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Two local faba bean varieties (Va and Vb) were evaluated for salt tolerance under different salinity treatments i.e.
EC;, ECq, ECy, ECy, ECy5, ECy5 and ECys (dS/m) along with control (ECy) in present study. Seed germination and
early seedling growth & biomass characteristics (plumule, radical and total seedling length, fresh and dry weight of
seedlings), seedling vigor (SV) and salinity stress index (Tsegay and Gebreslassie) were measured. The result showed
that all the traits decreased gradually with increase in salinity in both varieties with significant variations but this
decrease was less in variety V(a) than variety V(b). Seed germination was less affected than the seedling growth

ABSTRACT

characteristics. Less reduction in radical length than the plumule length showed greater adaptations of the plants under

saline environment. Performance of V(a) was found to be more significant in comparison to V(b) even at high
salinity. Therefore, present study suggests that V(a) is more resistant towards salinity. This can be used to study
salinity tolerance mechanisms and pathways in more detail in legumes. Screening of large number of crop genotypes
salt tolerance may also provide promising source for breeding program. Selected salt tolerant varieties can also be
recommended for salinity prone areas as management strategy.
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Introduction

Faba bean (Vicia faba L.), commonly known as field
bean, is an important cool season annual legume with high
nutritive value (Karkanis et al., 2018). It is the third
important leguminous plant after soyabean and peas (Turco
et al., 2016). Faba bean seeds are rich source of proteins,
carbohydrates, mineral nutrients (K, Ca, Mg, Fe, and Zn),
vitamins, and fiber content (Neme et al., 2015). Therefore,
the fresh and dry seeds of faba bean are used for human
consumption. This crop has also pharmacological importance
due to presence of considerable amount of different bioactive
compounds (Landry et al., 2016; Turco et al., 2016). It
improves soil properties and fertility due to highly efficient
symbiotic association of its roots with soil Rhizobium
responsible for atmospheric nitrogen fixation (Adak and
Kibritci, 2016; Argaw and Mnalku, 2017). Faba bean is also
an important legume in various cropping systems as rotation
or break crop. Moreover, incorporation of legumes into the
soil as green manure increases the growth and yield of
several crops (Zou et al., 2015). The global production of
faba bean grain was 4.1 million tons in 2014 (FAO, 2017).

Production of legumes including faba bean is severally
affected due to their susceptibility towards existing
environmental factors i.e. abiotic and biotic stresses (Singh et
al., 2012). Among abiotic stress factors, salinity stress is a
major threat for plant production, in arid and semi-arid
regions, particularly in irrigated agriculture (Fuskhah et al.,

2019; Sehrawat et al., 2019; Sehrawat et al., 2020a).
Continuous increase in salinity (1-3% every year) raises
serious concerns for nutritious plant production due to
conversion of a large proportion of arable land into saline or
non-fertile land (Qadir er al., 2014; Sehrawat and Yadav,
2020; Sehrawat et al., 2020b). Salinity affects the plant
growth and development throughout their life time including
seed germination, seedling growth, vegetative growth,
reproductive phase, maturity and grain yield i.e. quality and
quantity (Sehrawat et al., 2014c; Sehrawat er al., 2014b;
Sehrawat et al., 2014a; Sehrawat & Yadav, 2014d, 2020;
Sehrawat et al., 2015; Sehrawat et al., 2019; Sehrawat et al.,
2020b). Excess amount of salt in soil suppress the growth,
nitrogen fixation ability, nodulation and yield in faba bean
plants (Abd-Alla et al., 2001; Bulut et al., 2011; Katerji et
al., 2011). During initial stage, salinity stress either inhibits
or delay seed germination because it affect the activity of the
enzymes involved in digestion of complex stored food
material in seed (Ma et al., 2017; Panda, 2001; Sehrawat et
al., 2014a). After seed germination, salinity stress arrest
proper growth and survival of seedlings. But the plants
exhibited less adverse effect on germination and seedling
growth under salinity show salt tolerance (Sehrawat et al.,
2016).

