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Abstract 

Sea level rising, as a result of global warming, is a major threat to crop production; 

because inclusion of saline water in crop land limits the crop production. So, an 

experiment was undertaken to evaluate some mungbean genotypes under different levels 

of salt stresses in germination stage. The experiment was conducted at Regional 

Agricultural Research Station, Jashore during Rabi 2020-2021. The seeds of seven 

mungbean genotypes viz. BARI Mung-6, BARI Mung-8, BMXKI-112004-3, BMXKI-

112009-21, MMAT-V07, BMMP-201524 and BMMP-201506 were collected from 

different sources. This experiment was conducted following factorial completely 

randomized design (CRD) with two replications. The experimental factors were i) 

mungbean genotypes (seven) and ii) salt stress (three levels: 0, 4 and 8 dSm-1). The results 

showed that mungbean var. BARI Mung-6 at 0 dSm-1 and 4 dSm-1 showed highest value 

in case of germination index (9), germination percentage (100%), co-efficient of 

germination (40), vigor index (1950) and lowest value in case of mean germination time 

(2.5). BARI Mung-8 at 0 dS m-1 showed the inverse results. Genotype BMXKI-112009-

21, MMAT-V07 and BMMP-201524 at 4 dSm-1 and in some extent in 8 dSm-1 showed 

highest value in case of germination stress tolerance index, plant height stress index, root 

length stress index, shoot fresh weight stress index, root fresh weight stress index, shoot 

dry weight stress index and in root dry weight stress index. The lowest values in these 

parameters were found in BARI Mung-8 at 8 dSm-1 salt stress. BARI Mung-6, MMAT- 

V07, BMXKI-112009-21 and BMMP-201524 genotypes were found to be more tolerant 

to salt stress than rest of the genotypes in germination stage. 

 

Introduction 

Mungbean is an important pulse crop in Bangladesh which is grown for its various nutritional benefits 

and as for green manuring purposes. Its grain is used for human consumption as it contains 19.5%-

28.5% protein. Bangladesh has produced about 37,000 M Tons mungbean from 109,000 acres of land 

in 2019-2020 (BBS, 2021). 

For crop production, biodiversity, food and nutritional security, soil salinity is a serious threat now-a-

days. In 1973, salinity affected area in Bangladesh was 8330 square km whereas in 2009 it increases in 

around 10560 square km (SRDI, 2010). More than thirty-five million people are living in coastal region 

of Bangladesh in 19 districts which covers about 32% of the whole country Huq and Rabbani (2011). 

The growth of most salt sensitive crop plant is inhibited due to excessive Na+ and Cl-ion. The effect of 

NaCl salt solution concentration on plant growth has been studied in different pulse crop species. At 

50mM of NaCl, reduction of dry mass production in Glycine max, Phaseolus vulgaris and Brassica 

juncea in increased salt concentration was found by Taffouo et al. (2004) and Syeed et al. (2011). In 
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Vigna unguiculata and Mucuna poggei effect of NaCl was observed in 100mM of NaCl. Combination 

of osmotic and specific ion effects of Na+ and Cl-can reduce the dry mass in increased salinity level 

Munns (2002). 

Salt tolerance of a plant can be defined as the plants can complete its life cycle in certain concentration 

of salt substrates. On the basis of morphological, physiological and biochemical indices different 

scientific techniques like conventional breeding, selection and transgenics can be used to mitigate the 

salinity stress in plants. Selection of salt tolerant genotypes in the early stage can be a very reliable 

strategy as this strategy is less time consuming, less laborious and less expensive Dasgan et al. (2002). 

Understanding the physiological or biochemical processes that is more sensitive to salt stress that can 

be used as effective selection criterion is also important, Ashraf and Harris (2004). Therefore, the 

objective of this study was to evaluate the influence of salt stress on germination and seedling growth 

of seven mungbean genotypes with a view to a better understanding of the mechanisms and capability 

of salt tolerance in these genotypes. 

