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Abstract
Seventeen mungbean varieties [Vigna radiata (L.) R. Wilczek] were subjected to 100-400 mM salinity
stress at the germination stage, and the indices of seed germination and early seedling growth were analysed..
With the increasing salinity, seed germination and seedling growth attributes were affected in all varieties.
Principal component analysis and hierarchical cluster analysis of varietal responses on the germination and
seeding growth attributes at 400 mM NaCl separated seventeen varieties into four distinct clusters. Principal
component analysis at lower salt stress levels indicated that the attributes of germination and early seedling
growth are reliable to identify salt-tolerant mungbean varieties. In contrast, only germination attributes are
reliable at higher salinity levels. Two salt-susceptible and salt-tolerant varieties were further assessed for NaClinduced physiological and biochemical changes. Levels of proteins, secondary metabolites, osmolyte, and
antioxidants were increased at lower salt concentrations but reduced at higher salt concentrations.
Photosynthetic pigments decreased and membrane damage increased under salinity. Varieties that showed
tolerance to salt stress can be used in salinity-affected agriculture fields after validating their salt tolerance in
field experiments.
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Introduction
Mungbean is an economically important pulse crop grown in many parts of the world. It is an important
protein source rich in fibbers, amino acids, fatty acids, vitamins, and minerals. Salt stress is one of the major
abiotic stress in mungbean production, which results in a decrease in growth and productivity (Nair et al.,
2019). Cations such as Na+, Ca2+, and Mg2+ and anions such as Cl-, SO42- and HCO3- are the most common
ions present in saline soil. Since the soils deteriorate due to Na+ in particular and Na+ and Cl- both are toxic to
plants, NaCl is considered the most critical salt (Yadav et al., 2011). Excess NaCl in the surroundings and inside
the cell impairs germination, morpho-physiological, photosynthetic, and biochemical processes and culminates
in a threat to the plant’s growth and survival (Sehrawat et al., 2019).
Seed germination is an important agronomic and ecological process that determines the growth and
productivity of higher plants. Screening of mungbean varieties at seed germination and early seedlings stage for
stress tolerance is practical because plants are more susceptible to environmental stresses at the initial stages
(Vibhuti et al., 2015). Salinity adversely affects cellular and metabolic processes like photosynthesis, synthesis
of proteins, nucleic acids, lipids, and carbohydrates, mechanisms detoxifying reactive oxygen species (ROS),
and the levels of secondary metabolites (Parida and Das, 2005). Sustained seed germination, improved root and
shoot growth, levels of photosynthetic pigments, and biochemical parameters confer salt tolerance during the
initial phase of stand establishment. The crop varieties that are likely to have the mechanisms to avoid or
tolerate salinity are precious and required for such harsh environments. Since mungbean varieties have
performed differently under salinity stress (Nawaz et al., 2020), a plant-based solution demands a thorough
screening of tolerant crop varieties for better yield under a saline environment.
In light of this, the present investigation was undertaken with two objectives- i) identify mungbean
varieties tolerant to salt stress during seed germination, and ii) analyse effects of NaCl salt stress on key
physiological and biochemical parameters during seed germination and early seedling growth of salt-tolerant
and salt-susceptible varieties.

Materials and Methods

Seed collection, growth, and treatment conditions
Healthy seeds of the following seventeen certified varieties of mungbean were procured: ‘VBN(Gg)2’
and ‘VBN(Gg)3’ (National Pulses Research Centre, Tamil Nadu Agricultural University, Vamban), ‘IPM 4013’, ‘IPM 302-2’, ‘IPM-2K-14-9’, ‘IPM 2-3’, ‘IPM 2-14’, and ‘IPM 99-125’ (Indian Institute Of Pulse Research,
Kanpur), ‘PKU-AKM-4’, ‘PKU-AKM 12-28’, ‘PKU-AKM 8802’, and ‘PKV Greengold’ (Pulses Research
Unit, Akola), ‘DGGV-2’ (ICAR-Indian Institute for Pulses Research Regional Research Center, UAS
Campus, Dharwad, Karnataka). The seeds of ‘Utkarsha’, ‘Samrat’, ‘SML 668’, and ‘Swati 4’ were collected from
the local market.
Seeds were surface sterilized with 0.1% HgCl2 for three min and subsequently washed five times with
distilled water. Ten Seeds were set to germinate on a double-layered germination paper placed in sterile Petri
plates (90 mm). The germination paper was moistened with 10 ml of 100 to 400 mM of NaCl solutions. The
control was set by moistening the germination paper with 10 ml of distilled water. Petri plates were incubated
in the dark at 25±2 °C for ten days. The experiment was performed in triplicate, and each replicate had ten
seeds, and germination counts were taken on each day.

