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Abstract

In this study, we examined the behavior of six faba bean (Vicia faba L.) genotypes under salinity conditions at the seedling
stage. The evaluation was assessed using 21 morphological, physiological, and photosynthetic traits under control,
moderate, and severe salinity conditions. The principal component analysis (PCA) was used to identify genotypes of
contrasting behavior in response to salt stress and to characterize the important traits for salt tolerance. The result of PCA
analysis showed that the genotypes displayed different behavior under the saline conditions. The most discriminating
quantitative characters were related to plant biomass production and photosynthesis, especially the mass of fresh root,
number of leaves, water-use efficiency, and the substomatal CO, concentration. The analysis of all parameters by PCA
permits us to distinguish cv. Najeh as the most tolerant genotype for salinity conditions and cv. Chourouk as the most
sensitive one. These results would be of pertinent tools in faba bean breeding programs.

Additional key words: contradictory behavior; indices of tolerance; photosynthetic gas-exchange parameters.

Introduction

Faba bean (Vicia faba L.) is considered as one of the most
important cool-season legume crops together with dry
beans, dry peas, and chickpeas (Kumari and van Leur
2011). It is the oldest legume in the Mediterranean
countries. It is used for both human food and animal feed
since it contains approximately 30% of protein (Tewodros
et al. 2015). Besides, faba bean can be used as an efficient
crop improving by introducing the grain legumes into crop
rotation (Kharrat and Ouchari 2011). In Tunisia, faba bean
is the most cultivated grain legume with more than 70,000
hectares representing 75% of the total grain legumes
cultivated areas in the country (Kharrat and Ouchari
2011, Trabelsi et al. 2016, Amri et al. 2019). The national
average of productivity is about 42% below the worldwide
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average. Additionally, national production changes through
regions and enormously from year to year. This variation
is due to the absence of resistant cultivars to biotic and
abiotic stresses. Salinity is an important abiotic stress that
severely inhibits production and adversely affects yield
and culture sustainability (Link ez al. 1999). The salinity
of soils is formed by the accumulation of salt resulting
from excessive irrigation with saline water. It engenders
morphological, biochemical, and physiological changes in
the plant (Kafi 2009) and it has a negative effect on the crop
production in the world (Ashraf 2009). In plants, salinity
affects the opening of stomata, osmotic adjustment, growth
rate, root hydraulic conductance, photosynthetic pigments,
and nutritional balance (Almodares et al. 2008, James
et al. 2011). However, the degree of tolerance is different
between species (Munns and Tester 2008). In order to

Abbreviations: Car — carotenoids; Chl — chlorophyll; C; — substomatal CO, concentration; £ — transpiration rate; EL — electrolyte
leakage; g, — stomatal conductance; LR — length of the root, LS — length of the shoot; MDR — mass of dried root, MDS — mass of dried
shoot; MFR — mass of fresh root, MFS — mass of fresh shoot; MTDP — mass of total dried plant; MTFP — mass of total fresh plant;
NL — number of leaves; PCA — principal component analysis; Py — net CO, assimilation rate; RGR — relative growth rate; RWC —
relative water content; WUE — intrinsic water-use efficiency.
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reduce the harmful effect of salinity on crop production,
it is important to cultivate tolerant genotypes. Recently,
conventional selection and breeding techniques were
used in the study of crop salinity tolerance (Gasim et al.
2015, Mahlooji et al. 2018). Nevertheless, the insufficient
understanding salinity tolerance and the absence of an
adequate method of screening techniques limit the effort
of breeding for salinity tolerance (Munns and James
2003). In addition, the selections based on physiological
characteristics can improve salt tolerance in crops better
than the selection based on the agronomic traits (Tavakkoli
et al. 2012). The objectives of the present study were the
screening of quantitative criteria of salt tolerance and the
identification of a contrasting pair of faba bean towards
salinity which could improve breeding programs.

Materials and methods

Plant materials: Six Tunisian faba bean genotypes were
chosen in this study to determinate their tolerance to salinity
stress (Local, Najeh, Chourouk, Badii, Bachaar, and
Saber-02). Among the six tested genotypes, four varieties
were developed from crosses performed in Tunisia
(INRAT) and released in the National Plant Varieties
Catalogue (Badii and Bachaar — 2004, Najeh — 2009,
and Chourouk — 2014) (Kharrat et al. 2010, Amri et al.
2019). Both latter varieties are carrying good resistance
to the parasitic plants Orobanche crenata and O. foetida
(Kharrat et al. 2010, Trabelsi ef al. 2016, 2017; Amri et al.
2019). Bean seeds were offered from the National Institute
of Agricultural Research (INRAT).