Salinity is a continuous increasing problem for
agriculture plant production in current scenario due to global
climate change and abnormal irrigation practices (Fuskhah et
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al., 2019; Nadeem et al., 2019; Sehrawat and Yadav, 2020;
Sehrawat et al., 2020b). Salinity adversely affects the plant
growth, physiology and metabolism but different crop
species respond variably towards salinity during each
developmental stage throughout their life cycle (Sehrawat et
al., 2013a; Sehrawat et al., 2014a; Sehrawat et al., 2015).
Crop based management of salinity is more efficient and
economic approach to alleviate salinity as compared to the
soil and irrigation management strategies which are highly
expensive (Sehrawat et al., 2020b). Development of
genetically improved variety/lines needs presence of
significant variations in crop plants for salt tolerance at
genetic level (Sehrawat et al., 2014b; Sehrawat et al., 2016).
This requires screening of crop varieties or available
germplasm for salt tolerance during different growth stages
(Sehrawat et al., 2014c; Sehrawat er al., 2013b; Sehrawat et
al., 2015). However, very little efforts have been made
towards screening of faba bean genotypes for salt tolerance
(Karakoy et al., 2014). Local landraces or wild relatives
constitute co-adapted genes for desired traits that may prove
valuable in future cultivation practices to enhance grain yield
and quality (Sehrawat et al., 2013c; Sehrawat and Yadav,
2014d; Sehrawat et al., 2019; Shanko et al., 2017).
Therefore, the local crop varieties represent an important
source for breeding programs (Harlan, 1975). Lack of
suitable technique and reliable parameters for salt tolerance
further restricts suitable efforts made in this area (Sehrawat et
al., 2019).

Seed germination is the first stage encounters salinity
stress. Saline environment may create an osmotic potential
external to the seed preventing sufficient water uptake during
imbibition for seed germination. Toxic effects of sodium and
chloride ions may also inhibit germination of seeds (Hosseini
et al., 2003; Kumar, 2017). Hence, salinity induced osmotic
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stress either inhibit or delay seed germination, emergence of
seedling and seedling establishment (Bayuelo-Jiménez et al.,
2002; Waheed et al., 2006). Rate of seed germination and
emergence of seedling (radical and plumule) is an important
determinant of successful crop establishment (Shu et al.,
2017; Tsegay and Gebreslassie, 2014). Seedling vigor is an
important criterion to determine salt tolerance in crop plants
(Sehrawat et al., 2014c; Sehrawat et al., 2014b; Sehrawat et
al., 2014a; Sehrawat and Yadav, 2014d; Sehrawat et al.,
2014e, 2016). Moreover, maintenance of high salinity stress
index during seedling growth stage results in greater
adaptation and successful establishment of plants under
salinity (Jamil et al., 2006; Sehrawat et al., 2016).

Keeping all these important facts in consideration, two
local varieties of faba bean were investigated for salt
tolerance during seed germination and seedling establishment
under different level of salinity in present study. An effective
level of salinity was also determined in this study that can be
used to screen large number of genotypes for salt tolerance in
rapid manner.

Material and Methods
Plant material and salinity stress levels

Seeds of two varieties of Vicia faba were used in this
study (Figure 1). One variety (Va) was procured from main
bazar, old subzi mandi, Delhi and second variety (Vb) from
local market, Shahabad, Haryana. A total of seven salinity
treatments i.e. EC3, ECG, ECg, ECIQ, EC15, EClg and EC25
(dS/m) along with control treatment (EC,;) were used.
Different salinity levels were prepared by dissolving NaCl in
water used for irrigation to impose salinity stress in faba bean
plants under investigation during seed germination and early
seedling growth. The control treatment was without salt
(Sopha et al., 1991).

Fig. 1: Faba bean varieties; V(a) and V(b) used for salt tolerance study.

Method used

The seeds of both varieties of faba bean were allowed to
germinate on filter paper soaked with 10 ml of saline solution
of different concentrations i.e. EC3;, EC4, ECy, EC;,, ECys,
EC;3 and EC,s (dS/m) along with their control treatment
(ECp). The experiment was carried out in the petridishes
having five seeds in each for all treatments (control as well as
salinity) with four replications, mean temperature of 25 + 2°C
and the relative humidity more than 60% under 16h
photoperiod of cool fluorescent light. Seed germination