Germination attributes
After the germination run of ten days, seed germination was analysed by computing: final germination
percentage (FGP), germination rate index (GRI), and germination index (GI) by following Kader (2005) and
Timson germination index (TGI) as per Timson (1965).
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Growth attributes
Five seedlings were randomly selected on the 11th day. Their growth was measured in terms of shoot
length (SL), root length (RL), number of secondary roots (SR), fresh weight (FW), dry weight (DW), percent
tissue water content (%TWC) as described by (Shelke et al., 2017), and seedling vigour (SV) as per Abdul-Baki
and Anderson (1973).
The multivariate analysis tools such as PCA and HCA are used to differentiate samples having different
biological statuses, quality, and origin (Chunthaburee et al., 2015). Therefore, PCA and HCA were used to
identify stress-tolerant mungbean varieties. This analysis grouped seventeen varieties into clusters based on
their responses under NaCl salt stress. STIs of attributes were subjected to PCA and HCA to evaluate the salt
tolerance level in seventeen mungbean varieties. The salt tolerance indices (STIs) were calculated by dividing
the value observed on an attribute under a given salinity level by the weight on the same attribute in control
(Chunthaburee et al., 2015).

Selection of varieties for photosynthetic and biochemical analysis
The most tolerant and susceptible varieties were selected for photosynthetic and biochemical analyses
based on germination and growth attributes in all varieties. IC50 is the inhibitory concentration of salt at which
the seed germination is inhibited by 50%. The IC50 treatment of salt stress in the most susceptible variety was
used for further experiments along with one concentration below and above the IC50 concentration. Seeds
were surface sterilized with 0.1% HgCl2 for three min and subsequently washed five times with distilled water.
Ten Seeds were set to germinate on a double-layered germination paper placed in sterile Petri plates (90 mm).
The germination paper was moistened with 10 ml of 75, 100, and 125 mM NaCl solutions. The control was
set by moistening the germination paper with 10 ml of distilled water. Seedlings were allowed to grow under
controlled conditions (25±0.5 °C and 16:8 h Light: dark photoperiod) for up to ten days. After ten days, five
seedlings were selected, and the shoots and roots of seedlings were harvested separately for further analysis. The
experiment was performed in triplicate, and each replicate had ten seeds.

Photosynthetic pigments and biochemical analysis
The photosynthetic and biochemical parameters were estimated spectrophotometrically on a
microprocessor-based UV-Vis spectrophotometer (Bioera, India).
Chlorophyll content was estimated by Arnon's (1949) method. The carotenoid content was estimated
by Maclachlan and Zalik's (1963) method. The anthocyanins were estimated by Mancinelli's (1984) method.
Protein content was estimated by the Lowry et al. (1951) method with bovine serum albumin (BSA) as a
standard protein. Malondialdehyde (MDA) (nmol/g dry weight) was estimated by Heath and Packer's
(1968)method. Total phenolics were estimated by Swain and Hillis's (1959)method, and gallic acid was used
as a standard phenol. Total flavonoids were estimated by the Balbaa et al. (1974)method, and rutin was used as
a standard flavonoid. The proline content was estimated by the Bates et al. (1973)method. Total amino acid
content was estimated by Lee and Takahashi's (1966)method, and L-Serine was used as a standard amino acid.
Total sugar content was estimated by Scott and Melvin's (1953) method, and D-glucose was used as a standard
sugar. The radical scavenging activity (%RSA) was estimated using the Blois (1958) DPPH method.

Statistical analysis
All the experiments were performed with three replicates in a completely randomized block design
(CRD). Each replicate had ten seeds. The data were analysed by one-way analysis of variance (ANOVA) using
SPSS software version 20. Mean values of treatments were compared using Duncan’s multiple range test
(DMRT) at P ≤ 0.05. The data were presented as a mean ± standard deviation. The PCA of salt tolerance
indices (STIs) was performed using the PAST statistical package (Hammer et al., 2001). Parameters that
showed a higher contribution to PCA were subjected to HCA. Ward’s complete linkage clustering method
and squared Euclidean distance were used for HCA performed in SPSS software version 20.
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Results and Discussion

Effect of salt stress on seed germination
The increasing salt concentration affected all the seed germination attributes (FGP, GI, GRI, and TGI)
in all varieties. At 100 mM NaCl, FGP, GI, GRI, and TGI were reduced drastically in ‘VBN(Gg)’ up to 54%,
56%, 61%, and 56%, respectively. Relatively lesser reductions were observed in all germination parameters in
‘IPM 401-3’, ‘IPM 302-2’, ‘IPM 99-125’, ‘PKU-AKM 12-28’, ‘PKV Greengold’, ‘DGGV-2’, ‘PKU-AKM 4’,
‘PKU-AKM 8802’, and ‘Samrat’. These varieties showed the highest FGP (100%). ‘PKV Greengold’ had the
highest GRI, GI, and TGI (100%) among those varieties that germinated at 100 mM NaCl. At 200 mM NaCl,
‘VBN (Gg)3’ showed a significant reduction of 84.61%, 90.47%, 94.49%, 90.47% in FGP, GI, GRI, TGI,
respectively. However, ‘PKV Greengold’, ‘PKU-AKM 4’, ‘PKU-AKM 8802’, ‘IPM 302-2’, and ‘Swati-4’
showed less reduction without any significant difference. At 300 mM, more than 50% reduction in
germination was observed in ‘IPM 2-3’, ‘DGGV-2’, ‘PKU-AKM 4’, ‘Swati 4’, ‘IPM 99-125’, and ‘VBN(Gg)2’.
The highest germination (FGP) was observed in ‘PKU-AKM 8802’ (96.66%), followed by ‘PKU-AKM 12-28’
(76.66%). These two varieties showed the highest GI, GRI, and TGI. At 400 mM NaCl, only seed germination
indices were calculated. ‘VBN(Gg)2’ and ‘VBN(Gg)3’ did not germinate at this highest salt-stress level. Less
reduction in FGP was observed in ‘PKU-AKM 8802’ (46.6%), followed by ‘PKU-AKM 12-28’ (50%). GI and
TGI were reduced by 70.66% in ‘PKU-AKM 12-28’ and 64.66% in ‘PKU-AKM 12-28’. A higher reduction in
GI and TGI was observed in all other varieties.
FGP, GI, GRI, and TGI are helpful to analyse the effects of stress on seed germination (Kader, 2005).
Reduced seed germination resulted in weak growth and development in ‘VBN(Gg)3’ and ‘VBN(Gg)2’ and
reflected a crucial determinant for salinity tolerance. Salinity affects water and nutrient uptake during seed
germination by creating osmotic and ionic imbalances that reduce germination potential (Pandey and Penna,
2017). Podder et al. (2020) have reported a similarly reduced mungbean germination under salinity. Decreased
seed germination with increased salt concentration was also reported in wheat (Bagwasi et al., 2020) and rice
(Öner et al., 2020). Therefore, germination attributes are the most critical and valuable attributes that reflect
time, rapidity, uniformity, and synchronization in seed germination under salt stress.