Growth conditions: All experiments were conducted in the
Experimental Station of the Biotechnology Center of Borj
Cedria in Tunisia, under controlled greenhouse conditions:
the temperature was set at 23°C, the photoperiod was 16/8-h
day/night, the relative humidity was between 55 and 65%,
and the PAR was 270 umol(photon) m? s™!. Bean seeds
of the identical size were surface-disinfected in HgCl,
(0.1%) for 1 min and then rinsed perfectly using sterilized
distilled water. Seeds were then sowed in autoclaved
perlite moistened with water to germinate at room
temperature (20°C) in dark. Ten days after, germinated
seeds were transferred to plastic pots containing half-
strength nutrient solution (5 L). Seven days after,
comparable size plants were chosen and cultured in full
sterilized nutrient solution containing macronutrients
KH,PO, (0.36 mM), K>SO, (0.7 mM), MgSO, (1 mM),
CaCl, (1.65 mM), and KNO; (24 mM), and micronutrients
H;BO; (4 pM), CuSOs (1.56 uM), ZnSO, (1.55 uM),
CoSO; (0.12 uM), MnSO; (6.6 uM), and (Na),MoO4
(0.12 uM) (Vadez et al. 1996). Full strength sterilized
nutrient solutions were weekly changed. The nutrient solu-
tion was continuously aerated with airflow of 400 ml min™'
using hydroponic air pump setups.

Salinity treatment: Similar 25-d-old seedlings, when they
reached the four-leaf stage, were divided into three groups.
Salinity treatments were applied as follows: control (0 mM
NaCl), moderate concentration (75 mM NaCl), and severe
concentration (150 mM NaCl). Salt stress was gradually
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applied by increments of 25 mM NaCl per day (except for
the control which is 0 mM NaCl). Salinity was maintained
continuously until the final harvest. Nutrient solutions
were weekly changed for the control group (without
added salt) and treated groups with the appropriate NaCl
concentrations. After 21 d of treatments, treated and
control plants were harvested separately at the same day.
To evaluate the behavior of six genotypes of faba bean
under three salinity stress levels (0, 75, and 150 mM)), three
independent sets of experiments were performed with six
plants for each replication (n = 18 plants for each genotype
per salinity stress level). All parameters of the control and
treated plants were measured at the seedling stage.

Morphological measurements: Three morphological
parameters evaluated on the six faba bean genotypes were
the length of the lateral root (LR), length of the shoot
(LS), and the number of leaves (NL). The LS and LR were
determined by measuring the distance between the crown
and the leaf tip [cm] and the crown and the root tip [cm],
respectively. The NL was counted.

Relative water content (RWC): At the harvest time, the
leaves were directly weighted to get the fresh mass designed
as MF. To obtain the turgid mass (MT), the leaves were
weighted after incubation in distilled water for 24 h. Then
the saturated leaves were dried for 72 h at 70°C and the
dry mass was measured (MD). The RWC was calculated
using the following formula (Barrs and Weatherley 1968):
RWC [%] = [(MF/MD)/(MT/MD)] x 100.

Plant biomass: The roots and shoots were collected
separately from each plant. In this study, the mass of fresh
root (MFR), the mass of fresh shoot (MFS), and the mass
of total fresh plant (MTFP) were measured on the day
of the harvest. The mass of dried root (MDR), the mass
of dried shoot (MDS), and the mass of total dried plant
(MTDP) were assessed after incubation of the samples at
70°C until obtained constant masses.

The photosynthetic gas-exchange parameters, such as
stomatal conductance to water vapor (gs), net CO, assimila-
tion rate (Py), transpiration rate (E), and substomatal CO,
concentration (Cj) were measured using an open type and
portable photosynthesis system (LCA-4, Bio-Scientific,
Great Amwell, Herts, UK). The different measurements
were captured from the mid-lamina portion of the abaxial
surface of the youngest fully expanded leaves on the
harvest day. The WUE was measured as the ratio between
Pyand E.