Materials and Methods 

The experiment was conducted at Regional Agricultural Research Station, Jashore during Rabi 2020-

21. Seven selected genotypes of mungbean viz., BARI Mung-6, BARI Mung-8, BMXKI-112004-3, 

BMXKI-112009-21, MMAT-V07, BMMP-201524, and BMMP-201506 was tested and evaluated in 

vitro condition in petridishes at 0, 4 and 8 ds m-1 Nacl salt solution. A two factorial experiment was set 

in following factorial completely randomized design (CRD) with two replications. The experimental 

factors were i) mungbean genotypes (seven) and ii) salt stress (three levels: 0, 4 and 8 ds m-1). The 

seven genotypes were randomly assigned to seven Petri dishes (9 cm diameter) of which each petri dish 

contained 10 seeds of each genotype following two replications. Three salt treatments i.e., 0 (control), 4 

and 8dSm–1were obtained by dissolving laboratory grade NaCl in the solution until the treatment level 

reached to the desired EC. An EC meter was used to check the desired EC regularly. The control i.e., 0 

dSm–1 was maintained using distilled water only. The seeds were soaked in water and imbibed for 24 

hours and then placed in petri dishes containing filter paper to allow them for germination. In control, 4 

mL of distilled water was added to the petri dish. Filter papers were moistened with 4 mL of respective 

salt solutions to develop the respective level of salt treatments (4 dS m-1 and 8 dSm–1). The mungbean 

seeds were allowed to germinate at around 25°C room temperature and kept them for eight days for 

observation. The number of germinated seeds (2 mm radicle length) was counted every day. The final 

count was done on day eight and germination percentage (GP) was calculated using the following 

formulae stated by Almudaris (1998). 

 

Germination percentage (%) = 
Total No.  of seed germinated in final day

Total No.  of seed taken
× 100 

 

Co-efficient of germination (CG) was calculated using the following formula Copeland (1976): 

𝐶𝑜 − 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑜𝑓𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛(%) =  
𝐴1 + 𝐴2 + ⋯ . 𝐴𝑥

𝐴1𝑇1 + 𝐴2𝑇2 + ⋯ 𝐴𝑥𝑇𝑥
× 100 

 

where, CG = Coefficient of germination (%), A = Number of seeds germinated, T = Time 

corresponding to A, x = Number of days to final count. 

Germination index was calculated as the product of number of days after sowing and number of 

germinated seeds divided by the total number of seeds sown Li (2008).  

Germination Index (GI) = diNi/ S 

where, di = Number of days after sowing seeds under a particular treatment, Ni = the number of 

germinated seeds and S = the total number of seeds sown for the experiment. 
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The mean germination time (MGT) was calculated using the daily counts, according to the following 

equation described by Moradi et al. (2008): 

MGT = Σ nD / Σ N 

Where, n is the number of newly germinated seeds at day D; D = days from the beginning of the 

germination test; N = number of all germinated seeds (final germination). 

The vigor of the seedlings was calculated according to the following formula stated by Abdul-Baki and 

Anderson (1973): 

Vigor index= {Mean of root length + Mean of shoot length} × Seed germination (%) 

plumule length (PL) was measured from shoot base to the tip of the longest leaf and radicle length (RL) 

was measured from root base to the root tip. Seedling fresh weight was recorded immediately after the 

harvest at day nine. Root length stress tolerance index (RLSI), plant height stress tolerance index 

(PHSI), shoot fresh weight stress tolerance index (SFSI), root fresh weight stress tolerance index 

(RFSI), shoot dry weight stress tolerance index (SDSI) and root dry weight stress tolerance index 

(RDSI) were calculated using the following formula described by Ashraf and Harris (2004): 

PI = nd1 (1.00) + nd2 (0.75) + nd3 (0.50) + nd4 (0.25) Where, nd1, nd2, nd3 and nd4 = Number of 

seeds germinated on the 2nd, 4th, 6th and 8th day, respectively.  