Effect of salt stress on seedling development
Salt stress causes a detrimental effect on root growth as roots are directly in contact with salt. Root
growth directly correlates with other seedling growth attributes such as shoot length, secondary root, and
biomass production. Early seedling growth parameters such as SL, RL, SR, SV, FW, DW, and %TWC are
helpful attributes for screening salt-tolerant varieties since these attributes are also affected by salinity (Shelke
et al., 2017). Various early seedling growth parameters such as SL, RL, SR, SV, FW, DW, TWC% were affected
by salt stress. At 100 mM NaCl, SL was reduced by more than 50% in all varieties screened, but a severe
reduction was observed in ‘IPM 401-3’, ‘IPM-2K-14-9’, and ‘Swati-4’. The RL was more reduced in ‘PKUAKM 4’ than ‘PKV Greengold’. Seedling vigor was dramatically reduced by more than 70% in ‘VBN (Gg)3’
and ‘IPM-2K-14-9’, and up to 34% reduction was observed in ‘PKV Greengold’ and ‘IPM995’. SR was reduced
by nearly 70% in I’PM 2-14’ and ‘Swati-4’. More than 50% reduction in FW was observed in almost all varieties.
Moreover, a more significant reduction in FW and DW was noted in ‘DGGV-2’. TWC was reduced by 2-7%.
At 200 mM NaCl, 84 to 94% reduction in SL was observed in all varieties. ‘VBN (Gg)3’, ‘IPM 2-3’, and
‘IPM 2-14’ showed more than 83% reduction in root length than other varieties. More than 80% reduction in
SV was observed in all varieties; however, ‘VBN (Gg)3’ showed the highest reduction (98%). Secondary roots
were not developed in ‘VBN(Gg)2’, ‘VBN(Gg)3’, ‘IPM 401-3’, ‘IPM 2-3’, ‘IPM 2-14’, ‘PKV Greengold’, ‘PKUAKM 4’, and ‘Samrat’. FW was reduced up to 84-96%. Among these varieties, ‘DGGV2’ had the least, and
‘Swati-4’ had a maximum reduction in FW. DW was reduced by 68-91%, with a greater reduction in ‘Swati-4’
among all varieties screened. TWC% was less reduced in ‘DGGV2’ than other varieties. A greater reduction in
TWC% was observed in ‘Swati-4’. At 300 mM NaCl, all the varieties screened showed SL and RL reduced by
4
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up to 90%. There was not a significant difference in SL and RL in all the varieties. However, SV was less reduced
in ‘PKU-AKM 8802’ and ‘PKU-AKM 12-28’ compared to other varieties. At 300 mM, FW was reduced to
95-97% in all varieties without significant differences in FW. The DW was reduced by 7-11% in all varieties.
TWC% was reduced between 80-94% except in Utkarsha, which showed up to 66% reduction. At 400 mM
NaCl, SL, RL, and SV were not measurable due to poor seedling growth, and only germination indices were
the key parameters. At 400 mM NaCl, FW, DW, and TWC% could not be calculated.
These results corroborate those by (Rahneshan et al., 2018) in Pistacia vera. The number of secondary
roots (SR) differed in different varieties at low salt concentrations. SR was poorly developed in a few varieties
with the increased salt concentration. In few varieties, SR was not developed at and above 300 mM NaCl salt
stress. The number of secondary roots decreased with increased salinity in soybean varieties and was a
deterministic feature under salinity (Shelke et al., 2017). SV was reduced in all varieties at low salinity levels.
However, it was reduced by more than 70% in all varieties at 200 mM NaCl. At higher salt concentrations, the
differences in the reduction observed in all the varieties were negligible. The highest reduction was observed in
‘VBN(Gg)3’. A similar decrease in SV was observed in rice varieties subjected to salt stress (Datir et al., 2020).
Seedling fresh weight, dry weight, and tissue water content reduced with increasing salt concentration. The
reduction in these attributes affects the absorption of water and essential minerals. It also reduces root pressure,
water, and mineral flow, and their transport from root to shoot, and thus the growth and development of plants
(Liu et al., 2020). Our results are in line with Rahman et al. (2016), who have reported a variety-dependent
reduction in SL, RL, DW, FW, and SV with increased salinity. These, therefore, appear to be deterministic
features in mungbean varieties as well. A similar result was reported in rice (Datir et al., 2020) and soybean
(Shelke et al., 2017).
In summary, a stepwise increase in salinity caused a progressive reduction in seed germination and
affected early seedling growth parameters in all mungbean varieties screened in the present investigation. These
varieties showed varied responses to salinity stress from low to high salinity levels. For example, at 100 mM
NaCl, the ‘Samrat’ variety was resistant, but it was salt-susceptible at a higher level of 400 mM NaCl. At 100
mM and 200 mM NaCl, germination parameters such as FGP, GI, TGI, GRI, and early seedling growth
parameters such as SV, RL, SL, SR, FW, DW, and %TWC are vital parameters to assess salinity responses in
different varieties and can be used alternatively. However, at higher salinity levels of 300 mM and 400 mM,
only germination parameters such as FGP, GI, TGI, and GRI are critical to assess salt-tolerance response
because of poor SL and RL in seedlings. Further, SL, RL, FW, DW, SV were reduced by more than 80% at and
above 200 mM NaCl, and SR was absent at and above 300 mM NaCl in all varieties. ‘VBN(Gg)3’ was highly
susceptible at all salinity levels, and it did not germinate at and above 300 mM NaCl. Likewise, ‘VBN(Gg)2’
also did not germinate at 400 mM NaCl. PKU-AKM 12-28 showed the highest tolerance at all salinity levels.
The results showed significant differences in germination indices across varieties subjected to 400 mM
NaCl stress (Table 1). PCA and HCA analyses were performed using germination indices of seedlings of
seventeen mungbean varieties exposed to 400 mM NaCl (Table 2) to discriminate them based on their
tolerance levels. FGP, GRI, GI, and TGI are essential to understand time, rapidity, uniformity, rate, and
synchronization of seed germination (Kader, 2005). The higher the FGP, the higher is the population size.
Higher GI is shown by seeds having a greater germination percentage and also a high rate of germination. Thus,
if seed germination is higher and faster, it results in a better GRI (Kader, 2005). The Timson germination index
(TGI) is an important and widely used parameter to assess the seed germination rate (Timson, 1965).
‘VBN(Gg)3’ and ‘VBN(Gg)2’ did not germinate at this salt stress level, and hence their germination indices
were zero, while ‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’ showed the highest germination indices due to
their salt-tolerant nature.
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Table 1. Seed germination parameters in seventeen mungbean varieties under control and 400 mM NaCl
stress
Variety
NaCl (mM)
FGP (%)
GI
GRI
TGI
0
86.67 ± 5.77
41.67 ± 3.06
7.83 ± 1.04
83.33 ± 6.11
‘VBN(Gg)2’
400
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0
86.67 ± 5.77
42.00 ± 1.73
8.07 ± 0.12
84.00 ± 3.46
‘VBN(Gg)3’
400
0.00 ±0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0
100.00 ±0.00
43.00 ± 0.58
7.17 ± 0.00
86.00 ± 0.00
‘IPM 401-3’
400
33.33 ± 5.77
13.00 ± 1.73
1.56 ± 0.10
26.00 ± 3.46
0
100.00 ±0.00
50.00 ± 0.00
10.00 ±0.00
100.00 ± 0.00
‘IPM 302-2’
400
33.33 ±15.28
11.33 ± 4.93
1.36 ± 0.63
22.67 ± 9.87
0
90.00 ±10.00
42.33 ± 4.16
8.36 ± 0.55
84.67 ± 8.33
‘IPM-2K-14-9’
400
33.33 ± 5.77
8.67 ± 2.08
1.00 ± 0.22
17.33 ± 4.16
0
100.00 ±0.00
47.67 ± 0.58
8.83 ± 0.29
95.33 ± 1.15
‘IPM 2-3’
400
23.33 ±11.55
4.67 ± 2.31
0.58 ± 0.29
9.33 ± 4.62
0
100.00 ±0.00
46.67 ± 2.52
9.08 ± 0.52
93.33 ± 5.03
‘IPM 2-14’
400
30.00 ±10.00
7.33 ± 0.58
0.95 ± 0.14
14.67 ± 1.15
0
100.00 ±0.00
44.67 ± 0.58
7.33 ± 0.29
89.33 ± 1.15
‘IPM 99-125’
400
33.33 ±15.28
14.00 ± 2.65
2.08 ± 0.14
28.00 ± 5.29
0
100.00 0.00
50.00 ± 0.00
10.00 ±0.00
100.00 ± 0.00
‘PKU-AKM 12-28’
400
50.00 ±17.32
14.67 ± 4.04
1.75 ± 0.50
29.33 ± 8.08
0
100.00 ±0.00
50.00 ± 0.00
10.00 ±0.00
100.00 ± 0.00
‘PKV Greengold’
400
13.33 ± 5.77
5.67 ± 2.89
0.94 ± 0.77
11.33 ± 5.77
0
100.00 ±0.00
50.00 ± 0.00
10.00 ±0.00
100.00 ± 0.00
‘DGGV-2’
400
36.67 ± 5.77
15.33 ± 2.08
2.22 ± 0.19
30.67 ± 4.16
0
100.00 ±0.00
5]0.00 ± 0.00
10.00 ±0.00
100.00 ± 0.00
‘PKU-AKM-4’
400
10.00 ± 0.00
4.33 ± 0.58
0.50 ± 0.00
8.67 ± 1.15
0
100.00 ±0.00
50.00 ± 0.00
10.00 ±0.00
100.00 ± 0.00
‘PKU-AKM 8802’
400
53.33 ±11.55
17.67 ± 5.77
2.03 ± 0.82
35.33 ± 11.55
0
96.67 ± 5.77
39.00 ± 3.00
6.14 ± 0.76
78.00 ± 6.00
‘Utkarsha’
400
30.00 ±10.00
6.67 ± 3.06
0.81 ± 0.34
13.33 ± 6.11
0
100.00 ±0.00
48.00 ± 1.00
9.00 ± 0.50
96.00 ± 2.00
‘SML 668’
400
20.00 ±10.00
4.67 ± 1.53
0.56 ± 0.21
9.33 ± 3.06
0
100.00 ±0.00
47.33 ± 0.58
8.67 ± 0.29
94.67 ± 1.15
‘Swati 4’
400
26.67 ± 5.77
5.33 ± 1.15
0.67 ± 0.14
10.67 ± 2.31
0
100.00 ±0.00
49.67 ± 0.58
9.83 ± 0.29
99.33 ± 1.15
‘Samrat’
400
6.67 ± 11.55
1.67 ± 2.89
0.23 ± 0.40
3.33 ± 5.77
FGP: final germination percentage, GI: germination index,, GRI: germination rate index,, TGI: Timson germination
index. (Values represent mean± standard deviation)

