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Vigna mungo L. (black gram, Mash dal) the member of family Fabaceae is one of the main cash crop of 
Pakistan, used as food, fodder and forage. The production of crop is decreasing due to increasing 
salinity levels in the arable lands. The study was carried out for examining the effect of different salts on 
seed germination and early seedling growth of V.mungo. Seeds were treated with five different 
concentrations (0, 2, 4, 8, 16 and 24 dSm

-1
) of six salts (NaCl, KCl, MgSO4, Na2SO4, Na2CO3, and 

NaHCO3) at ambient temperature (25-35 ᴼC). This investigation was performed as Factorial experiment 
under Control Randomized Design with four replications. Results of the study showed that effect of 
Na2CO3 and NaHCO3 were highly inhibitory for both germination and seedling growth stages of V. 
mungo, whereas, the effect of MgSO4 was lowest on both stages in comparison with other salt 
treatments. Shoot and root fresh weight and dry weight were significantly decreased with the increment 
in concentration of salts. Effect of salts reduces the seedling tolerance index and caused phytotoxicity, 
the impact of toxicity was highest at high salt concentrations and the lowest toxicity was in control 
condition. It was concluded that different kind of salts significantly affected the germination percentage, 
rate of germination and seed vigor index.  

Keywords: Salinity, Vigna mungo, germination, seed vigor, different salts, shoot/root growth phytotoxicity. 

 
INTRODUCTION 

In the last few decades, increasing human 
population, industrialization and urbanization are 
driving abrupt climatic changes in the world, as a 
consequences low rainfall and rising 
environmental temperature are two major issues 
(Lashari and Mahesar, 2012). Pakistan 
geographically allocates about 803,940 square 
kilometers area of land out of which 60 percent 
are salt affected due to improper irrigation system 
and most of the areas is water logged because of 
high water table (Alam et al. 1999); (Blood, 1994). 

The economy of Pakistan is based on agriculture 
which is diminishing at rapid rate because of the 
decrease in per acre production as a result of 
various stresses. Pakistan agriculture production 
is far below the potential level and among lowest 
as compared to other agriculture countries. For 
strengthening and growth of the economy it is 
essential to adapt modern agriculture practices 
and enhance the capitulate production (Khan, 
2005). 

Soil salinization (increased level of Na
+
, K

+
, 

Ca
+
, Mg

+
, Cl

-
, SO4

-
) and alkalization (increased 
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level of HCO3 and CO3) are major abiotic stresses 
for the arable lands which affects the successful 
plant growth and survival (Patil el al., 2012). The 
plants experience double fold effect of stress in 
this condition and the effect is either ionic/osmotic 
or both. Low water potential of the soil causes 
reduction in water uptake by the roots and high 
pH of the environment due to the precipitation of 
metal ions and phosphorous develops ionic 
imbalance (Ghanad et al. 2016); (Zahedi et al. 
2011); (Zhang and Zhao, 2011); (Liu et al. 2010). 

Seed germination and seedling growth of the 
crop species is more sensitive than the plants 
grown in saline habitat (Alwan et al. 2015); 
(Asmare, 2013). The salinity stress vary with type 
of plant species and it affects the plant survival 
usually via inhibition of seed germination, 
retardation of seedling growth, loss of root/shoot 
dry weight and imbalance of Na

+
/K

+
 uptake in 

shoots and roots and also causes oxidative stress 
in plant cells (Nasri et al. 2012); (Deng et al. 
2014); (Hoque et al. 2014); (Mondo et al. 2013). 

Vigna mungo L. (black gram) is a leguminous 
plant species which grows in south Asia. It 
provides a good source of proteins, vitamins and 
minerals and beneficial for both humans and 
livestock with great medicinal importance 
(Graham and Vance, 2003). The cultivation of V. 
mungo enhanced the soil fertility therefore used 
as annual crop rotation in the areas having clay 
soil (Krishna, 2010); (Jansen, 2006). In Pakistan 
the main growing areas of V. mungo are saline 
and due to salt stress yield of crop is about 455 
Kg/ha (Khan, 2005), which is almost lowest as 
compared to other V. mungo growing countries.  

The aim of the presented study was to 
determine the germination and seedling growth 
behavior of V.mungo in different salts and it is 
time to identify and select stress tolerant species 
which can not only survive but also produce 
optimal yield in stressful environment. 

 
MATERIALS AND METHODS 

The seeds of the Vigna mungo (Mash Daal) 
were bought from local market to test the effect of 
salts on germination percentage, rate of 
germination and seed vigor index. Seeds were 
surface sterilized with 0.5% sodium hypochlorite 
for 10 minutes followed by thorough rinsing with 
sterilized distilled water. Surface sterilized seeds 
were air dried and used for further analysis.  