Electrolyte leakage: Fragments of 100 mg of the middle
part of the freshly cut leaves were floated on 10 ml of
ultrapure water in assay tubes. The first electrical conduc-
tivity (EC1) of the solution was measured after incubation
of the tubes in a water bath at 32°C for 2 h using a type
of conductivity meter, Metrohm 712. Then the tubes were
placed in an oven (90°C) for 2 h. The second conductivity
(EC2) was measured in the solution after cooling to
25°C. The leakage of electrolyte was measured using the
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following formula EL = ECI1/EC2 x 100 (Dionisio-Sese
and Tobita 1998).

Carotenoids (Car) and chlorophyll (Chl) content: The
Car and Chl contents were calculated using the method
of Lichtenthaler (1987). Young leaves (100 mg, freshly
cut) were incubated in 5 ml (80%) of acetone at 4°C in
darkness until complete Chl extraction. The total contents
of different Chls were determined by the measurement
of the absorbance (A) at 645, 663, and 470 nm using a
UV-visible spectrophotometer (Jenway 6850 UV-Vis,
Cole-Parmer Ltd., UK). The pigment content [expressed
as mg g '(FM)] was calculated by using the following
equations: Chl a = 12.21 x Ags — 2.81 X Ags, Chl b =
20.13 x A645 —5.03 x A653, total Chl = 6.45 x A663 +17.72 x
Agss, Car = (1,000 x Ayz9—3.27 x Chl a — 104 x Chl b)/227.

Relative growth rate (RGR): RGR is an important
indicator of plant strategy related to environmental stress.
It was calculated using the method of Hunt (1990). Two
harvests were performed. The first was carried out at
the time (t;) on the day 25, just before starting the salt
treatment, and the second harvest (t,) was performed on
the day 46 (i.e., 21 d after the salt treatment). Then the
average RGR was calculated using the following formula:
RGR = (InMFR, — InMFR,)/(t. — t;), where MFS,; and
MEFS,; are the fresh shoot masses, respectively, at t; and t,.

Statistical analysis: The multivariate analysis, analysis of
variance (ANOVA) (XLSTAT software), and clustering were
considered to analyze our data. The statistical analysis
‘Principal Component Analysis’ (PCA) was utilized in this
study using three sets of data from stressed faba bean plants
and their controls. The incorporated matrixes involved 21
parameters in columns and six genotypes in rows. The
PCA analysis was carried out to (/) classify the genotype
groups, (2) identify genotypes with opposing behavior,
and (3) fix the axes and important characters contributing
to the diversification. In this work, the different matrixes
were used to create the proper eigenvalue and scores for
the plants. Then, the plot of two-dimensional scatter was
performed. The ranking of faba bean genotypes for the
tolerance to salt stress was performed using the selective
physiological and morphological parameters under 75 and
150 mM NaCl. All measurements were performed at the
three levels of salinity stress and in three replicates. All
morphological and physiological data in the present study
were transformed into indices of salt tolerance according
to the method of Zeng et al. (2002). These indices were
determined as the observed value under salinity conditions
subdivided by the control averages. The percentage of
decrease in comparison to control of different parameters
was calculated using the formula: The percentage
of decrease [%] = [(control value — stressed value)/
(control)] x 100.

The difference between treatment data was estimated
using the STATISTICA software and the means of compari-
son by HSD (higher significant difference) Duncan's test
(»=0.05).
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Results

In the present work, to evaluate the response of six faba
bean genotypes under two different salinity concentrations;
moderate (75 mM) and severe (150 mM) at the same
time as under control conditions, 21 physiological and
morphological descriptors were employed. The PCA
analysis was performed to discriminate among faba bean
genotypes. All the data were converted to relative values,
i.e., salt tolerance index before applying to PCA analysis.
The salt tolerance index was defined as the observation
under salinity divided by the means of the controls.

