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Introduction

Abiotic stresses include salinity, water deficiency, 
heavy metal, extreme temperature and flooding. 

All these abiotic stresses disturb the plant growth, 
development and yield. Among these stresses, salinity 
is the basis of nourishing restraints and leads to the 
osmotic stress as it lowers the intake of calcium, 
potassium, phosphorus and nitrate (Wang et al., 2013; 
Nadeem et al., 2019). In saline soil the chlorophyll 
degradation occurs, and plant biomass production is 

decreased. Leaf area and photosynthetic pigments 
are also affected. As a result of this stress, the plants 
change their morphology, physiology and anatomical 
structure (Alam et al., 2015; Munns, 2006; Wang 
et al., 2013). So, Soil salinity is a major deleterious 
abiotic stress factor for food production (Kotagiri and 
Kolluru, 2017). 

In response to salinity, plants adopt different tolerance 
mechanisms including repair and detoxification, 
osmotic adjustment and growth modulation. Under 
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salinity stress, the production of ROS (reactive 
oxygen species) increased that results in increasing 
the degradation of proteins and important enzymes 
(Läuchli and Grattan, 2007). Plant growth promoting 
rhizobacteria (PGPR) are effective against stress 
conditions as they provide mineral nutrients and 
increased resistance of plants to abiotic stresses 
(Figueiredo et al., 2008). Among various minerals, 
nitrogen is an important mineral that is required 
to plant for its growth and development. The 
microorganisms add the nitrogen to plant by symbiotic 
or non-symbiotic association. It is considered that 
175 million tons nitrogen is fixed in soil every year 
by these microorganisms, these are cheap source of 
nitrogen fixation (Orhan et al., 2006).

Mung bean is one of the major caloric (347K Cal.) 
and protein source in many countries of Asia. Like 
other pulse spp. its protein is deficient in methionine, 
cysteine and tryptophan and rich in tyrosine (Yi-Shen 
et al., 2018). Mung bean is used in the preparation of 
mung food items. The popular food is dhal which is 
consumed in almost every Asian country. The mung 
bean sprout is utilized as high-quality vegetables all 
over the world (Ahmad et al., 1988). Mung bean 
like other pulses acts as soil building crop because of 
most effective system of biological nitrogen fixation 
through its symbiotic relationship with rhizobium. It 
has potential to fix from 30-60 Kg /ha of nitrogen 
depending on soil and environmental conditions 
(Verma, 2016).

Keeping in view the above information, the present 
study was designed to assess the effect of PGPR 
inoculation on four varieties of mung bean grown in 
a growth medium that were N-free either without 
NaCI or with a range of NaCI (20, 50,100, 200 and 
300mM).

Materials and Methods 

The experiment was carried out in Botanical Garden 
of Bahauddin Zakariya University Multan, Pakistan. 
The germplasm of four varieties of Vigna radiata L. 
(MI, M6, NM92 and NM98) were taken from Nuclear 
Institute of Agriculture Biology (NIAB), Faisalabad. 
The Rhizobium inoculum for Mung bean (Bio 
power -Bio fertilizer for legumes) was obtained from 
National Institute for Biotechnology and Genetic 
Engineering (NIBGE), Faisalabad. The experiments 
were set in a completely randomized design with six 

replicates per treatment for each variety. Plastic pots 
of 20 cm diameter were used for plant cultivation. 
The pots were labeled as U/0, I/0, I/20, I/50, I/100, 
I/200, I/300, I/400 indicating the range of NaCI 
concentrations (mM) used whereas U and I stand for 
un-inoculated and inoculated, respectively.

Before sowing seeds, nitrogen free nutrient media was 
applied to each pot. The nitrogen free media was used 
as given by Elahi and Akhtar (2004). Half strength of 
the nutrient media (one liter) was given to each pot 
uniformly. The seeds were treated in 5ml inoculum 
and sown in sand (pure sand which at first was treated 
with 0.1 M HCl solution and then thoroughly washed 
with running tap water). Inoculation was repeated 
twice in week and while inoculated pots were not given 
any media. The pots were supplied with half strength 
of the nitrogen free media twice week when plants 
were young. After two weeks when the plants were 
fully grown then full-strength nitrogen free media 
was applied to each pot once a week. The salinity 
treatment (0, 20, 50, 100, 200 and 300 mM) was 
started two weeks after sowing. The salinity treatment 
along with nutrient solution (1L) were applied once 
a week to each pot. Before each application the pots 
were thoroughly leached with tap water to remove the 
unabsorbed molecules or ions. Leaching was done to 
maintain the required concentration of nutrients and 
NaCl. 