Seeds were set for germination in Petri plates 
in test solution at ambient temperature (25-35 °C) 
in Department of Botany, Federal Urdu University, 
Karachi in 2015. Seed were set for germination in 

six different concentrations (distilled water, 2 dSm
-

1
(1.12g/1L), 4 dSm

-1
 (2.10g/1L), 8 dsm

-1
 

(4.95g/1L), 16 dSm
-1

 (9.9g/1L) and 24 dSm
-

1
(1.0g/1L) of NaCl, Na2SO4, MgSO4, KCl, Na2CO3 

and NaHCO3. Four replicates of sterilized Petri 
plates containing seeds were used and each was 
moistened with 10ml respective solutions. The 
germination was recorded on 24hr interval for 7 
days and the emergence of radical (>2mm) was 
considered as the germination of seeds. 

At the ends of germination experiment the 
seedlings were used for the measurement of 
shoot and root length by using measuring scale. 
For obtaining the dry weight shoot and root was 
incubated at 70 °C for 48hrs.  
Percent germination was calculated by the 
formula (Zahedi et al. 2011)  
 

Seeds germinated at n
th
 day X 100 

Total number of seeds 
Rate of germination was calculated by using 
modified Timson’s index (1965)  
 

ΣG/t (ΣG= total germination, t= total time) 
 
Seedling vigor index (VI) was calculated by 
method (Abdul-Baki and Anderson, 1973) 
 

VI = standard of % germination X 100 
Root length + shoot length 

 
Seedling tolerance index (STI) were calculated by 
method (Iqbal and Rehmati, 1992) 
 
STI = mean root length in salt solution X 100  
          mean root length in distilled water 
 
Percent shoot and root phtotoxicity was calculated 
by using method (Chou and Lin, 1976) 
 
PS (%) =  SL of control – SL of treatment X 100  
                     SL of control 
Where PS is phytotoxicity of shoot and SL is 
Shoot length.  
                          
PR (%) =  RL of control – RL of treatment X 100  
                       RL of control 
Where PR is phytotoxicity of root and RL is root 
length. 

Statistical analyses 
Statistical analysis of data was based on analysis 
of variance (ANOVA) performed by using SPSS  
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Table: 1. Two way Analysis of Variance (ANOVA) of the salts type, salts concentrations and their interactions 

on different germination and seedling parameters of Vigna mungo (P <0.05) 

 

software version 14. Significant difference within 
treatments was compared by using a Bonferroni 
test (p < 0.05). 

 
RESULTS 

Effect of different salts on seed germination of 
Vigna mungo: 

Two way Analysis of variance (P < 0.05) 
showed a significant specific effects of different 
salt types (NaCl, Na2SO4, MgSO4, KCl, Na2CO3 
and NaHCO3), concentrations (distilled water, 2 
dSm

-1
, 4 dSm

-1
, 8 dsm

-1
, 16 dSm

-1
 and 24 dSm

-1
) 

and their interaction on seed percentage and rate 
of seed germination, seed vigor index (SVI) and 
seedling tolerance index (STI) (Table. 1). 

Effect of salts on seed germination is 
presented in (Fig.1) which shows that with the 
increase of salt concentration, seed germination 
decreased in all treatments whereas the highest 
germination percentage was observed in control 
condition. All salts had a distinctive negative effect 
on seed germination at highest salinity level 
except MgSO4 which was found less inhibitory, 40 
% seeds germinated at 24 dSm

-1
. At lower salinity 

concentrations, NaCl, KCl, Na2SO4 and NaHCO3 
were not as inhibitory for germination as their 
higher concentrations (16 and 24dSm

-1
). The 

trend of inhibitory effect of different salt solutions 
on seed germination was as follows MgSO4 >NaCl 
>KCl >Na2SO4 >Na2CO3 >NaHCO3 (Fig. 1). 

Effect of different salts on shoot and root 
length: 

The results of the present study showed 
significant effect of salts on shoot/root length of 
Vigna mungo (Fig. 2). The maximum shoot/root 
length (10 cm) was observed in control condition 
whereas it subsequently decreased at higher 
concentrations of all the salts used. Na2CO3 and 
NaHCO3 were found the most inhibitory salts to 
effect the growth of shoot/root at higher 

concentrations and the growth decreased from 
8cm (0dSm

-1
) to 0cm (8dSm

-1
 to 24dSm

-1
). The 

MgSO4 and Na2SO4 were found less inhibitory 
salts for shoot/root length. The suppression 
pattern of Vigna mungo seedling shoot/root 
growth in different salts was as Na2CO3 > 
NaHCO3> NaCl > KCl> Na2SO4> MgSO4 (Fig. 2). 

