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Abstract

The success of programmes improving barley performance under abiotic stress must go through an understanding of mecha-
nisms developed by the plant to counteract this stress. Our study fits into this framework. It aims to evaluate six barley genotypes
from the MENA region, treated with two salinity levels: 1.2 and 14 dS/m. Three genotypes are salt-tolerant, and three are sensitive.
They were grown under a controlled environment and in 40L PVC tubes using sand and perlite as substrate. The evaluation was
based on 15 morpho-physiological parameters related to water, ion content, temperature, and chlorophyll fluorescence.

The results confirm the existence of genetic variability for salt tolerance. Two Tunisian landraces ‘Suihli’ and ‘Ardhaoui’ and Oma-
nis landraces ‘Batini 100/1B’ were not affected. Conversely, ICARDA20’ and ‘Barley Mednine’ appeared to be sensitive to salt stress
with a maximum reduction of 35% for improved genotype ‘Konous’.

Results also show that salt tolerance in barley cannot be exclusively attributed to a single mechanism. All studied parameters
significantly (p < 0.001) contributed to it. However, Stepwise regression revealed that plant water status expected by RWC is the key
for salinity tolerance as well as a positive effect of K+ content, Fm/Fv, and leaf Temperature on proper water status.

The results highlight the effeteness of one visual trait, the salinity damage index (DI), to estimate barley tolerance. Indeed, a strong

correlation was observed between DI and the biomass reduction (P < 0.001, r? = 0.96). In addition, correlation analyses showed that

all parameters were inversely correlated with the DI.
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Abbreviations

SSI: Salinity Sensitivity Index; DI: Damage Index; TDW: Total Dry
Weight; LA: Leaf Area; T: Leaf Temperature; RWC: Relative Water
Content; SPAD: SPAD Value; RV: Root Volume; Fv/Fm: Chlorophyll
Fluorescence; Chl_a: Leaf Content in Chlorophyll a; Chl_b: Leaf
Content in Chlorophyll b; Car: Carotenoids; Na-L: Na* Content in
Leaves; Na_R: Na* Content in Roots; K_L: K* Content in Leaves; K_R:
K* Content in Roots; Ca_L: Ca?* Content in Leaves; Ca_R: Ca?** Con-

tent in Roots

Introduction

The Near East and North Africa (NENA) region is characterized
by an arid and semi-arid climate that extends over the majority of
the territory as well as by a significant intra- and inter-annual vari-
ability of rainfall and temperature, hence the obligation to make
complementary and even total irrigations to ensure the survival
and productivity of the culture. Water supplies for irrigation are
scarce, and many contain high levels of salt. The weather forecasts

for the years ahead are even harder.
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Indeed, studies about the resilience of ecosystems to climate
change indicate an increase in temperature and a decrease in pre-
cipitation by the year 2030. Thus, the lack of water and its poor
quality are the most limiting factors facing NENA region agricul-
ture, mainly in arid and semi-arid areas. The valorization of these
areas is particularly challenging due to the degree of salt tolerance
of the cultivated species, which are, for the most part, sensitive gly-
cophytes [1]. The best approach is to use species that are tolerant
of salt. It thus requires an adequate varietal choice. Barley is among
the crops that value arid areas and salty environments [2], but its
productivity remains insufficient, and the average grain yield in
those areas never exceeds 0.5 t ha-1 [3]. Breeding efforts should
be made to select productive varieties that are adapted to abiotic

stresses such as salinity.

Indeed, the breeding program’s success is based on the under-
standing of the mechanisms of salt stress on plants and their re-
sponse to overcome it. Thus, studying the morpho-physiological
behavior of barley genotypes in response to salinity is crucial for
their discrimination and the selection of tolerant varieties. In this
context, for marginal areas characterised by a multitude of concur-
rent stress (salinity, heat stress, low soil fertility, etc.), local barley
could be a source of discovery of interesting characters for toler-
ance to these constraints [4-6]. These genotypes could be a source
of genetic variation for crop improvement. Wu,, et al. [7] reported
that salinity tolerance mechanisms could be grouped into three
main mechanisms, namely, Na* exclusion, osmotic tolerance, and

tissue tolerance.