Morphological and physiological response under con-
trol conditions: Twenty-one physiological and morpho-
logical parameters were used in the study of the
characterization of the response of different genotypes
under control conditions (Table 1). Control genotypes
were cultivated under identical environmental conditions
as the treated genotypes and harvested at the same time
without adding NaCl. Fig. 14 showed the PCA plot setup
for faba bean plants under control conditions. The first
two components counted of 69.9% of the total variation of
which principal component 1 (PC1) and 2 (PC2) defined
45.2 and 24.7% of the variation, respectively. The PCI
was extremely correlated to total Chl content (TChl) and
PC2 was determined by NL (Fig. 14). As shown in Table
1, TChl and NL were the top contributing variables to the
descriptions of PC1 and PC2 with contribution values of
10.748 and 18.860, respectively. Consequently, these two
parameters were used in the genotypic distribution under
control conditions. The PCA plot in Fig. 14 revealed three
groups. Group 1 included cv. Local and Najeh, which
are localized on the positive side of PC1 and PC2 and
exhibited high TChl content and NL. Group 2 is formed
by cv. Saber-02, Badii, and Bachaar. Finally, Chourouk
genotype was situated separately in the negative side of the
PC2 (group 3) and was characterized by low NL and TChl.
The different behavior of studied genotypes under control
conditions was attributed to their varietal effect. Under
nonstressed conditions, we noted good discrimination of
genotypes according to the NL and TChl content (Table 1,
Fig. 14).

Morphological and physiological response under 75 mM
NaCl: All collected data under moderate salinity condi-
tions were converted to relative values using the salt
tolerance indices. These indices were determined as the
observed value under salinity conditions subdivided by
the control averages. All calculated indices were applied
to the PCA. Under moderate salt concentration (75 mM),
we got different schema of clustering profiles of faba
bean genotypes with a distinct response to salinity stress
(Fig. 1B). The PC1 and PC2 were sufficient to display
the data structure since they explained 64.1% of the total
variance (Fig. 1B). The first axis (PC1 =40.3%) was highly
correlated to the NL. The second axis (PC2 = 23.9%) was
determined by the WUE. Table 1 showed clearly that at
75 mM, NL and WUE displayed the highest contribution



Table 1. Physiological and morphological characteristics observed with their contributions to the description of PC1 and PC2 of the

statistical analysis PCA under 0, 75, and 150 mM of NaCl concentrations.
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Characteristics NaCl [mM]
0 75 150
PC1 PC2 PC1 PC2 PC1 PC2

Mass of the fresh root (MFR) 8.475 0.270 7.274 2.813 6.097 0.389
Mass of fresh shoot (MFS) 8.255 2.536 6.809 5348  4.496 5.631
Mass of total fresh plant (MTFP) 8.764 0.973 8.224 4576 2313 12.779
Mass of the dry root (MDR) 4.895 1.230 3.439 0.535  6.034 0.596
Mass of dry shoot (MDS) 5.977 0.085 2.332 4.838  5.785 1.413
Mass of total dry plant (MTDP) 4.827 0.194 4912 0.226  4.863 4.432
Length of the root (LR) 0.324 5.966 2.845 0.003  5.731 1.589
Length of the shoot (LS) 4.226 0.869 4.983 8221 5226 3.241
Number of leaves (NL) 0.001 18.866  10.149 0.166  5.981 0.771
Relative water content (RWC) 0.073 6.864 4.385 0.647  2.772 11.279
Electrolyte leakage (EL) 8.435 0.898 3.565 0.005  5.441 2.538
Net CO; assimilation (Px) 0.840  14.708 3.273 5.010  3.507 8.869
Stomatal conductance (g;) 2.087 7.504 7.226 4901  4.117 6.875
Transpiration (E) 0.183 2.495 5.825 7.180  5.778 1.436
Substomatal CO, concentration (C;) 0.188 18.833 1.316 7.503 1.375 15.852
Photosynthetic water-use efficiency (WUE) 1.154  16.168 0.283  12.744  1.613 15.072
Chlorophyll a (Chl a) 10.616 0.577 5.682 9.552  6.023 0.633
Chlorophyll b (Chl b) 10.624 0.002 3.898 9.461 5.959 0.844
Total chlorophyll 10.748 0.344 5.412 9.847  6.007 0.685
Carotenoids (Car) 9.306 0.620 7.895 4352 5611 1.981
Relative growth rate (RGR) 2.457 0.789 0.275 2.073 5271 3.096