Effect of different salts on shoot/root weight: 
A descending trend was observed in the shoot 

and root fresh weight as the concentration of 
different salts increased (Fig. 3). Statistical 
analysis of the data expressed a significant (P 
<0.05) difference between shoot and root fresh 
weight in both saline and non-saline conditions. 
The data showed that at higher salinity level 
reduction in fresh weight of roots was more as 
compared to shoots. Different concentrations 
Na2CO3 and NaHCO3 decreased the shoot fresh 
weight, it was 50% in 0 to 4dSm

-1
 and 100% in 8 

to 24 dSm
-1

 respectively whereas MgSO4 showed 
non-significant effect on shoot fresh weight. The 
shoot/root dry weight was also decreased at all 
concentrations (0 to 24dSm

-1
) in all salts 

treatments. The shoot/root weight reduction in 
different salts was as Na2CO3> NaHCO3> NaCl> 
KCl> Na2SO4> MgSO4 (Fig. 3). 

Effect of different salts on shoot/root 
phytotoxicity: 

Higher concentration of salts considerably 
increased the shoot/root phytotoxicity in Vigna 
mungo (Fig 4) whereas it was modest at low 
concentrations (0dSm

-1
 to 8dSm

-1
). The phytotoxic 

effect of Na2CO3 and NaHCO3 was initiated at 
4dSm

-1
 and it reached 100% at high 

concentrations. In general toxic effect of salts was 
more significant on roots then shoots. In case of 
MgSO4 only higher concentrations causes 20% 
shoot phtotoxicity.  

 

Independent variables Dependent variables 

 Germination (%) Rate of germination Seed vigor index 
(SVI) 

Seedling tolerance 
index (STI) 

Salt type (S) 4.670** 
 

6.276** 
 

3.45* 
 

5.276** 
 

Concentration (C) 20.364*** 
 

27.849*** 
 

5.611** 
 

28.330*** 
 

SXC 4.798*** 
 

3.295*** 
 

23.124*** 
 

3.517*** 
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Fig.1. Effect of type of salts on percent seed germination of Vigna mungo at ambient 

temperature (25-35
o
C). The symbols on scatter lines represents the Mean + S.E. 
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Fig.2. Effect of different salts on shoot and root length of Vigna mungo in different 
salts treatments, Bars with similar letters shows non significant effect within each salt 
concentrations.(Bonferroni, P < 0.05)
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Fig.5. Seedling tolerance index of Vigna mungo under different salts treatment. Bars 

having the same letters within each salt concentrations are non significantly different from 

each other.(Bonferroni test, P < 0.05)
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The phytotoxicity trend of shoot/root in 
different salts was as follows Na2CO3> NaHCO3> 
NaCl> KCl> Na2SO4> MgSO4 (Fig. 4).  

Effect of different salts on seedling tolerance 
index: 

The result of the study of seedling tolerance 
index (STI) of Vigna mungo shows that increase 
in salinity substantially decreased the STI (Fig. 5). 
In NaCl and Na2SO4 a non-significant effect of low 
salinities (2 and 4 dSm

-1
) with 80% STI was 

observed whereas the high concentrations of the 
salts significantly affected the index value and 
completely reduced the seedling tolerance. The 
Na2CO3 and NaHCO3 salts were greatly 
obstructed the seedling tolerance of Vigna mungo 
and only 35% STI was observed at 4 dSm

-1
 in 

both salts. The inhibiting effect of different salts on 
STI was as Na2CO3> NaHCO3> NaCl> KCl> 
Na2SO4> MgSO4 (Fig. 5). 