percentage (SG %) and seedling growth & biomass
characteristics (plumule, radical and total seedling length,
fresh weight of seedlings) were measured on 11" day of the
experiment. After taking fresh weight, the samples were
dried in hot air oven at 60°C for 2 days. Then dry weight of
the seedlings was recorded. The seedling vigor (SV) and
salinity stress index (Tsegay & Gebreslassie, 2014) were
calculated by using the formula i. e. SV = (Seed germination
percentage x Total seedling length); SSI = [(Dry wt. of salt
stressed seedling/dry wt. of control seedling) x 100]
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(Sehrawat et al., 2014e, 2016; Sopha et al., 1991).
Optimization of an effective salinity level was also done that
can be used for further screening of more genotypes for salt
tolerance during later growth stages. All the parameters were
recorded with three replications per treatment and compared
with their respective control. The recorded data was further
subjected to statistical analysis of variance (ANNOVA)
appropriate to the experimental design using OPSTAT
program (HAU, Hisar, India) and the differences between the
means were compared through least significant difference
(LSD) test (P < 0.05).
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Results

Present findings showed gradual reduction in seed
germination and seedling growth characteristics with increase
in salinity in comparison to the control in both varieties of
faba bean. But at high salinity, either complete inhibition of
seed germination or poor germination was recorded in this
study. The investigated plants showed considerable
variations for all the measured traits at different salinity
levels as well as within themselves.

Table 1: Average value of all the observations recorded at different salinity levels in two local varieties of faba bean, Vicia

faba.

Salinity Treatments (ds/m) Critical Difference (CD) *

Characters ECO | EC3 | EC6 | ECO | EC12 | ECI5 | EC18 [EC25| Treatment|Genotypes I“E"Tri"g‘)’n
Seed Germination (%) 100 100 | 100 | 100 | 100 | 100 30 60 1.44 2.15 5.09
Radical Length (cm) 520 | 458 | 412 | 3.00 | 2.33 | 1.63 | 1.22 |0.32| 0.071 0.119 0.228
Plumule Length (cm) 572 | 462 | 417 | 320 | 247 | 1.78 | 0.80 | 0.13 | 0.081 0.142 0.324
Total Seedling Length (cm) | 10.92 | 9.20 | 8.28 | 6.20 | 4.80 | 3.42 | 2.02 | 045 | 0.121 0.194 0.411
Fresh wt. (mg) / seedling 203 | 188 | 1.67 | 1.67 | 1.53 | 1.44 | 1.18 | 1.13| 0.016 0.027 0.061
Dry wt. (mg) / seedling 0.72 | 0.66 | 0.59 | 0.55 | 0.53 | 0.47 | 0.41 |0.39| 0.0019 0.004 0.010
Seedling Vigor Index 1091.33(920.00{828.33(620.00{480.00|305.73|161.33|31.00| 12.06 18.42 36.14
Salt Stress Index 100 [91.71 | 81.78 | 76.11 | 73.60 | 65.05 | 57.00 |54.37| 0.029 0.038 0.067

(*Significant value and p-value < 0.01)
Seed germination percentage (SG %)

The result showed decrease and delay in seed
germination with increase in salinity in both varieties (Figure
2; Table 1) but this reduction was less in variety (a) as
compared to the variety (b). Variety (a) showed full
germination up to salinity of EC15 but get reduced at high
salinity (EC25) as compared to the variety (b) where seeds
either fail to germinate or poorly germinated (Figure 2 and
Figure 3). The results showed significant variations for seed

b1 on Pocom

Fig. 2: Seed germination in faba bean varieties [V(a) and V(b)] under different salinity treatments
[ECO; Control, EC3, EC6, EC9, EC12, EC15, EC18 and EC25 (dS/m)].

germination among both varieties of faba bean and also at
different salinity levels (Table 1). Seed germination affected
the seedling growth in both varieties (Figure 4). The average
percent reduction in seed germination due to salinity
treatments was 8.57 % and 11.43% in V(a) and V(b)
respectively as compared with their respective control. This
shows greater tolerance of V(a) towards salinity stress and
high susceptibility of V(b) in present study (Figure 5).
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Seedling growth characteristics