Plant physiology offers several parameters for investigating the
effects of abiotic stresses on plant growth and yield. Salinity toler-
ance is the phenotypic expression of a complex set of biochemical
and morpho-physiological properties attributed to multiple mech-
anisms, including Na* exclusion, Na* sequestration in vacuoles, K*
retention in the cytosol, osmotic adjustment and xylem control [7].
The absorption of Na* and Cl must be limited, while maintaining
the absorption of macronutrients such as K*, NO* and Ca®* [8,9].
Cytosolic K* is essential for the activation of several metabolic en-
zymes and for the reduction of the activity of endonucleolytic en-
zymes responsible for triggering programmed cell death in cells
affected by salt [10]. Several regulatory mechanisms based on the

presence of calcium and its role in Ca?* signaling have been identi-
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fied as indicators of salt tolerance [11]. Salinity tolerance was cor-
related with Na*/Ca?* selectivity [12] based on a simple exchange
of ions at the plasma membrane surface [13]. Jones., et al. [14]
mentioned that leaf temperature is an indicator of the stomatal
conductance of barley grown under a range of salt treatments.
Indeed, the effeteness of this parameter as selected criteria. Mea-
surements of photosynthetic activity can, therefore, also transmit
valuable information about the “state of health” of plants [15] and

particularly facing salt stress [16].

Discoveries on salinity tolerance mechanisms must be applied
to crops to improve their degree of tolerance [17]. Effective phe-
notyping, meant to differentiate between genotypes, is needed for
yield improvement in saline environments [18]. However, cost and
time can affect the efficiency of varietal selection and breeding pro-
grams. For that reason, we have to reduce the number of traits to

consider only a few key ones and/or a quick efficacy visual test.

This study focuses on salinity tolerance in contrasting pairs of
barley genotypes for a better understanding of the physiological

origins of this tolerance and the easiest method to estimate it.

Materials and Methods

Plant material

Six barley varieties (Hordeum vulgare. L) of different origins
were studied, three are salinity-sensitive, and three are tolerant to
salt stress. Three varieties were obtained from the International
Center for Biosaline Agriculture (ICBA), Dubai, United Arab Emir-
ates (Table 1).

Genotypes Genetic Origin Tolerance| Reference
Class

Konouz v Tunisia (North) | Sensitive [45]

Ardhaoui LA Tunisia (Mareth) | Tolerant [46,47]

Suihli LA Tunisia (Mahdia) | Tolerant [45,46]

Barley LA Tunisia (ICARDA) | Sensitive [46]

Mednine

ICARDA 20 v Introduced Sensitive [47]

(ICARDA)
100/1B LA |Introduced (Oman)| Tolerant [48,49]

Table 1: Characteristics of the tested varieties.

IV: Improved Variety; LA: Local Accession.
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Environment, treatments and experimental design

Source of Barley salt tolerance was studied in glass greenhouse
using a semi-hydroponic culture technique at the National Agro-
nomic Institute of Tunisia (INAT). Six genotypes were grown in
PVC tubes (1.2m length and 0.2m in diameter) containing a mixed
substrate of 70% perlite and 30% sand. Twelve seeds were sown
manually per tube. The plants were regularly irrigated with 120 ml
of %2 Hoagland solution (pH: 5.5 to 6) (Arnon and Hoagland, 1940).
At the three-leaf stage, ten plants were left to ensure the uniformity
of the test. Then salinity treatment commenced and two water ir-
rigation treatments differing by the level of salinity: 1.2 dS/m and
13 dS/m were applied, similar to standard salinity water in arid
Tunisian area [6]. The essay was arranged in a completely random-
ized block device with five repetitions. Harvesting was done at the

flowering stage, 121 days after sowing.

Measured parameters

Morphological parameters

At 120 days after sowing, plants were collected, roots, and
shoots part were separated. The roots were cleaned and immersed
in a known quantity of water to determine their volume in cm?,
which was equal to the difference between water level before and
after immersion. The flag leaf area of each plant was determined in
cm? using a LICOR benchtop planimeter. Both aerial and root parts
were dried in the oven for 72 hours at 80°C and weighed to deter-
mine their total dry weight (TDW).

Physiological parameters
Ten flag leaf taken at random from each tube were arbitrary
sampled to determine selected salinity tolerance parameters were

measured according to Tester M and Davenport R [19].

Canopy temperature

The Canopy temperature measurement was performed using

Sixth Sense LT300 Infrared Thermometer Technologies, USA).

Chlorophyll fluorescence and chlorophyll content measure-

ments

Chlorophyll characteristics were directly recorded using a chlo-
rophyll meter SPAD (Soil Plant Analysis Development, Minolta
SPAD 502 Meter, Osaka, Japan) and Chlorophyll fluorescence char-

acteristic (Fv/Fm) was recorded using a portable multimode chlo-
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rophyll fluorometer (Model, OS5P Optisciences, Inc. Winn Avenue
Hudson, USA). Chlorophyll pigments a, b, and carotenoids (m/gFM)
were extracted and determined from the same leaves, according to

Torrecillas A, et al. [20], Arnon., DI [21] respectively.