The germination indices were converted to STIs (Table 2) subjected to PCA and HCA. The PCA
(Figure 1) showed the discrimination of varieties. PC1 and PC2 described 95.42% and 3.82% of the variance.
The eigenvalue of PC1 and PC2 constituted 3.82% and 0.15% of the variation, respectively. PC1 positively
correlated with GI (0.99), TGI (0.99), GRI (0.97), and FGP (0.95). PC2 had a positive correlation with only
FGP (0.31), and all other parameters showed a negative correlation. The ‘PKU-AKM 8802’, ‘PKU-AKM 1228’, ‘DGGV-2’, ‘IPM 99-125’, and ‘IPM 401-3’ ranked positively with PC1 due to higher germination
parameters, whereas ‘VBN(Gg)3’, ‘VBN(Gg)2’, and ‘Samrat’ ranked negatively where all the parameters were
suppressed. The STIs of GI, TGI, GRI, and FGP ranged between 0.00 to 0.35, 0.00 to 0.35, 0.00 to 0.22, and
6
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0.00 to 0.53, respectively. The ‘VBN(Gg)2’ failed to germinate at this NaCl concentration. The highest STIs
for germination parameters were observed in ‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’.
Table 2.
2 Stress tolerance indices (STIs) of seed germination parameters of seventeen mungbean varieties
under 400 mM NaCl salt stress
Variety
FGP
GI
GRI
TGI
‘VBN(Gg)2’
0
0
0
0
‘VBN(Gg)3’
0
0
0
0
‘IPM 401-3’
0.33
0.3
0.22
0.3
‘IPM 302-2’
0.33
0.23
0.14
0.23
‘IPM-2K-14-9’
0.37
0.2
0.12
0.2
‘IPM 2-3’
0.23
0.1
0.07
0.1
‘IPM 2-14’
0.3
0.16
0.1
0.16
‘IPM 99-125’
0.4
0.31
0.28
0.31
‘PKU-AKM 12-28’
0.5
0.29
0.18
0.29
‘PKV Greengold’
0.13
0.11
0.09
0.11
‘DGGV-2’
0.37
0.31
0.22
0.31
‘PKU-AKM 4’
0.1
0.09
0.05
0.09
‘PKU-AKM 8802’
0.53
0.35
0.2
0.35
‘Utkarsha’
0.31
0.17
0.13
0.17
‘SML 668’
0.2
0.1
0.06
0.1
‘Swati 4’
0.27
0.11
0.08
0.11
‘Samrat’
0.07
0.03
0.02
0.03
(FGP: final germination percentage, GI: germination index,, GRI: germination rate index,, TGI: Timson germination
index)