The results showed that the seedling growth of faba
bean was affected negatively due to salinity treatment. The
total seedling length showed gradual reduction with increase
in salinity over control in both faba bean varieties however,
significant variations were observed in their response (Table
1; Figure 4). The observed reduction in seedling length was
due to decrease in radical and plumule length with increasing
salinity (Table 1). In present study, the percent reduction in
radical length ranged from 7.10 % to 87.74 % in V(a) and
from 16.56 % to 100 % in V(b) from low salinity (EC3) to
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high salinity (EC25) as compared with their respective
control. Similarly, the plumule length get reduced from 20 %
to 94 % in V(a) and from 22.83 % to 100 % in V(b) from low
to high salinity. The percent reduction in total seedling length
ranged from 14.12 % to 92.06 % and from 17.46 % to 100 %
in V(a) and V(b) respectively at low and high salinity over
control (Figure 5). But this decrease in seedling overall
growth was recorded less for V(a) and greater for V(b).
These findings demonstrated that V(a) is more resistant
towards salinity than the V(b) which showed reverse
response.

100 -

Sead germination % at differsntlevel of salinity
8

20 -

ECO EC3 EC6 EC9

Salinity treatments {ds/m)

= v(a)

= v(b}

EC12 EC15 EC18 EC25

Fig. 3: Seed germination percentage of faba bean varieties [V(a) and V(b)] under different salinity treatments
[ECO; Control, EC3, EC6, EC9, EC12, EC15, EC18 and EC25 (dS/m)].

Seedling biomass

The results showed that the biomass of seedlings in
term of fresh and dry weight was reduced with increasing
salinity in both varieties of faba bean however, this reduction
was less in V(a) as compared to V(b) (Table 1; Figure 5).
The percent reduction in fresh weight of the seedling over
control ranged from 3.28 % to 24.71 % in V(a) and from
10.34 % to 58.90 % in V(b) from lower to higher salinity

treatment (Figure 5). Whereas the reduction in dry weight of
the seedling was from 7.92 % to 41.26 % in V(a) and from
8.66 % to 50 % in V(b) from lower to higher salinity over
non-stressed seedlings. Maintenance of less reduction in
seedling biomass by V(a) showed its greater resistance
towards salt stress than V(b) which showed reverse response
(Figure 5).

Fig. 4: Seedling growth of faba bean varieties [V(a) and V(b)] under different salinity treatments
[ECO; Control, EC3, EC6, EC9, EC12, EC15, EC18 and EC25 (dS/m)].
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Seedling vigor (SV)

The seedling vigor was also decreased with continuous
increase in salinity in both faba bean varieties (Table 1). The
reduction in seedling vigor ranged from 14.07 % to 94.53 %
in V(a) and from 17.14 % to 100 % in V(b) from low (EC;
ds/m) to high salinity (EC,5 ds/m) as compared to the control
having no salt. This reduction was due to decrease in seed
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germination and seedling growth under all salinity treatments
in both varieties. However, the recorded response was also
different at variety as well as salinity level (Figure 5). In this
study, V(a) tried to maintain higher seedling vigor even at
high salinity which showed its salt resistance behavior than
V(b) which showed salt sensitive behavior (Figure 5).

HEC3 MEC6 MEC9 MEC12 HECI5 HMEC18 HMEC2S

100

Percentraduction over control

20

via) ‘ v(b) via} vib)

56% Plumule Length

Parameters recorded in faba bean

Total seedling length

v(a) Vi{b} via)

Salt stress index

Seedling vigor Fresh wt_/seedling Dry wt_/seedling

v(a) ‘ v(b)

ngs at salinity {ds/m)

Fig. 5: Percent reduction in different characteristics of faba bean varieties [V(a) and V(b)] measured under different salinity
treatments [ECO; Control, EC3, EC6, EC9, EC12, EC15, EC18 and EC25 (dS/m)].

Salinity stress index (Tsegay & Gebreslassie, 2014)

Salinity stress index (SSI %) is an important
characteristic when selecting a variety for salinity tolerance.
Salinity treatment causes reduction in this index. Higher
valve of SSI (%) due to less reduction in dry weight can be
used to assess salt tolerance in investigated genotypes. In this
study, reduction in SSI ranged from 7.92 % to 41.26 % in
V(a) and from 8.66 % to 50 % in V(b) from lower to higher
salinity over control (Figure 5). The results revealed that the
faba bean variety V(a) maintained higher value of SSI (%)
due to less reduction in dry weight over control which
showed its more resistance towards salt stress (Table 1 ).
However, the second variety of faba bean V(b) showed
greater decline in SSI even under moderate salinity level
leading to its greater sensitivity towards applied salinity
(Figure 5).