to the description of PC1 and PC2 among all studied
parameters with contribution values of 10.149 and 12.744,
respectively. By examining the scores-plot (Fig. 1B) in the
area defined by PC1 and PC2, the samples were separated
into four groups based on NL and WUE. Group 1, which
is located on the top of the scores-plot, is composed of
cv. Najeh. Group 2 is formed by cv. Saber-02 and Badii.
Cv. Local appeared in different group (group 3). Finally,
group 4 is located in the downstairs position of the scores
plot, and consists of cv. Chourouk and Bachaar (Fig. 1B).
Since the samples were well described by the scores-plot,
the loading plot (Fig. 1B) was analyzed to show which
variables influenced the group separation. Najeh genotype,
which represented the first class, was characterized by the
highest values of WUE and NL. That means that Najeh was
able to survive under salinity conditions and can conserve
high productivity and photosynthetic activity. However,
the second and the third groups displayed moderate values
of the same parameters. The last class containing cv.
Chourouk and Bachaar was classified as the most sensitive
genotypes among the studied genotypes at 75 mM NaCl.
All collected data were submitted to hierarchical cluster
analysis to distinguish the six faba bean genotypes studied
under 75 mM NaCl. This technique produces a hierarchy
of partitions of objects such that any cluster of a partition
is fully included one of the clusters of the later partitions.
Such partitions are best represented by a dendrogram.
The results as a dendrogram in Fig. 24, which indicates

that the samples are distributed in three major clusters:
C1 (cv. Najeh), C2 (cv. Local, Saber, and Badii), and C3
(cv. Bachaar and Chourouk).

Morphological and physiological response under
150 mM NaCl: All measured parameters under severe
salinity conditions were collected and adopted to relative
values (salt tolerance indices). These indices were calcu-
lated as the observed value under 150 mM NaCl subdivided
by the control averages (0 mM NaCl). All determined
indices were applied to the PCA. PCA provides a graphical
representation of inter-variable (loading-plot) and inter-
sample (scores-plot) (Fig. 1C) relationships and provides
a way to reduce the complexity of the data. The total
variance of principal components PC1 and PC2 was 100%,
as revealed the plot of PCA at 150 mM (Fig. 1C). The
PC1 (76.6%) was defined by the MFR since it exhibited
the maximum value for the description of this axe (6.097)
(Table 1, Fig. 1C). The PC2 (23.4%) was highly correlated
to the C; because this parameter presented the higher
value of the contribution to the description of this axe
(15.852) (Table 1, Fig. 1C). A different schema of PCA
was recorded. Three genotypes out of six did not tolerate
this severe salt concentration which caused their death.
These genotypes were Chourouk, Saber-02, and Bachaar.
By examining the scores-plot in the area defined by PC1
and PC2, the survived genotypes were separated into three
groups, based on their MFR and C;. Group 1, located on
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Fig. 2. Analysis of a cluster of faba bean
genotypes based on the Euclidean metric
calculating using 21 physiological and
morphological parameters under 75 mM
(4) and 150 mM (B) NaCl. The different
clusters C1, C2, and C3 correspond to

the bottom of the scores-plot, and correlated negatively to
both PC1 and PC2, consisted of Local genotype. This group
was characterized by the lowest values of MFR and C..
Group 2, located on the bottom of the scores-plot, and
correlated positively to PC1 and negatively to PC2,
included Badii genotype. The last group (group 3), loca-
ted on the right-side of the scores-plot, and correlated
positively to PC1 and PC2, included Najeh. This group was
characterized by having the highest MFR and C;. Thus, the
Najeh genotype was able to conserve productivity and high
photosynthetic activity at the severe salt stress. Regarding
the dendogram (Fig. 2B), the genotypes were grouped into
three clusters: C1 (cv. Local), C2 (cv. Badii), and C3 (cv.
Najeh). Therefore, the results obtained from this evaluation
allow to conclude that these parameters, i.e., MFR and C;
could be used as the discriminating parameters for the
screening of genotypes under salinity stress.

Correlation between the studied variables at 75 mM:
Correlations were analyzed to study the relations between
the different variables examined at 75 mM NaCl. Table 2
showed the coefficients of the Pearson's correlation
between all assays carried out on faba bean genotypes. The
present study demonstrated a good correlation between the
MTFP and MFS (» = 0.943) (Table 2). Also, we detected

the individualized groups.

a significant positive correlation between the TChl and
Chl a contents (= 0.999) (Table 2). However, we noticed
a significant negative correlation between the LS and C;
(r = —0.888) (Table 2). Besides, we observed a poor or
no correlation between the WDR and the content of Car
(r=10.005) (Table 2).

Correlation between the studied variables at 150 mM:
Table 3 recapitulated the coefficients of the Pearson's
correlation between all analysis evaluated at 150 mM.
We found a good correlation between the RGR and MFR
(r = 0.988) (Table 3). A significant correlation was also
revealed between the EL and £ (»=0.996) (Table 3). Never-
theless, a negative correlation was also noticed between
the content of Chl @ and MFR (r = —0.950) (Table 3).