First harvest was taken after 5 weeks of sowing, i.e., at 
flowering stage and second harvest was taken after 7 
weeks of sowing i.e., at the beginning of pod growth 
stag. While third harvest was taken after 9 weeks of 
sowing i.e., at the middle of pod growth stage. The 
total number of flowers, pods and nodules of each 
plant were counted. Fresh weight of root, shoot, pods 
and nodules was measured by using digital balance. 
Then the shoot and root were kept into oven for one 
week for drying. After one week, the dry weight of 
root and shoot was measured. The total nitrogen 
contents were measured by using the method of 
Guebel et al. (1991).

Statistical analysis of the data including analysis of 
variance (ANOVA) and Duncon’s Multiple Range 
Test (DMRT) at 5% probability level was done by 
using COSTAT.

Results and Discussion

Fresh weight of shoot and root of all the four varieties 
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of Vigna radiata L. M 1, M6, NM92 and NM98 
decreased gradually with the increasing level of salt 
concentration as compared to inoculated control 
(Figure 1 and 2). While at 200mM NaCI and above 
fresh weight of shoot and root per plant decreased 
drastically. 

Figure 1: Effect of NaCI concentration on shoot fresh weight of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing.

Figure 2: Effect of NaCI concentration on root fresh weight of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing.

No growth was observed at 400mM NaCI level in 
first harvest in all the four varieties (Figure 1 and 2) 
at first, second and third harvest. A slight increase in 
root and shoot fresh weight was observed with slight 
increase in salinity. In variety M6 and NM92, fresh 
biomass of plants slightly increased at 50mM NaCI 
level as compared to 20mM NaCI level. At second 
harvest non-significant differences between all the 
treatments for fresh weight of shoot per plant were 
noted, which drastically decreased at 200mM NaCl. 
At third harvest non-significant differences were 
observed in all the treatments of salt concentration.

Dry weight of shoot and root per plant was decreased 
with increasing salinity level and the differences 
between them were significant for various treatments 
(Figure 3 and 4). Dry weight of whole plant 
biomass was slightly increased with increase in salt 
concentration in NM98 at all three harvests. At 
50mM NaCl the plant growth of M6 and NM92 
was slightly increased as compared to 20mM NaCl 
(Figure 3 and 4).

Figure 3: Effect of NaCI concentration on dry weight of shoot of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing. 

Figure 4: Effect of NaCI concentration on dry weight of root of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing.

Figure 5: Effect of NaCI concentration on number of nodules of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing. 

Figure 6: Effect of NaCI concentration on fresh weight of nodules 
of different varieties of Vigna radiata L. (MI, M6, NM92 and 
NM98) after 5,7 and 9 weeks of sowing.

Dry weight of all the four varieties was drastically 
decreased at 200-300mM NaCI (Figure 3 and 
4). No plants survived at 400mM NaCl. A gradual 
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decrease in dry biomass of all the four varieties was 
observed in first, second and third harvest in Ml 
(Figure 3 and 4). Figure 5 and 6 shows a gradual 
decrease in number of nodules and their fresh weight 
with increasing salinity levels. Number of nodules at 
higher level of NaCI was drastically decreased. No 
nodulation was observed at 200mM NaCI and above. 

The Figure 6 shows that the fresh weight of nodules 
drastically decreased at different salinity levels from 
inoculated control to l00mM NaCl level in all the four 
varieties. At second harvest fresh weight of nodules 
decreased abruptly at each level of salinity from 0mM 
to 100mM.

Figure 5 shows that at 100mM NaCl level nodules 
were present at third harvest but their number, fresh 
and dry weight were drastically decreased (Figure 5 
and 6). The flowers were found at I/0, I/20, I/50 and 
I/ 100 level of salt concentration but at I/200 level 
of salt fewer or no flowers were formed in all the 
four varieties of Vigna radiata (MI, M6, NM92 and 
NM98) at all the stages of harvest as shown in Figure 
7.

Figure 7: Effect of NaCI concentration on number of flowers of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing. 

Figure 8: Effect of NaCI concentration on number of pods of different 
varieties of Vigna radiata L. (MI, M6, NM92 and NM98) after 
5,7 and 9 weeks of sowing. 

Number of pods and fresh weight decreased slightly 
with increasing salinity levels (Figure 8 and 9). Fresh 
weight of pods was gradually decreased in Ml at all 

the levels of salinity in all the three harvests (Figure 9). 
Figure 8 shows that number of pods decreased with 
increasing salt concentrations. At 2nd harvest pods 
were not formed at I/200-I/400 level of salinity in M6 
(Figure 8). The pods were formed at I/200 level only in 
Ml, NM92 and NM98 at 2nd harvest. Figure 9 shows 
that Pod fresh weight was decreased gradually with 
increase in salt concentration in Ml, M6 and NM92. 
In M6 and NM98 fresh weight of pods decreased 
irregularly with increase in salt concentration (Figure 
9). 