Optimization of salinity stress level

Both faba bean genotypes showed significant variations
in all the measured characteristics at different salinity levels.
But more comparable results were observed at EC15 (ds/m)
in this study where a percent reduction of 50-70 % was
measured in all seedling growth characteristics. At high
salinity (EC 25 ds/m), greater reduction was observed
(Figure 5). Therefore, present study suggests that EC15 can
be taken as a optimum salinity level for further screening of
faba bean for vegetative and reproductive stages so that they
can adapt, survive and produce significant grain yield. This

may help in selection of salt tolerant crop genotypes for
saline soil.

Discussion

Seed germination is the primary stage of plant
development. Salinity treatments in this study showed
significant reduction or inhibition of seed germination in
investigated local varieties of faba bean having variable
response. Salinity delayed the seed germination more in faba
bean variety V(b) than V(a). The results are in accordance
with the earlier findings (Kumar, 2017; Sehrawat et al.,
2014e, 2016; Shanko et al., 2017; Shu et al., 2017). Decrease
or delay in seed germination under salinity stress may be
either due to increased seed dormancy or due to insufficient
water uptake as a result of ion toxicity (Na* and CI  ions).
Less water uptake causes poor activation of hydrolytic
enzymes resulted in decrease in seed germination under
salinity stress (Jamil et al., 2006; Panda, 2001; Sehrawat et
al., 2014e, 2016; Shanko et al., 2017). The potential of seeds
to germinate under salinity may be interrelated with the
tolerance at later growth stages of the crop (Sehrawat et al.,
2016).

The seedling growth and biomass characteristics were
also decreased with increased level of salinity and the results
are in agreement with the earlier reports (Al-Mutawa, 2003;
Haileselasie and Teferii, 2012; Sehrawat et al., 2014e, 2016;
Tsegay and Gebreslassie, 2014). Radical length was found to
be less affected due to salinity as compared with the plumule
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length even at high salinity. This showed more adjustment of
the roots to establish the crop plants under salinity stress.
Greater reduction of plumule growth may be due to less
absorption of water and poor supply of nutrients during
germination. Salinity induced osmotic stress and ion toxicity
may be responsible for this behavior. But V(a) showed less
reduction in seedling growth and biomass than V(b) in this
study which suggest its more resistance towards salinity.
Salinity interferes with the plant growth and development
processes such as cell division, cell enlargement, prevent
nutrient uptake resulted in inhibition of growth. Decrease in
seedling growth and biomass may be due to altered metabolic
activities and reduced transition of nutrients from cotyledons
towards plumule and radical under salinity (Al-Mutawa,
2003; Sehrawat et al., 2014e, 2016; Waheed et al., 2006).

As a result of decrease in seedling length and dry
weight, seedling vigor and salinity stress index also
decreased with increase in salinity. These results are in
accordance with the earlier findings (Hosseini et al., 2003;
Jamil et al., 2006; Sehrawat et al., 2014e, 2016; Tsegay and
Gebreslassie, 2014). But the variety V(a) tried to maintain
less reduction in seed germination, seedling growth and
biomass than V(b). These results demonstrated salt resistance
nature of V(a) in comparison to V(b). Salinity tolerance
during germination and seedling establishment in crop plants
helps in its survival during vegetative and reproductive stages
under saline environment that may produce stable yield at
maturity. Faba bean variety V(a) tried to maintain less
reduction in seed germination and seedling growth
characteristics (particularly, radical length, seedling vigor
and salinity stress index) even at high salinity (EC25 ds/m)
showing its greater ability towards salinity stress than the
variety V(b) which showed reverse response in this study.
Therefore, faba bean local or wild germplasm can be
explored at large scale for salinity tolerance to identify salt
resistant genotypes for breeding as well as for salinity
affected area. Selection and development of more salt
tolerant varieties of faba bean would help to improve its
productivity on saline soil (Sehrawat and Yadav, 2020;
Sehrawat et al., 2019; Sehrawat et al., 2020b; Tavakkoli et
al., 2012).