Classification of genotypes toward salinity stress at
75 mM NaCl: To classify the studied genotypes toward
salinity stress, the most selective physiological descriptors
were considered for the valuation of the physiological
behavior of faba bean genotypes at 75 mM NaCl. Thus
NL and WUE (parameters presented the maximum contri-
bution to the description of PC1 and PC2, respectively, as
described in Table 1) were employed for the classification
of all genotypes for the tolerance to salt stress using
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percentage decrease values (Fig. 3) and indices of salt
tolerance (Table 4). The percentage decrease was
calculated as the difference between control and stressed
values. Then, the obtained value was divided by the
control number and multiplied by 100 as explained in the
materials and methods section. Genotypes showing the
highest percentage decrease are considered as the most
sensitive to salt stress. However, the most tolerant plant
exhibited the highest value of salt tolerance indices.

Our results demonstrated that salt stress had a harmful
effect on the development of plants. The indices of salt
tolerance diminish with the augmentation of the salt
concentration. In addition, these indices changed among
faba bean genotypes (Table 4). The indices of salt tolerance
of WUE varied between 0.366 for Chourouk and 0.944 for
Najeh. Besides, the indices of salt tolerance of NL ranged
from 0.742 for Chourouk to 0.945 for Najeh. Najeh was
selected as the most tolerant plant because it exhibited
the highest value of salt tolerance indices. Fig. 3 shows
the percentage decrease of WUE and NL relative to their
control at 75 mM NaCl. The results showed a diminution
from 63.4 to 5.6% for WUE (Fig. 34) and from 25.8 to
5.5% for NL (Fig. 3B). The most sensitive genotypes
were characterized by the highest percentage decrease.
A significant fluctuation was registered between the
studied genotypes. The use of Duncan's test for the WUE
allowed us to classify the analyzed genotypes into five
groups. Faba bean genotype noted as (a) was considered
as the most sensitive one. However, the plant indicated
as (e) was believed to be the most tolerant one. The rest
were considered as intermediate (Fig. 34). The selection
based on NL percentage decrease divided the genotypes
into four groups (Fig. 3B). Genotypes mentioned with the
letter (a) were classified as the most altered by the salinity
stress. Nevertheless, plants noted with the letter (d) were
considered as the best genotypes which surmount these
conditions (Fig. 3B).

Classification of genotypes toward salinity stress at
150 mM NaCl: The percentage decrease and the indices
of salt tolerance of the most discriminating descriptors
were used for the evaluation of the response of faba bean
genotypes at 150 mM NaCl (Table 4, Fig. 4). The MFR and
C; were considered for the classification of different geno-
types (parameters presented the maximum contributions to
the description of PC1 and PC2, respectively, as shown
in Table 1) at 150 mM. Chourouk, Bachaar, and Saber-02
genotypes did not survive the severe concentration of salt
and they died after 10 d of the treatment. The indices of
salt tolerance of MFR varied between 0.431 for Local and
0.799 for Najeh (Table 4). Moreover, the salt tolerance
indices for Ci ranged from 0.329 for Local to 0.456 for
Najeh (Table 4). Fig. 4 illustrated the decrease of the
percentage of MFR and C; relative to their control at
150 mM. The data demonstrated a decrease from 79.9 to
43.1% for MFR and from 67.1 to 54.4% for C; (Fig. 4).
A significant fluctuation was revealed between different
genotypes. The statistical analysis based on the Duncan's
test for MFR allowed dividing the genotypes into three
groups. The genotype designated by the letter (a) was

SALINITY RESISTANCE IN FABA BEAN

considered as the most affected by this severe NaCl
concentration. However, the genotype noted by the letter
(c) was considered as the most tolerant one (Fig. 44).
The distribution based on C; percentage decrease (Fig. 4B)
subdivided the genotypes into three groups. The most
sensitive genotype was mentioned with the letter (a),
whereas, the genotype indicated by the letter (c) was
considered the most tolerant one.