Figure 1. Biplot of principal components 1 and 2 of the PCA obtained from germination data on seventeen
mungbean varieties exposed to 400 mM NaCl
FGP: final germination percentage,, GI: germination index,, GRI: germination rate index,, TGI: Timson germination
index..
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PCA results were further confirmed by cluster analysis, which was performed on parameters responsible
for most of the variation accounted for by PC1 and PC2. At 400 mM NaCl, SL, RL, and SV were not
measurable due to poor seedling growth. Only germination indices were the key parameters to separate all
varieties into four clusters at the highest salinity level (400 mM NaCl) (Fig 2). The ‘VBN(Gg)2’, ‘VBN(Gg)3’,
and ‘Samrat’ from cluster I represent a highly susceptible group of varieties with low germination indices. ‘IPM
2-14’, ‘Utkarsha’, ‘IPM 302-2’, and ‘IPM-2K-14-9’ separated in cluster II represented moderately susceptible
varieties. In contrast, ‘IPM 2-3’, ‘SML 668’, ‘Swati 4’, ‘PKV Greengold’, and ‘PKU-AKM-4’ separated in cluster
III are moderately tolerant varieties. This separation is because of better germination indices in cluster II than
cluster III. The ‘PKU-AKM 12-28’, ‘PKU-AKM 8802’, ‘IPM 401-3’, ‘DGGV-2’, and ‘IPM 99-125’ varieties
separated in cluster IV represent salt-tolerant varieties with higher germination compared to all other clusters.