Ion concentration Na+, K+ and Ca2+

Ion measurements were obtained as described by Pauwels JM.,
etal [22]. The Na*,K*, and Ca?* were measured using standard flame
photometer procedure (MODEL PFP7 Flame photometer, JENWAY,
Bibby Scientific Ltd, UK) and reported as mg g dry weight.

Relative water content

The relative water content (RWC) of each fresh leaf sampled is
determined and calculated according to Gonzalez L and Gonzalez-
Vilar M [23].

Damage index (DI)

Saline stress damage index was scored averaging the damage
index from zero to ten (0-no visual symptoms of the damage, 10-
symptoms are very visual) using criteria such as the extent of leaf
chlorosis, the number of dead leaves and the survival rate of the
tillers [24,25]. The final value of DI for each genotype was the av-

erage of five replicates (each replicate was the average of 8 plants

per pot).

Statistical analysis
Salinity sensitivity index (SSI)

Tolerance to salinity was assessed for each genotype using the
Salinity Sensitivity Index (SSI). The SSI values were calculated for
each genotype and each parameter as the ratio between the param-
eter value (X) measured under salt stress (Xs) and the measured

value without salt stress (control) (Xc) [26]:

SSI = (Ys/Y:) + 100

The data were subjected to statistical analysis using the statis-
tical software R version 3.1.2. All variables were analyzed using
a linear variance analysis model (ANOVA p < 0.05) to study the
significance of genotype effects, salt treatments, and interaction
treatment*genotype. Multiple comparisons were processed using
Duncan’s multiple range test (a = 0.05). Descriptive statistics were

performed on the original scores of the variables. A correlation
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matrix with significance levels (p-value). Correlation analysis using Pear-
son parametric correlation test was performed to determine the correla-
tion coefficients and the p-value of the correlation for all possible pairs of
columns in the data table. Stepwise regression was carried out to group
the different parameters and to schematize the relationships between the

parameters and their contributions to salinity tolerance.

Results

Effect of salinity on the studied parameters

The analysis of variance performed on the different morphological and
physiological parameters measured in the six barley genotypes is sum-
marized in table 2. The salinity of irrigation water appears to induce sig-
nificant growth and development disturbances for all the tested varieties.
The results showed a significant difference (p < 0.001) between control
(EC: 1.2 dS/m) and saline (EC: 13 dS/m) conditions according to the Fisher
variance comparison test for most of the measured parameters, except for
chlorophyll b and carotenoids. Besides, a significant difference was ob-
served (p < 0.001) between varieties for all parameters. The interaction
Treatment*Genotype was also significant for all parameters except the
SPAD value indicating a difference in varietal behavior to the salinity treat-

ment.

The comparison between biomass produced by the six barley geno-
types irrigated with the two contrasted salty water treatments (1.2 dS/m
and 14 dS/m) confirms that the two local accessions, Ardhaoui and Sui-
hli, and the Oman local one Batini (100/1B), are the most tolerant to salt

stress. Ardhaoui and Suihli are especially not affected by stress, unlike the

(Hordeum vulgare. L) to Face Salt Stress Damage
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Parameters Treatment Genotypes Interaction
SDW <0.0001 <0.0001 0.00612
LA <0.0001 <0.0001 <0.0001
RV <0.0001 <0.0001 0.00499
T <0.0001 0.00958 <0.0001
RWC <0.0001 <0.0001 0.0157
SPAD 0.2887 <0.00109 0.61532
Fv/Fm <0.0001 <0.0001 <0.0001
Na_L 0.00916 <0.0001 0.00925
Na_R <0.0001 <0.0001 <0.0001
K L 0.01190 <0.0001 0.00561
KR <0.0001 <0.0001 <0.0001
Ca_L 0.0444 <0.0001 0.0176
Ca_R <0.0001 <0.0001 <0.0001
Chl.a 0.0200 0.0136 <0.0001
Chl_b 0.306 <0.0001 <0.0001
Car 0.42 <0.0001 <0.0001

Table 2: Analysis of variance and significance levels observed (p-values) for

the effects of Saline Treatment, Barley Genotype and their Interaction for Total

Dry Weight (TDW), Leaf Area (LA), Leaf Temperature (T), Relative Water Con-

tent (RWC), SPAD value (SPAD), root volume (RV), chlorophyll fluorescence

(Fv/Fm), leaf content in chlorophyll a (Chl_a), b (Chl_b) and carotenoids (Car)

Na* content in leaves (Na-L) and roots (Na_R), K* content in leaves (K_L) and
roots (K_R) and Ca* content in leaves (Ca_L) and roots (Ca_R).

three genotypes BarleyMednine, ICARDA20, and Konouz that recorded the

most significant reduction in biomass (35%) (Table 3).

