Plants 20 411–423. 

Azarin, K.V., Usatov, A.V., Alabushev, A.V., Kostylev, P.I., 

Makarenko, M.S. and Kovalevich, A.A. 2016. Validation of 

SSR markers associated with Submergence Tolerance in 

Rice (Oryza sativa L.). American Journal of Agricultural 

and Biological Sciences 11 142-147. 

Bhowmik, S.K., Islam, M.M., Emon, R.M., Begum, S.N., 

Siddika, A. and Sultana, S. 2007. Identification of Salt 

Tolerant Rice Cultivars Via Phenotypic and Marker-

Assisted Procedures. Pakistan Journal of Biological 

Sciences 10 4449-4454. 

Bhowmik, S.K., Titov, S., Islam, M.M., Siddika, A., Sultana, S. 

and Haque, M.S. 2009: Phenotypic and Genotypic 

Screening of Rice Genotypes at Seedling Stage for Salt 

Tolerance. Global Journal of Biotechnology & Biochemistry 

4 126-131.  

Choi, W.Y., Lee, K.S., Ko, J.C., Choi, S.Y. and Choi, D.H. 2003. 

Critical saline concentration of soil and water for rice 

cultivation on a reclaimed saline soil. Korean Journal of 

Crop Science 48 238-242. 

Dawe, D., Pandey, S. and Nelson, A. 2010. Emerging trends and 

spatial patterns of rice production. Rice in the global 

economy: strategic research and policy issues for food 

security. International Rice research institute (IRRI), Los 

Baños. 

International Rice Research Institute (IRRI), 1997. Rice 

Almanae. IRRI-WARDA-CIAT, Los Baños, Laguna, 

Philippines.  

Ismail, A.M. and Horie, T. 2017. Genomics, physiology, and 

molecular breeding approaches for improving salt tolerance. 

Annu Rev Plant Biol 68 405–434. 

Islam, A.S.M.F., Ali, M.R., Gregorio, G.B. and Islam, M.R. 

2012. Genetic diversity analysis of stress tolerant rice 

(Oryza sativa L.). African Journal of Biotechnology 11 123-

151. 

Islam, M.M. 2004. Mapping salinity tolerance genes in rice 

(Oryza sativa L.) at reproductive stage. Ph.D. Dissertation. 

Laguna, Philippines: University of the Philippines Los 

Baños College 1–149. 

Kundan, K., Manu, K., Seong-Ryong, K., Hojin, R. and Yong-

Gu, C. 2013. Insights into genomics of salt stress response 

in rice. Rice 6 27. 

Kopittke, P.M., Blamey, F.P.C., Kinraide, T.B., Wang, P., 

Reichman, S.M. and Menzies, N.W. 2011. Separating 

multiple, short-term, deleterious effects of saline solutions 

on the growth of cowpea seedlings. New Phytology 189 

1110–1121. 

Linh, T.H., Linh, L.H., Cuc, D.T.K., Ham, L.H. and Khanh, T.D. 

2013. Improving Submergence Tolerance of Vietnamese 

Rice Cultivar by Molecular Breeding. Journal of Plant 

Breeding and Genetics 1 157-168.  

Mansuri, S.M., Jelodar, N.B. and Bagheri, N. 2012. Evaluation 

of rice genotypes to salt stress in different growth stages via 

phenotypic and random amplified polymorphic DNA 

(RAPD) marker assisted selection. African Journal of 

Biotechnology 11 9362-9372. 

Maiti, R.K., Vidyasagar, P.P. and Banerjee, P,P, 2006,  Salinity 

tolerance in rice (Oryza sativa L.) hybrids and their parents 

at emergence and seedling stage. Crop Research Hisar 31 

427-433.  

Mohammadi-Nejad, G, Arzani, A., Rezai, A.M., Singh, R.K. and 

Gregorio, G.B. 2008.  Assessment of rice genotypes for salt 

tolerance using microsatellite markers associated with the 

saltol QTL. African Journal Biotechnology 7 730-736. 

Munns, R. and Tester, M. 2008. Mechanisms of salinity 

tolerance. Annual Review of Plant Biology 59 651- 681.  

Purnendu, G., Mannan, M.A., Pal, P.S., Hossain, M.M. and 

Parvin, S. 2004. Effect of salinity on some yield attributes 

of rice. Pakistani Journal of Biological Science 7760-762. 

Sanghera, G.S., Wani, S.H., Hussain, W. and Singh, N.B. 2011. 

Engineering cold stress tolerance in crop plants. Current 

Genomics 12 30-43. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=25320465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeasmin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25320465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gantait%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25320465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goswami%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25320465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chakraborty%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25320465
file:///D:/My%20PhD%20Thesis/APT/Collected%20papers/Salinity%20Screening/Screening%20of%20rice%20landraces%20for%20salinity%20tolerance%20at%20seedling%20stage%20through%20morphological%20and%20molecular%20markers.htm
file:///D:/My%20PhD%20Thesis/APT/Collected%20papers/Salinity%20Screening/Screening%20of%20rice%20landraces%20for%20salinity%20tolerance%20at%20seedling%20stage%20through%20morphological%20and%20molecular%20markers.htm
http://www.ajol.info/index.php/ajb/article/viewFile/58516/46861..
http://www.ajol.info/index.php/ajb/article/viewFile/58516/46861..
http://www.ajol.info/index.php/ajb/article/viewFile/58516/46861..
http://www.ncbi.nlm.nih.gov/pubmed/21886453
http://www.ncbi.nlm.nih.gov/pubmed/21886453
http://www.ncbi.nlm.nih.gov/pubmed/21886453


 42 

Singha, K. and Mishra, S. 2015. Sustainability of Rice 

Cultivation: A Study of Manipur. Journal of Rice Research 

4 159. 

Tavakkoli, E. 2011. Limitations to yield in saline-sodic soils: 

quantification of the osmotic and ionic regulations that 

affect the growth of crops under salinity stress. Ph.D. thesis. 

University of Adelaide, Australia. 

Thomson, M.J., Ismail, A.M., McCouch, S.R. and Mackill, D.J. 

2010. Marker assisted breeding. Abiotic stress adaptation in 

plants: Physiological, molecular and genomic foundation. 

Springer, Berlin. pp. 451-469.  

Todaka, D., Nakashima, K., Shinozaki, K. and Yamaguchi-

Shinozaki, K. 2012. Toward understanding transcriptional 

regulatory networks in abiotic stress responses and tolerance 

in rice. Rice 5 6. 

Wani, S.H. and Gosal, S.S. 2011. Introduction of OsglyII gene 

into Indica rice through particle bombardment for increased 

salinity tolerance. Biologia Plantarum 55 536-540. 

 

http://www.ncbi.nlm.nih.gov/pubmed/24764506
http://www.ncbi.nlm.nih.gov/pubmed/24764506
http://www.ncbi.nlm.nih.gov/pubmed/24764506
http://link.springer.com/article/10.1007%2Fs10535-011-0120-9
http://link.springer.com/article/10.1007%2Fs10535-011-0120-9
http://link.springer.com/article/10.1007%2Fs10535-011-0120-9