Figure 2. Hierarchical cluster analysis based on germination parameters on seventeen mungbean varieties
subjected to 400 mM NaCl stress

Effect of salt stress on photosynthetic and biochemical attributes at early seedling growth in mungbean
varieties
Two salt susceptible varieties (‘VBN (Gg)3’ and ‘VBN (Gg)2’) and two salt-tolerant varieties (‘PKUAKM 12-28’ and ‘PKU-AKM 8802’) were selected to explore the salt-responsive photosynthetic and
biochemical attributes at early seedling growth. These varieties were subjected to 75, 100, and 125 mM NaCl
stress, and various photosynthetic and biochemical parameters in shoot and root biomass were measured.

Effect of salt stress on photosynthetic pigments
Salinity alters photosynthetic, biochemical, physiological, and metabolic processes, the extent of which
varies with the level of stress and ultimately limits crop productivity (Shahid et al., 2020). Plant growth is
severely affected due to alteration in photosynthesis. Photosynthesis is hampered under salinity stress due to a
reduction in chlorophyll contents or synthesis (Shin et al., 2020).
In the present study, amounts of photosynthetic pigments, carotenoids, and anthocyanins were
significantly reduced under salt stress (Figure 3A-3E). Damage to the photosynthetic pigments increased with
the increasing salt concentration (Figure 3A-3E) and the 125 mM NaCl stress was the most damaging. These
results corroborate those by Datir et al. (2020) in wheat and Regni et al. (2019) in olive. Low chlorophyll
8
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content observed in mungbean plants under salinity may be associated with increased oxidative stress (Regni et

al., 2019) and the activation of chlorophyll degradation by the chlorophyllase enzyme (Datir et al., 2020).
Salinity also affected carotenoid contents in mungbean varieties. Carotenoid levels were relatively less
affected in ‘PKU-AKM 12-28’ at 75 and 100 mM NaCl concentration (Figure 3D). At the highest salinity
stress level, the maximum reduction in carotenoids was observed in ‘VBN(Gg)3’. Similar results were reported
by Romanenko et al. (2017) in the alga Acutodesmus dimorphus. The enhanced carotenoid content improved
salt tolerance in VBN(Gg)2. This result confirms carotenoid’s potential role as antioxidants to detoxify ROS
effects in plants during salinity stress (Verma and Mishra, 2005).
Literature is meager on anthocyanin levels in the vegetative tissue under salt stress. Anthocyanin content
was marginally high in ‘PKU-AKM 12-28’ at 125 mM NaCl, whereas the other three varieties showed a 3035% decrease in anthocyanin content (Figure 3E). High anthocyanin content was shown to induce an active
protective response in Oryza sativa under salinity stress (Chutipaijit et al., 2009). Eryilmaz (2006) had observed
that chlorophyll content decreases, whereas anthocyanin content is elevated in different parts of seedlings
under salinity. In sorghum, Jeon et al. (2020) have reported an increased anthocyanin production in salttolerant genotype ‘Nampungchal’ and reduced anthocyanin levels in the salt-susceptible ‘Sodamchal’ genotype.
The mechanism of anthocyanin biosynthesis under salt stress is poorly understood and needs to be explored in
detail (Eryilmaz, 2006).

(A)

(B)

(C)

(D)