GSTI = (PI of stressed seeds / PI of control seeds) X 100 

PHSI = (Plant height of stressed plants / plant height of control plants) X 100  

RLSI = (Radicle length of stressed plants / radicle length of control plants) X 100  

SFSI = (Shoot fresh weight of stressed plants / shoot fresh weight of control plants) X 100  

RFSI = (Root fresh weight of stressed plants / root fresh weight of control plants) X 100  

SDSI = (Shoot dry weight of stressed plants / shoot dry weight of control plants) X 100  

RDSI = (Root dry weight of stressed plants / root dry weight of control plants) X 100  

Data of different parameters were recorded from five seedlings of each unit petri dish and analyzed 

statistically by statistical software Statistix-10 and the mean separation was done by least significance 

difference test at 5% level of probability. 

Results and Discussion 

Co-efficient of germination (CG) showed significant variation among the genotypes and salt treatments 

(Figure 1). Results revealed that CG decreased with the increase of salt concentration for all the 

genotypes except BARI Mung-6 and BMXKI-112009-21. The highest CG was found by the genotype 

BARI Mung-6 in 4 dSm-1 salt solutions which is followed by genotype BMMP-201524 in 0.0 dSm-1 

salt solutions and the lowest was found in BARI Mung-8 in 8 dSm-1 salt solutions (Figure 1). 
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Fig. 1. Effect of different levels of salinity on selected mungbean genotypes in respect of co-efficient of 

germination. 

 

Germination index (GI) showed significant differences for the genotypes and salt solutions (Figure 2). 

Results showed that in some genotypes GI increased in 4 dSm-1salt concentration compared to control 

but in 8 dSm-1 GI again decreased compared to control and 4 dSm-1 concentrations. The highest GI was 

found by BARI Mung-6 in control dishes and the lowest by the genotype BARI Mung-8 in 4 dSm-1 and 

8 dSm-1 NaCl salt solution (Figure 2). Similar results were also found by Almodares et al. (2007) and 

Khan and Weber (2008). They reported that increasing of salinity level decreases the germination 

index, but in some cases certain level of salinity can enhance the germination capability of some 

genotypes which was accordance with the present findings. 

 

 

Fig. 2. Effect of different levels of salinity on selected mungbean genotypes in respect of germination 

index. 

Germination percentage (GP) showed significant variation for genotypes and different salt 

concentrations (Figure 3). In case of genotype BARI Mung-6, BARI Mung-8, and BMXKI-112004-3 

GP decreased with the increase of salt concentration but in case of genotype BMXKI-112009-21, 
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MMAT-V07, BMMP-201524 and BMMP-201506 GP increased in 4 dSm-1 salt concentrations 

compared to control and 8 dSm-1 concentrations (Figure 3). In controlled condition and in 8 dSm-1 salt 

concentrations the highest GP was found in BARI Mung-6 and the lowest in BARI Mung-8 (Figure 3). 

In 4 dSm-1 concentrations highest GP was found in BARI Mung-6 and in BMMP-201506 and the 

lowest by BARI Mung-8 (Figure 3). These findings indicated that there were genetically differences in 

different cultivars in respect to salt stress. Lauchli and Grattan (2007) stated that germination rates may 

vary with the species and genotypes in different salt stress conditions. The reduction of germination 

percentage might be due to alteration of enzymes and hormones that exists in the seeds Khan and Rezvi 

(1994). This might be also happened due to lower osmotic potential of germination media which leads 

to reduction of imbibition’s of water by planting materials Khan and Weber (2008). 

 
Fig. 3. Effect of different levels of salinity on selected mungbean genotypes in respect of germination 

percentage. 