 
DISCUSSION 

Salinization is the most considerable abiotic 
factor of agriculture lands which adversely affects 
the soil fertility, seed germination and growth of 
plants (Ashkan and Jalal, 2013). Seed 
germination is the fundamental process in the 
initiation of plant life cycle in which the stored 
reserved material within seed becomes hydrolyze 
by the absorption of water which leads further 
metabolic processes and the seedling emerges 
(Ghanand et al. 2016); (Ratnakar and Rai, 2013). 
This natural process spoils due to increase of soil 
salinity and for seed it find problematic to take out 
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water from soil for seed imbibition (Ouji et al. 
2015); (Zhang et al. 2010). The germination 
during stress condition is inhibited because of 
different osmotic potential at different 
concentrations which influences the germination 
in unusual manner. The seeds of Vigna mungo 
germinated best in non-saline (control) conditions 
and germination decreased with the increase in 
salinity, similar results were reported in studies of 
other crops (Galal et al. 2015); (Sarker et al. 
2014); (Patil et al. 2012); (Naseri et al. 2012); 
(Singh et al. 2011); (Bojovic et al. 2010). 
Differential response of Vigna mungo germination 
was found in different salts. Sodium salts were 
found highly inhibitory for seed germination while 
MgSO4 and KCl were not that inhibitory and it 
would be due to specific ionic effect in the 
medium. The highest reduction in percent 
germination and rate of germination was found in 
NaHCO3 and Na2CO3 and proved to be toxic for 
seed germination. This result was in agreement 
with the findings of (Zahedi et al. 2011).  

Vigor is that property of seed which decides 
the successful imminent growth and 
establishment of the seedlings in various 
environmental conditions but this seed 
characteristic becomes vanished under salt stress 
(Hokmalipour, 2015); (AOSA, 2002). In the 
present study different salts showed significant 
effect on the seed vigor of Vigna mungo. The 
lowest seed vigor was recorded due to Na2CO3 
and NaHCO3. Seed vigor and ability of normal 
plant survival decreased due to salinity on various 
crops (Safanejad and Hamidi, 2008); (Salami et 
al. 2006). 

Early seedling growth of any plant species is a 
fundamental stage especially when seed 
incorporate with stress conditions. When Vigna 
mungo seedlings treated with salinity the shoot 
and root growth was affected and there was a 
reduction in length under all salts type but the 
reduction was immensely in Na2CO3 and 
NaHCO3. Similarly the increased salinity levels 
and pH of the solution reduced the seedling 
growth in Medicago sativa (Li et al. 2010) and 
Helianthus annuus (Shi and Sheng, 2005). High 
osmotic potential of the saline soil medium retards 
the water absorbance and the salts deposition in 
the cells increases the cell wall rigidity which 
leads to reduction in cell enlargement and 
synthesis of some biomolecules and causes 
decline in plant growth (Ouji et al. 2015); 
(Ramgopal, 1990). It was noticed in the present 
study that root growth was more influenced by the 
salt treatments as compared to shoot growth. 

However, among the salts used the reduction was 
higher in Na2CO3 and NaHCO3 salts. Roots are 
the part of plant body which has direct and first 
access to salts solutions and there growth retards 
eventually more than shoot growth (Rengasamy, 
2006). In the previous studies of same kind root 
length of Plantago ovata, Vigna aconitifolia and 
Brassica rapa was also shorter than shoot length 
(Ghanad et al. 2016); (Patil et al. 2012); (Karimi 
and Pak, 2012). 

Shoot and root fresh weight and dry weight of 
Vigna mungo seedlings decreased in salinity just 
like it happened in seedlings of Trigonella foenum-
graecum (Ratnakar and Rai, 2013), Plantago 
ovata (Karmi and Pak 2012), maize (Cha-um and 
Kirdmane 2009) and rice (Jamil and Rha 
2007).Water deficiency in salt stress alters certain 
physiological processes and causes the 
membrane desiccation which may cause 
reduction in seedling fresh weight (Upaghyay et 
al. 2012). Whereas, inappropriate uptake and 
utilization of nutrients are responsible for loss in 
shoot/root dry weight under salt stress (Atak et al. 
2006).  

The retardation of growth in salinity also 
influences the seedling tolerance index (STI) and 
increases the shoot/root phytotoxicity. The STI of 
Vigna mungo was greatly affected by the increase 
of all salts concentrations. Salinity exerts the 
primary effect by generating high osmotic 
potential and ionic toxicity in the growth medium 
and influences the plant growth (Amira and 
Qados, 2011). Secondary effects bring the 
changes in Na

+
/K

+
 ratio uptake by disintegrating 

the membrane permeability and produce the 
reactive oxygen species (Karimi and Pak, 2012); 
(Agarwal and Panday, 2004). Once the plant 
processes disturbs its tolerance against salinity 
gradient decreases.  

CONCLUSIONS 
It is concluded; each salt had its specific effect on 
germination and growth parameters of Vigna 
mungo. The presence of alkali salts (Na2CO3 and 
NaHCO3) in the medium was more severe than 
other salts and the germination and seedling 
growth of Vigna mungo was greatly affected under 
alkalinization. MgSO4 is comparatively beneficial 
for seed germination and growth. 
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