(E)
Figure 3. Effect of salt stress on plant pigments of 10-day old seedlings of Vigna radiata varieties
A) Chlorophyll ‘a’; B) Chlorophyll ‘b’; C) Total chlorophyll; D) Carotene and E) Anthocyanin content. Each value
represents the mean of three replicates, and the vertical bar indicates the standard deviation. Small letters denote
significant difference between treatments, and capital letters denote significant difference between varieties at a 0.05%
significance level as per Duncan’s Multiple Range Test (DMRT)
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Effect of salt stress on protein content
The biochemical attributes were indeed influenced by increasing salt concentration in the selected four
varieties. Protein content was increased upon exposure to salt stress in all varieties. Shoot protein content
increased significantly under salt stress in ‘PKU-AKM 12-28’ (1.01-fold and 1.23-fold), followed by ‘PKUAKM 8802’ (0.75 and 0.91-fold) at 100 and 125 mM NaCl concentration, respectively (Figure 4A). In ‘VBN
(Gg)2’ and ‘VBN (Gg)3’, protein content increased relatively less compared to control at the highest salt
concentration. In ‘VBN (Gg)3’, protein content increased at 100 mM NaCl but decreased at 125 mM NaCl.
Root protein was increased dramatically in ‘PKU AKM 12-28’ (2.1-fold) and ‘PKU-AKM 8802’ (1.32fold) at 100 mM NaCl compared to ‘VBN (Gg)2’ (41%) and ‘VBN (Gg)3’ (0.26-fold) (Figure 4B). Protein
content was high at all NaCl concentrations in ‘PKU AKM 12-28’ and ‘PKU-AKM 8802’. The higher protein
content in susceptible varieties could be due to enhanced detoxification pathways (Alharby et al., 2019). Under
salinity, plants significantly increase the levels of proteins such as photosynthetic pathway proteins, enzymes
involved in scavenging ROS and osmolyte biosynthesis, late embryogenesis abundant proteins (LEA proteins),
and membrane proteins, and carbohydrate and energy metabolism proteins (Arif et al., 2020).

(A)

(B)
Figure 4. Effect of salt stress on the protein content of 10-day old seedlings of Vigna radiata varieties
A) Shoot protein content and B) Root protein content. Each value represents the mean of three replicates, and the
vertical bar indicates the standard deviation. Small letters denote significant difference between treatments, and capital
letters denote significant difference between varieties at a 0.05% significance level according to Duncan’s Multiple
Range Test (DMRT)

Effect of salt stress on lipid peroxidation
MDA, an output of oxidative stress and membrane damage, was used to measure the intensity of
membrane damage in shoots and roots exposed to salinity stress (Campo et al., 2014). Untreated normal
seedlings have lower MDA content due to relatively less membrane damage caused by reactive oxygen species
(ROS) generated as a by-product of plant aerobic metabolism. Various environmental stresses result in
excessive ROS production, causing progressive oxidation of membranes (Sharma et al., 2012), and therefore,
10
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elevated MDA levels. Increased salt concentrations elevated the MDA content in mungbean, and it can be used
as a vital biomarker to discriminate crop varieties. Membrane damage increased with increasing salt
concentration from 75-125 mM NaCl. In the shoot, MDA content was significantly increased in ‘VBN (Gg)2’
by 1.43-fold and by 1.81-fold in ‘VBN (Gg)3’ as compared to ‘PKU-AKM 12-28’ (0.7-fold) and ‘PKU-AKM
8802’ (1.1-fold) at 75 mM NaCl. Further, it increased in ‘VBN (Gg)3’ by 2.53-fold than in ‘PKU-AKM 1228’ at 125 mM NaCl (Figure 5A). In the root, the highest MDA content was found in ‘VBN (Gg)3’, which
was increased by 5.14-fold compared to other varieties, which showed a nearly 1.2-1.3-fold increase in MDA at
125 mM NaCl (Figure 5B). Such an increase in MDA content with increasing salt concentrations was also
observed more in the sensitive wheat genotype than the tolerant ones (Datir et al., 2020).

(A)

(B)
Figure 5. Effect of salt stress on lipid peroxidation (in terms of MDA content) in 10-day old seedlings of
Vigna radiata varieties
A) Shoot MDA content and B) Root MDA content. Each value represents the mean of three replicates, and the vertical
bar indicates the standard deviation. Small letters denote significant difference between treatments, and capital letters
denote significant difference between varieties at a 0.05% significance level according to Duncan’s Multiple Range Test
(DMRT)

Effect of salt stress on phenolics, flavonoids, and antioxidants
Natural antioxidants such as phenolic and flavonoid compounds play an essential role under stress.
These metabolites have various biological functions in plants, the significant being protection from ROS
generated under various environmental stresses such as salt stress (Khare et al., 2020). The elevated levels of
phenolics and flavonoids observed in the present investigation support the observations by (Bistgani et al.,
2019). These secondary metabolites act as antioxidants, mitigate oxidative stress, and scavenge the reactive
oxygen species (ROS)(Selmar and Kleinwächter, 2013). Phenolic content in shoot and root was increased in
‘PKU AKM 12-28’ and ‘PKU-AKM 8802’ compared to ‘VBN (Gg)2’ and ‘VBN (Gg)3’ at 125 mM NaCl
(Figure 6A). It was increased in the root of ‘PKU AKM 12-28’ and ‘PKU-AKM 8802’ by 24% and decreased
in ‘VBN (Gg)2’ and ‘VBN (Gg)3’ by 38% and 63%, respectively, at 125 mM NaCl. However, ‘VBN (Gg)3’
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showed increased phenolic content at 100 mM NaCl in the root (Figure 6B). In the shoot, flavonoid content
increased in ‘PKU AKM 12-28’ by 14% and ‘PKU-AKM 8802’ by 33% but decreased in ‘VBN (Gg)2’ by 53%
and ‘VBN (Gg)3’ by 35% at 75 mM NaCl. However, it was decreased in all varieties at 125 mM NaCl by 4152% (Figure 6C). In the root, flavonoid content increased in ‘PKU-AKM 12-28’ by 96% and decreased in
‘VBN (Gg)2’ by 57% at 100 mM NaCl. At 125 mM NaCl, it was significantly reduced in ‘VBN (Gg)2’ and
‘VBN (Gg)3’ compared to ‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’ (Figure 6D). Such an increase in these
secondary metabolites in salt-tolerant varieties was also reported by Chutipaijit et al. (2009) in salt-tolerant rice
varieties than salt-sensitive ones.