Identification of faba bean genotypes pair by contrasting
behavior towards salinity: Our results involving the
indices of salt tolerance (Table 4) and the percentage
decrease (Fig. 3) revealed that Chourouk genotype was
the most sensitive among the studied genotypes at 75 mM
NaCl. Moreover, the analysis of the PCA demonstrated
that Najeh genotype was the most tolerant one. Also, the
experiment performed at 150 mM NaCl confirmed that
Najeh was the best genotype which surmounted a severe
salt concentration (Fig. 4). This result was approved by
the PCA analysis in Fig. 1B, where Najeh and Chourouk
genotypes were diametrically opposite. Taken together,
these data revealed that the pair of faba bean genotypes
selected according to contrasting behavior toward salinity
stress was Najeh and Chourouk. Consequently, the multi-
variate analysis PCA seems to be an efficient tool for the
discrimination between the genotypes with contrasting
behavior towards salinity.

Discussion

The absence of any effective evaluation method for salt
tolerance in the process of screening can be one problem
of the conventional method for salt-tolerance breeding.
This experiment was carried out to identify morphologic
and physiologic parameters which can be used to appraise
tolerance to salinity and evaluate genotypes for relative
salt tolerance by multiple parameters at the seedling stage
using multivariate analysis. In this experiment, a significant
genotypic variation was recorded for salinity tolerance
which was evaluated using six faba bean genotypes in
hydroponics based on 21 physiological and morphological
traits at different salt concentrations (moderate and
severe). To manage this situation, it is important to use the
percentage decrease or tolerance indices in relation to the
control average for genotype classification. Many studies
used salt tolerance indices and biplot analysis to screen
stress-tolerant genotypes (Mitra 2001, Farshadfar and
Sutka 2002, Mohammadi et al. 2010, Gholinezhad et al.
2014). In general, the salt tolerance indexes were reduced
in salt-sensitive genotypes with increasing salinity.
In order to analyze deeply the different salt tolerance
response of the studied genotypes, we further used the
salt tolerance indices to distinguish between contrasting
genotypes. A cluster analysis was used in this study to
facilitate the evaluation of salt tolerance among genotypes.
The major advantages of the utilization of a multivariate
analysis are the allowance of a simultaneous analysis
on multiple parameters and the increase of the accuracy
in the rankings of genotypes. Another advantage is the
convenience to rank genotypes when plants are evaluated
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Fig. 3. The water-use efficiency (WUE) percentage decrease (4)
and the number of leaves (NL) percentage decrease (B) at 75 mM
of NaCl. All values are means + SD. The data followed by
different letters are significantly different at p<0.05.

Table 4. Indices of tolerance to salt stress calculated from the
most selective parameters in faba bean genotypes treated with 75
and 150 mM of NaCl. The salt tolerance index was defined as the
observations under salinity divided by the means of the controls.
C; — substomatal CO, concentration; MFR — mass of fresh root,
NL — number of leaves; WUE — water-use efficiency.

Genotypes 75 mM NaCl 150 mM NaCl
WUE NL MFR G
Chourouk 0.366 0.742 - -
Saber-02 0.655 0.779 - -
Bachaar 0.674 0.850 - -
Badii 0.779 0.843 0.646 0.386
Local 0.854 0.937 0.431 0.329
Najeh 0.944 0.945 0.799 0.456

at different salt concentrations, e.g., moderate and high
salt contents. Using multivariate analysis, we could select
faba bean genotypes with contradictory behavior towards
salinity. In Tunisia, faba bean is among the most valuable
grain legume pulses (Kharrat and Ouchari 2011). Salinity
is one of the major obstacles to increasing crop production
worldwide. It becomes the principal abiotic stress that
negatively affects faba bean during the vegetative and
reproductive phases and definitely at grain production