 

Mean germination time (MGT) showed significant variation for genotypes and salt concentrations 

(Figure 4). MGT was increased with the increase of salinity for all the genotypes except BARI Mung-6 

and BARI Mung-8. In these two genotypes MGT decreased in 4 dSm-1 salt concentration but MGT 

again increased in 8 dSm-1salt concentrations (Figure 4). The longest MGT was found by BARI Mung-

8 in control dishes and in 8 dSm-1salt concentration there were no germinated seeds at all and the 

lowest MGT was observed by BARI Mung-6 in 4 dSm-1salt concentrations (Figure 4). Hapsari and 

Trustinah (2018) also indicated that the increasing of salinity level could reduce the speed of 

germination. These results were also accordance with Trustinah et al. (2016) and Sehrawat et al. 

(2014). The speed of germination or MGT is more important than the germination rate as MGT 

indicate the growing strength of seed vigor by Sadjad et al. (1999) and Sari et al. (2013). 
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Fig. 4. Effect of different levels of salinity on selected mungbean genotypes in respect of mean 

germination time. 

 

Vigor index (VI) showed significant variations for genotypes and salt concentrations (Figure 5). Results 

revealed that VI decreased with the increase of salinity for all the genotypes. The highest VI was 

observed by BARI Mung-6 in 0 dSm-1 salt solutions and the lowest was found by BARI Mung-8 in 8 

dSm-1 salt solutions (Figure 5). Similar trend was also reported by Hapsari and Trustinah (2018) and 

Sehrawat et al. (2014). This might be happened as salt stress may negatively affect morpho-

physiological, biochemical and biometrics characters of mungbean Sunil et al. (2012). 

 

Fig. 5. Effect of different levels of salinity on selected mungbean genotypes in respect of vigor index. 

 

Germination stress tolerance index (GSTI) showed significant variations for genotypes and NaCl salt 

concentrations (Table 1). The results showed that GSTI decreased with the increase of salinity for all 

the genotypes except MMAT-V07. The maximum GSTI was found by BMXKI-112004-3 in 4 dSm-1 

which was followed by genotype MMAT-V07 in 8 dSm-1 and BARI Mung-6 in 4 dSm-1 (Table 1). The 

lowest GSTI was observed by BARI Mung-8 in both 4 and 8 dSm-1. 
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Plant height stress index (PHSI) showed significant variations for genotypes and NaCl salt 

concentrations (Table 1). The results revealed that increase in salt concentration leads to decrease in 

PHSI. The highest PHSI was found by BMXKI-112009-21 in 4 dSm-1salt concentrations and the 

lowest PHSI by BARI Mung-8 in 8 dSm-1 concentrations. 

Root length stress index (RLSI) showed significant variations for genotypes and NaCl salt 

concentrations (Table 1). The results revealed that increase in salt concentration leads to decrease in 

RLSI except genotype BMMP-201524. The maximum RLSI was found by BMXKI-112009-21 in 4 

dSm-1 salt concentrations followed by BMMP-201524 in 8 dSm-1 and the lowest RLSI by BARI Mung-

8 in 8 dSm-1 concentrations. 

Root dry weight stress index (RDSI) showed significant variations for genotypes and NaCl salt 

concentrations (Table 1). All the genotypes exhibit minimal RDSI in both the salt concentrations 

except BMXKI-112009-21 in 4 dSm-1. 

Root fresh weight stress index (RDSI) showed significant variations for genotypes and NaCl salt 

concentrations (Table 1). The highest RFSI was found by genotype BMMP-201506 in 4 dSm-1 

concentrations and the lowest RFSI by BARI Mung-8 and BMMP-201524 in both the salt 

concentrations and in BMXKI-112004-3, BMXKI-112009-21, BMMP-201506 when salt concentration 

was 8 dSm-1. Shoot dry weight stress index showed non-significant variations for genotypes and NaCl 

salt concentrations (Table 1). 