(A)

(B)

(C)

(D)

(E)

(F)

Figure 6. Effect of salt stress on phenol and flavonoid content and antioxidants of 10-day old seedlings of
Vigna radiata varieties
A) Shoot phenolic content; B) Root phenolic content; C) Shoot flavonoids content; D) Root flavonoids content; E)
Shoot DPPH radical scavenging activity and F) Root DPPH radical scavenging activity. Each value represents the mean
of three replicates, and the vertical bar indicates the standard deviation. Small letters denote significant difference
between treatments, and capital letters denote significant difference between varieties at a 0.05% significance level
according to Duncan’s Multiple Range Test (DMRT)

Where phenolic and flavonoid content correlates with antioxidant nature, DPPH assay is a
nonenzymatic antioxidant activity which is a direct and sensitive method to investigate savaging of ROS by
antioxidants (Golkar et al., 2020). In the present study, DPPH radical scavenging activity significantly
increased in both shoot and root as the salt concentration increased from 75-125 mM NaCl in ‘PKU-AKM
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12-28’ and ‘PKU-AKM 8802’ (Figure 6E-6F). However, it was initially increased at 75 and 100 mM NaCl and
later decreased at 125 mM NaCl in ‘VBN (Gg)2’ and ‘VBN (Gg)3’. However, DPPH radical scavenging was
higher in ‘PKU-AKM 8802’ than ‘VBN (Gg)2’ at all salt concentrations. In this regard, the increase in DPPH
activity under salt stress corroborates with studies in chickpea (Kaur et al., 2014).

Effect of salt stress on osmolyte accumulation
High accumulation of different osmolytes like proline, amino acids, and total sugars was observed in the
mungbean varieties exposed to NaCl stress (Figure 8). In the shoot, proline content was significantly higher in
‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’ than ‘VBN (Gg)2’ and ‘VBN (Gg)3’. At 125 mM NaCl, the highest
increase in proline content in the shoot was found in ‘PKU-AKM 12-28’ (by 5.48-fold) and in ‘VBN (Gg)3’
(by 1.25-fold) (Figure 7A). At 125 mM NaCl, proline content was significantly increased by 3.26-fold in the
roots of ‘PKU-AKM 12-28’, whereas in the roots of ‘VBN (Gg)2’ and ‘VBN (Gg)3’, it increased by 0.4-fold
and 0.27-fold respectively (Figure 7B). Proline content was significantly increased in root than shoot. Proline
also acts as an antioxidant by stabilizing the membranes, scavenging free radicals, stabilizing proteins and
protein complexes, and maintaining the osmotic balance (Muchate et al., 2016).

(A)

(B)

(C)

(D)

(E)

(F)

Figure 7. Effect of salt stress on osmolyte accumulation of 10-day old seedlings of Vigna radiata varieties
A) Shoot proline content; B) Root proline content; C) Shoot total sugar content; D) Root total sugar content; E)
Shoot amino acid content and F) Root amino acid content. Each value represents the mean of three replicates, and the
vertical bar indicates the standard deviation. Small letters denote significant difference between treatments, and capital
letters denote significant difference between varieties at a 0.05% significance level according to Duncan’s Multiple
Range Test (DMRT)
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At 100 and 125 mM NaCl, ‘VBN (Gg)2’ and ‘VBN (Gg)3’ showed a remarkable decrease in sugar
content than ‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’ (Figure 7C-7D). The levels of sugars increase under
salinity, and their role in osmotic adjustment has been validated (Marzec et al., 2013; Ali et al., 2018). At 75,
100, and 125 mM NaCl, amino acid content was significantly increased in the shoot and root of ‘PKU-AKM
12-28’ and ‘PKU-AKM 8802’ than ‘VBN (Gg)2’ and ‘VBN (Gg)3’ (Figure 7E-7F). Shahid et al. (2013) and
Verma et al. (2018) have also reported increased amino acid content under salinity.

Conclusions
The present study concludes that the NaCl-induced salinity stress significantly affects the germination
of seeds and early seedling growth in mungbean. Among the seventeen mungbean varieties, ‘PKU-AKM 1228’ and ‘PKU-AKM 8802’ were the least affected by NaCl stress, whereas ‘VBN(Gg)2’ and ‘VBN(Gg)3’ were
the most affected. These findings suggest that seed germination and growth attributes of mungbean seedlings
can be used as traits for a rapid assortment of salt stress-tolerant varieties. Comparatively higher contents of
photosynthetic pigments, proteins, secondary metabolite, osmolytes, antioxidants, and lower MDA content in
the seedlings of ‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’ suggest the salt-tolerant nature of these varieties.
However, since this assessment of salt stress tolerance in the seventeen mungbean varieties is based on seeds
germinated in Petri plates, field-based experiments are needed for validating the results. Further, studies on
proteomics and genomics in these mungbean varieties would also be appropriate to know and validate genes
and proteins conferring salt tolerance.
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