Conclusions

Faba bean is an important pulse crop with high nutritive
value along with medicinal, agricultural and industrial
importance. Salt tolerance during seedling growth stage helps
in better establishment of seedling under salinity. This may
results in more adaptations and healthy plants development
during later growth stages (vegetative growth and
reproductive development) to produce significant yield under
salinity. Screening of large number of plants in effective
manner may help to identify and selection of crop specific
salt tolerant lines/varieties. These can be used to; i) identify
candidate genes/major gene(s)/loci governing salt tolerance,
ii) study detailed mechanisms or pathways responsible for
salt tolerance in legumes and iii) provide promising genetic
material as donors of valuable features for the breeders to
develop new cultivars with increased resilience towards
salinity. Therefore, collection and evaluation of local genetic
resources of faba bean is required for genetic improvement of
salt sensitive legumes in future.

Effects off salinity stress on seedling growth of local varieties of faba bean (Vicia faba L.) from India

Acknowledgement

Authors are thankful to Head, Department of
Biotechnology, Maharishi Markandeshwar (Deemed to be
University), Mullana-Ambala, India.

References

Abd-Alla, M.; El-Enany, A.; Hamada, A. and Abdel-Wahab,
A. (2001). Element distribution in faba bean root
nodules under salinity and its effects on growth,
nodulation and nitrogen fixation. Plant Soil Environ.
(47): 399-404.

Adak, M. and Kibritci, M. (2016). Effect of nitrogen and
phosphorus levels on nodulation and yield components
in faba bean (Vicia faba L.). Legume Res.; 39: 991-994.

Al-Mutawa, M. (2003). Effect of salinity on germination and
seedling growth of chickpea (Cicer arietinum)
genotypes. Int. J. Agric. Biol.; 5: 226-229.

Argaw, A. and Mnalku, A. (2017). Effectiveness of native
Rhizobium on nodulation and yield of fababean (Vicia
faba L.) in Eastern Ethiopia. Arch. Agron. Soil Sci.; 63,
1390-1403.

Bayuelo-Jiménez, J.; Craig, R. and Lynch, J. (2002). Salinity
tolerance of Phaseolus species during germination and
early seedling growth. Crop Sci.; 42: 1584-1594

Bulut, F.; Akinci, S. and Eroglu, A. (2011). Growth and
uptake of sodium and potassium in broad bean (Vicia
faba L.) under salinity stress. . Commun. Soil Sci. Plant
Anal.; 42: 945-961.

FAO. (2017). FAOSTAT Database. Food and Agriculture
Organization of the United Nations.
www.fao.org/faostat/ (accessed September 17, 2019).

Fuskhah, E.; Purbajanti, E. and Anwar, S. (2019). Test of the
resistance of rhizobium bacteria to salinity for the
development of food legume plants in coastal areas.
IOP Conf. Series: Earth and Environmental Science,
250: 012044.

Haileselasie, T. and Teferii, G. (2012). The effect of salinity
stress on germination of chickpea (Cicer arietinum L.)
Land Race of Tigray. Curr. Res. J. Biol. Sci.; 4, 578—
583.

Harlan, J. (1975). Our vanishing genetic resources. Science,
188: 618-621.

Hosseini, M.; Powell, A.; Bingham, 1. (2003). The interaction
between salinity stress and seed vigor during
germination of soybean seeds. Seed Sci. Technol., 31:
715-725.

Jamil, M.; Lee, D.; Jung, K.; Ashraf, M.; Lee, S. and Rha, E.
(2006). Effect of salt (NaCl) stress on germination and
early seedling growth of four vegetables species. J.
Cent. Eur. Agric.; 7: 273-282.

Karakoy, T.; Baloch, F.; Toklu, F. and Ozkan, H. (2014).
Variation for selected morphological and quality-related
traits among 178 faba bean landraces collected from
Turkey. Plant Genetic Res., 12: 5-13.

Karkanis, A.; Ntatsi, G.; Lepse, L.; Fernandez, J.A.; Vagen,
LM.; Rewald, B.; Alsina, I.; Kronberga, A.; Balliu, A.;
Olle, M.; Bodner, G.; Dubova, L.; Rosa, E. and Savvas,
D. (2018). faba bean cultivation - revealing novel
managing practices for more sustainable and
competitive european cropping systems. Front. Plant
Sci.; 9: 1115.