Shoot fresh weight stress index (SFSI) showed significant variations for genotypes and NaCl salt 

concentrations (Table 1). The results revealed that increase in salt concentration leads to decrease in 

SFSI for all the genotypes. The highest SFSI was found by BMMP-201524 in 4 dSm-1 salt 

concentrations followed by MMAT-V07 in 4 dSm-1 salt stress and the lowest SFSI by BARI Mung-8 in 

8 dSm-1 concentrations. 
 

Table 1. Salt tolerance stress indices as influenced by genotypes and salt stresses 

Genotypes 
Salt sol. 

(dS m-1) 
GSTI PHSI RLSI RDSI RFSI SDSI SFSI 

BARI Mung-6 4 115.00 52.90 49.76 0.0 51.31 50.00 66.69 

BARI Mung-6 8 38.21 23.36 39.19 0.0 32.14 50.00 58.48 

BARI Mung-8 4 0.00 20.00 17.44 0.0 0.00 0.00 25.00 

BARI Mung-8 8 0.00 0.00 0.00 0.0 0.00 0.00 0.00 

BMXKI-112004-3 4 126.00 59.76 44.22 0.0 49.99 50.00 87.8 

BMXKI-112004-3 8 65.07 20.80 43.46 0.0 0.00 60.00 68.29 

BMXKI-112009-21 4 78.57 80.13 71.84 50 77.50 65.91 93.36 

BMXKI-112009-21 8 23.81 26.09 40.26 0.0 0.00 72.72 83.06 

MMAT-V07 4 97.14 43.26 64.50 0.0 66.66 83.62 96.44 

MMAT-V07 8 125.00 36.96 48.07 0.0 68.13 83.33 84.04 

BMMP-201524 4 70.83 69.04 49.09 0.0 0.00 62.50 97.00 

BMMP-201524 8 28.20 21.09 69.53 0.0 0.00 62.50 73.43 

BMMP-201506 4 102.57 50.35 39.68 0.0 100.00 62.50 93.05 

BMMP-201506 8 43.59 23.30 28.54 0.0 0.00 62.50 91.46 

LSD(0.05)  75.9 36.11 67.08 47.93 43.58 NS 40.82 

GSTI= Germination Stress Tolerance Index, PHSI= plant height stress index, RLSI= Root length stress index, SFSI= 

Shoot fresh weight stress index, RFSI=Root fresh weight stress index, SDSI=Shoot dry weight stress index, RDSI=Root 

dry weight stress index, LSD= Least significance differences in 5% level of probability 
 

Salt stresses significantly reduce the seedling shoot and root height and biomass as well. This might be 

happened for the reduction of the plant ability to uptake water as osmotic deficit or for inclusion of 

toxic ions in the transpiration streams by Munns (1993, 2005). Several studies also reported significant 

reduction in seed germination and seedling growth in different crops and a large genotypic variation in 

response to salt stresses by Farooq et al. (2015) and Parihar et al. (2015). In case of 4 dSm-1 salt stress 

in some genotypes several physiological indices showed their highest positive result in present study. 
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Hapsari and Trustinah (2018) also corroborates the same results. They reported that some tested 

genotypes showed better normal seedling dry weight compared to control. Dutta and Bera (2014) also 

reported the same results as root fresh weight and dry eight were increased under salinity. 

Conclusion 

The research work revealed significant differences among the mungbean genotypes in various salinity 

levels in germination and seedling stages. The germination percentage, germination index, co- efficient 

of germination, vigor index and different salt tolerant indices were decreased with the increase of 

salinity level and the mean germination time increased with the increase of salinity. In some genotypes 

salt stress tolerance indices were increased in 4dSm-1 after that it decreased in the onset of increasing 

salinity level. Mungbean var. BARI Mung-6, genotypes, MMAT- V07, BMXKI-112009-21 and 

BMMP-201524 were found to be more tolerant to salt stress than other genotypes. This variability of 

genotypes can be used later for breeding program and further study will be needed for assessing 

whether these genotypes are performing the same in their growth and development phases under NaCl 

salt stresses. 
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