Figure 9: Effect of NaCI concentration on fresh weight of pods of 
different varieties of Vigna radiata L. (MI, M6, NM92 and NM98) 
after 5,7 and 9 weeks of sowing.

Figure 10: Effect of NaCI concentration on nitrogen contents (%) 
of different varieties of Vigna radiata L. (MI, M6, NM92 and 
NM98) after 5,7 and 9 weeks of sowing. 

Figure 11: Effect of NaCI concentration on proteins contents (%) 
of different varieties of Vigna radiata L. (MI, M6, NM92 and 
NM98) after 5,7 and 9 weeks of sowing. 

Salinity had a promontory/inhibitory effect on 
nitrogen contents of shoot dry weight at NaCl levels 
up to 50 mM but adversely affect at higher NaCI 
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levels, at 1st harvest nitrogen contents were increased 
at 20mM NaCI levels of salinity in MI, M6, NM92 
and NM98 as compared to inoculated control (Figure 
10). Whereas, at 100mM NaCI the nitrogen content 
was 40% reduced as compared to inoculated control. A 
slight increase in nitrogen and total protein contents 
was observed at low salinity level, i.e., 20mM to 
50mM NaCI in all the varieties of Vigna radiate L. 
(MI, M6, NM92 and NM98). At 100mM NaCl, 36-
53% total protein contents were reduced in the four 
varieties at 3rd harvest (Figure 11).

The problem of salinity is worsening day by day in 
Pakistan as well as in the world and warrants the 
comprehensive study to understand the basis of growth 
and yield suppression due to salt stress especially in 
economically important crops. The magnitude of the 
problem can be minimized by appropriate drainage 
system, use of certain elements, leaching the salts 
from the root zone, growing salt tolerant varieties, 
etc. Construction of drainage, use of certain elements 
are very costly and out of reach of the farmer. While 
growing salt tolerant varieties seem to be more 
appropriate approach to minimize salinity problem 
(Qureshi et al., 2008; Qureshi et al., 2010). Therefore, 
the present study was designed to find the salt tolerant 
varieties from the locally available varieties of mung 
bean. Local germplasm with its unique character is 
an important gene pool for breeding varieties against 
different stresses. In the whole plant life cycle, the most 
critical phase is the seedling emergence from the soil 
as it effects the further growth and development of 
crops that ultimately influence the final yield (Maiti 
and Satya, 2014).

In the present study, salinity caused a significant 
reduction in fresh and dry biomass of shoot and root 
at all three growth stages. However, the pattern of 
decrease was not consistent with increase in external 
NaCI regimes. The reduction in the fresh and dry 
biomass of shoot and root attributable to reduce cell 
division and cell enlargement (Shannon, 1997). In 
case of mung bean varieties Ml, M6 and NM98, at 
the initial growth stages inoculation with biological 
nitrogen fixers stimulate the growth of the plants at 
20mM and 50mM NaCI while at later stages this 
effect was masked due to strong inhibitory effect of 
NaCI salt. While in mung bean variety NM92, even 
slight increase in salinity resulted in significant drop 
in growth at all the three stages of growth.

Due to the advancement in research of salt tolerance 
and adaptation mechanism of various crop species 
to salinity, it is concluded that there might be the 
existence of different mechanisms for mineral 
nutrition regulations in different genotypes (Munns 
et al., 2006). Similar findings for chickpea were 
reported by Elsheikh and Wood (1990). At latter 
phase of growth inoculation with rhizobium can 
stimulate the growth of non-salinized plants only. 
These results can be linked to the previous results of 
Singleton and Bohlool (1984), who found that high 
salt concentrations are not inhibitory to rhizobia 
survival nor colonization of root surface, but that high 
salt concentration of growth medium can weaken 
the contacts among rhizobium and host plant thus 
preventing the nodule development. In mung bean, 
results for root and shoot nitrogen clearly indicated 
that salt stress significantly reduces these attributes. 
Similar, reduction in shoot and root nitrogen was 
observed in wheat (Glick, 2012).

Similarly, crude protein contents of shoot and root 
were decreased as observed in various studies. This 
reduction in proteins are attributable to reduce rate of 
protein synthesis and or /protein degradation under 
salt stress (Volkmar et al., 1998; Hasegawa et al., 
2000). Salinity inhibit the nitrogen fixation completely 
or partially by disturbing the signal exchanges and as 
result of this salinity disturb the formation of nodules 
(Miransari and Smith, 2007).

Conclusions and Recommendations

By summarizing the results, we may conclude that 
the use of PGPR may be helpful to mung bean in 
salt stress tolerance and improvement in development 
and nodulation. More compatible PGPR strains may 
be tested for mung bean crop in the presence and 
absence of salinity.

Novelty Statement

This research indicates that application of plant 
growth promoting rhizobacteria (PGPR) has poten-
tial to increase crop production in areas effected with 
salinity.
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