SALINITY RESISTANCE IN FABA BEAN

(Ali et al. 2013, Nouairi et al. 2019). The data of our
study showed wide genotypic differences in response to
salinity (Fig. 1). Tavakkoli et al. (2012) reported that the
genotypic variation is determined by the concentration
of salt. The most useful indices for evaluating tolerance
to salinity stress in faba bean at 75 mM NaCl were NL
(biomass) and WUE (photosynthesis) exhibiting the
highest contribution to the description of PC1 and PC2
(12.744 and 10.149, respectively; Table 1). At 150 mM
NaCl, the two major parameters for the axes of the PCA
plot were MFR (biomass) and C; (photosynthesis). Similar
results were found by Shafi et al. (2009) and Mahlooji
et al. (2018), confirming that biomass and photosynthetic
parameters were affected less in tolerant genotypes than
those in sensitive ones. Salinity leads to osmotic effect
which caused the augmentation of abscisic acid (inhibitor
of growth), decrease in gibberellins (promoters of growth)
and indole-3-acetic acid, and disturbed water balance.
These problems contribute to ionic imbalance, the closing
of stomata, and reduction in the photosynthetic enzymatic
process which affects the growth of the plant (Semida
et al. 2014). Therefore, the decrease in plant growth might
be due to salinity-induced toxicity on photosynthetic
apparatus and structural alterations in plants (Nouairi
et al. 2019). According to our results, tolerant faba bean
genotypes were capable to conserve their photosynthesis
and biomass and therefore surmount salinity conditions.
Photosynthetic and biomass parameters were considered
as the most discriminating features to classify faba bean
genotypes. A similar study showed that tolerant cultivars
of barley had gas-exchange traits unmodified or less
affected under salinity stress (Mahlooji et al. 2018). In
this study, significant fluctuations occurred in Py, E, and
Ci under stress conditions. Similar results were reported
by Sikder et al. (2015). These authors confirmed that
salinity conditions clearly reduced gas-exchange features,
such as Py, E, and C,, in studied genotypes. CO,-exchange
characteristics have been considered as a crucial indicator
of plant growth, due to their direct relation to productivity
(Ashraf 2004). The rate of the uptake of CO, and water loss
via leaf stomata were affected by stomatal conductance.
As well, the reduction in gas exchange might be attributed
to toxic ions that affect electron photosynthetic transport
and metabolism of carbon (Pirasteh-Anosheh et al. 2016).
Recent study demonstrated that the g, showed a high
and substantial variation among rice cultivars under
environmental conditions proposing that the photosynthetic
characteristics can be good parameters to be used in rice
breeding (Qu et al. 2017). Our results indicated that tolerant
genotypes exhibited conservation of WUE during the salt
treatment. In the same way, Bidalia et al. (2017) confirmed
that the preservation of WUE can help Mitragyna
parvifolia to surmount salinity stress. The same results
were obtained by Ben Chikha et al. (2016) suggesting
that biomass and photosynthetic parameters, especially
total fresh mass and net CO, assimilation, can be applied
as suitable descriptors to assess salt tolerance in barley.
Our results were also in agreement with those of Agastan
et al. (2000), Huang et al. (2015), and Li ez al. (2013), who
proved that photosynthetic capacity is an important trait for
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Fig. 4. The mass of fresh root (MFR) percentage decrease (4)
and the substomatal CO, concentration (C;) percentage decrease
(B) at 150 mM of NaCl. All values are means + SD. The data
followed by different letters are significantly different at p<0.05.

the plant to tolerate salt stress. Considering biomass and
photosynthetic parameters, we could select pair genotypes
with contradictory behavior to salinity which is Najeh as
tolerant and Chourouk as sensitive. Our research suggests
that Najeh genotype should be introduced in a cross
breeding program as an elite salt-tolerant germplasm. The
use of multivariate analysis is a powerful tool to identify a
pair of faba bean genotypes with contrasting responses to
salinity. Our findings suggested that screening for tolerance
to salt conditions can be based on physiological and
photosynthetic markers. We could prove here the presence
of genetic potential for tolerance to salt tress among faba
bean genotypes. Tolerant genotypes can tolerate a severe
concentration of salt up to 150 mM NacCl for a long period.
The identified parameters and evaluation method for salt
tolerance can then be applied to breeding practices under
field conditions.

Conclusions: Taken together, the overall results from
this research suggest that salinity stress significantly
inhibited the growth traits as well as the photosynthetic
parameters in faba bean seedlings, especially at the higher
concentration. Wide genotypic differences were observed
for relative salt tolerance in terms of photosynthesis
and biomass. The WUE, C;, MFR, and NL were the
most contributing to the variations among investigated
parameters. Genotypic differences were also identified in
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other studied parameters, but those characteristics were
not strictly correlated with relative salt tolerance among
genotypes. Only one genotype, Najeh, was identified as
the most tolerant under moderate and severe salt stress,
while we observed the high susceptibility and dramatic
changes in salt tolerance associated traits in cv. Chourouk
at the seedling stage. The use of cluster group ranking of
genotypes based on multiple morphologic and physiologic
characters can be applied in salt tolerance breeding to
evaluate salt tolerance among genotypes with a great
advantage over conventional methods.
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