Katerji, N.; Mastrorilli, M.; Lahmer, F.; Maalouf, F. and
Oweis, T. (2011). Faba bean productivity in saline-
drought conditions. Eur. J. Agron.; 35: 2-12.



Mukesh Yadav et al.

Kumar, A. (2017). Germination behaviour of soybean
varieties under different salinity stress. . Int. J. Appl.
Agric. Res.; 12: 69-76.

Landry, E.; Fuchs, S. and Hu, J. (2016). Carbohydrate
composition of mature and immature faba bean seeds. J.
Food Compos. Anal.; 50: 55-60.

Ma, Q.; Kang, J.; Long, R.; Zhang, T.; Xiong, J.; Zhang, K.;
Wang, T.; Yang, Q. and Sun, Y. (2017). Comparative
proteomic analysis of alfalfa revealed new salt and
drought stress-related factors involved in seed
germination. Mol. Biol. Rep.; 44(3): 261-272.

Nadeem, M.; Li, J.; Yahya, M.; Wang, M.; Ali, A.; Cheng,
A.; Wang, X. and Ma, C. (2019). Grain legumes and
fear of salt stress: Focus on mechanisms and
management strategies. Int. J. Mol. Sci., 20(4).

Neme, K.; Bultosa, G. and Bussa, N. (2015). Nutrient and
functional properties of composite flours processed
from pre-gelatinised barley, sprouted faba bean and
carrot flours. Int. J. Food Sci. Technol.; 50: 2375-2382

Panda, M. (2001). Salt stress induced changes in growth and
enzyme activities in germinating Phaseolus mungo
seeds. Biol. Plant.; 44: 587-589.

Qadir, M.; Quillerou, E.; Nangia, V.; Murtaza, G.; Singh, M.;
Thomas, R.; Drechsel, P. and Noble, A. (2014).
Economics of salt-induced land degradation and
restoration. Nat. Resour. Forum.; 38: 282-295.

Sehrawat, N.; Bhat, K.; Sairam, R. and Jaiwal, P. (2013c¢).
Identification of salt resistant wild relatives of
mungbean (Vigna radiata (L.) Wilczek). Asian J. Plant
Sci. Res.; 3(41-49).

Sehrawat, N.; Bhat, K.; Sairam, R. and Jaiwal, P. (2014c).
Screening of mungbean [Vigna radiata (L.) Wilczek]
genotypes for salt tolerance. . Int. J. PInat Environ. Sci.;
4:36-43.

Sehrawat, N.; Bhat, K.; Sairam, R.; Toomoka, N.; Kaga, A.;
Shu, Y. and Jaiwal, P. (2013b). Diversity analysis and
confirmation of intra-specific hybrids for salt tolerance
in mungbean (Vigna radiata L. Wilczek). . Int. J. Integ.
Biol.; 14: 65-73.

Sehrawat, N.; Jaiwal, P.; Bhat, K.; Tomooka, N.; Kaga, A.
and Yadav, M. (2014b). Breeding mediated
improvement of mungbean [Vigna radiata (L) Wilczek]
for salt tolerance. Thai. J. Agric. Sci.; 47: 109-114.

Sehrawat, N.; Jaiwal, P.; Yadav, M.; Bhat, K. and Sairam, R.
(2013a). Salinity stress restraining mungbean (Vigna
radiata L. Wilczek) production: gateway for genetic
improvement. Int. J. Agri. Crop Sci.; 6: 505-509.

Sehrawat, N.; Jaiwal, P.; Yadav, M.; Bhat, K. and Sairam, R.
(2014a). Injurious effects of salt stress in legumes and
strategies for their improvement. Green Farming.; 5:
311-315.

Sehrawat, N.; Yadav, M. (2014d). Screening and cross-
compatibility of various Vigna species for yellow
mosaic virus resistance. J. Innov. Biol.; 1: 31-34.

Sehrawat, N. and Yadav, M. (2020). Suggesting the
enhanced production of mungbean in future to assure
nutritive food supply to poor population in situations
similar to covid-19 lockdown in developing countries.
J. Bio Inno.; 9: 621-624.

Sehrawat, N.; Yadav, M.; Bhat, K.; Sairam, R. and Jaiwal, P.
(2014e). Evaluation of mungbean genotypes for salt
tolerance at early seedling growth stage. Biocatal. Agri.
Biotechnol.; 3: 108-113.

259

Sehrawat, N.; Yadav, M.; Bhat, K.; Sairam, R. and Jaiwal, P.
(2015). Effect of salinity stress on mungbean [Vigna
radiata (L.) wilczek] during consecutive summer and
spring seasons. J. Agri. Sci. Serbia.; 60: 23-32.

Sehrawat, N.; Yadav, M.; Bhat, K.; Sairam, R. and Jaiwal, P.
(2016). Hybridization between salt resistant and salt
susceptible genotypes of mungbean [Vigna radiata (L)
Wilczek] and purity testing of the hybrids using SSRs
markers. J. Integr. Agric.; 15: 521-527.

Sehrawat, N.; Yadav, M.; Sharma, A.; Kumar, V. and Bhat,
K. (2019). Salt stress and mungbean [Vigna radiata (L.)
Wilczek]: effects, physiological perspective and
management practices for alleviating salinity. Arch.
Agron. Soil Sci., 65(9): 1287-1301.

Sehrawat, N.; Yadav, M.; Kumar, S. Upadhyay, S.K.; Singh
M. and Sharma, A.K. (2020). Review on health
promoting biological activities of mungbean: A potent
functional food of medicinal importance. Plnat Arch.;
20: 2969-2975.

Sehrawat, N.; Yadav, M.; Singh, R.; Aggarwal, D. and Devi,
A. (2020b). Drought and salinity stress as major threat
for sustainable mungbean production: Emerging
challenges and future perspectives. Ann. Plant Sci.; 9:
3899-3906.

Shanko, D.; Jateni, G. and Debela, A. (2017). Effects of
salinity on chickpea (Cicer arietinum L.) landraces
during germination stage. Biochem. Mol. Biol. J.; 03:
214-219.

Shu, K.; Qi, Y.; Chen, F.; Meng, Y.; Luo, X.; Shuai, H.;
Zhou, W.; Ding, J.; Du, J.; Liu, J.; Yang, F.; Wang, Q.;
Liu, W.; Yong, T.; Wang, X.; Feng, Y. and Yang, W.
(2017). Salt stress represses soybean seed germination
by negatively regulating GA biosynthesis while
positively mediating ABA biosynthesis. Front. Plant
Sci.; 8: 1372.

Singh, A.; Bhatt, B.; Upadhyaya, A.; Kumar, S.; Sundaram,
P. and Singh, B. (2012). Improvement of faba bean
(Vicia faba L.) yield and quality through
biotechnological approach: A review. Afr. J.
Biotechnol.; 11: 15264-15271.

Sopha, V.; Savage, E.; Anacle, A. and Beyl, C. (1991).
Varietal differences of wheat and triticale to water
stress. J. Agron. Crop Sci.; 167: 23-28.

Tavakkoli, E.; Paull, J.; Rengasamy, P. and McDonald, G.
(2012). Comparing genotypic variation in faba bean
(Vicia faba L.) in response to salinity in hydroponic and
field experiments. Field Crop Res.; 127: 99-108.

Tsegay, B. and Gebreslassie, B. (2014). The effect of salinity
(NaCl) on germination and seedling growth of Lathyrus
sativus and Pisum sativum var. abyssinicum. Afr. J.
Plant Sci.; 8: 225-231.

Turco, 1.; Ferretti, G. and Bacchetti, T. (2016). Review of the
health benefits of faba bean (Vicia faba L.) polyphenols.
J. Food Nutr. Res.; 55: 283-293.

Waheed, A.; Hafiz, 1.; Qadir, G.; Murtaza, G.; Mahmood, T.
and Ashraf, M. (2006). Effect of salinity on
germination, growth, yield, ionic balance and solute
composition of pigeon pea (Cajanus cajan (L.) Millsp).
Pak. J. Bot.; 38: 1103-1117.

Zou, L.; Yli-Halla, M.; Stoddard, F.L. and Makela, P.S.
(2015). Effects of break crops on yield and grain protein
concentration of barley in a boreal climate. PLoS One,
10(6): e0130765.