Geno- Salinity Sensitivity Index (SSI)

types TDW AS RV T RWC | SPAD | Fv/Fm

Na_L | Na_R K-L K-R Ca-F Ca-R | Chl.a | Chlb Car

P-value 0.00176 0.00108/0.00405|0.00131/ 0.0023 [0.00092/0.00074

0.0399(<0.0001/<0.0001/<0.0001/0.00157| 0.0011 |<0.0001|<0.0001| 0.002

Ardhaoui 11| 99.99a | 99.65a | 101.2a | 99.34c | 99.93a|91.68b | 97.18a

113.7a|85.39ab| 94.12a | 100a | 106.7a| 100a |89.61de| 166.9a |81.03cd

100/1B |10{89.44abc| 88.81a | 68.12bc| 99.42c | 99.99a | 104.8a | 97.16a

87.04ab| 76.79b | 94.74a | 95.56a | 95.83a| 100a | 117.9b | 106.2b [141.8ab

Barley 2 (81.21bcd| 53.8b | 57.91c |116.8ab/92.48ab| 91.01b | 83.81b
Mednine

69.52b| 53.07d | 69.49b | 66.71c | 58.93b |58.61cd|96.48cd| 102.2b 85.11cd

ICARDA |4 | 74.85cd | 65.57b | 80.16ab | 120.4a |92.72ab| 91.89b | 87.75b
20

87.88ab 91a |60.58b|59.69d|67.62b | 43.45d | 80.14° | 90.29b | 169.2a

Konouz |5 | 66.92d |62.55b|89.63ab | 106bc | 89.79b | 102.8a | 75.86c¢

92.35ab) 63.32c | 83.68b | 86.63b | 95.24a |73.21bc| 104.5¢c | 86.22b | 54.12d

Suihli 12| 97.19ab | 88.03a | 84.38ab | 98.75c | 100.8a | 106.3a | 96.36a

99.53a| 86.09a | 98.15a | 95.69a | 95.24a |88.89ab| 151.9a | 81.56b |108.5bc

Table 3: Significance levels (p-values) for differences and pairwise comparison of 6 barley genotypes for Salinity Sensitivity Index (SSI) for Total Dried
Weight (Total and Root) (TDW)), Leaf area (LA), Leaf temperature (T), Relative water content (RWC), SPAD value (SPAD), Root volume (RV), Chlorophyll
fluorescence (Fv/Fm), leaf chlorophyll content (Chl_a), b (Chl_b) and carotenoid (Car), Na* ion content in leaves (Na-L) and roots (Na_R), K* content in
leaves (K_L) and roots (K_R) and Ca?* content in leaves (Ca_L) and roots (Ca_R).
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A strong correlation was observed between the salinity dam-
age index and the reduction in biomass (SSI-TDW) (P < 0.001, r? =
0.96). Thus, the salt effect can be estimated visually by visual index
(Figure 1).

Figure 1: Correlation between the salinity sensitivity index
calculated for the total dry weight (SSI-TDW) and the
salinity-induced damage index (DI). Data are means * standard

error of eight plants.

The average comparison test of the SSI with the studied param-
eters in table 3 showed that the three tolerant genotypes had the
best values for water content (RWC), SPAD, photosynthesis activity
(chlorophyll pigments and chlorophyll fluorescence), retention ca-
pacity of K* and Ca?* leaf and root and a low concentration of Na*,

thus, an arsenal of mechanisms of tolerance to salinity.

Involvement of measured parameters in the salinity tolerance

process

The number of morphological and physiological features per
genotype implicated in the tolerance among the 15 traits studied
was determined by counting the parameters that significantly have
the best tolerance index values according to the Duncan mean com-
parison test. A strong negative correlation was observed in figure 2
between the damage index and the number of traits involved in the
tolerance (R?=-0.82, p <0.001).

Damage index: Correlation between the studied parameters
and the impact of the salinity

In order to identify the physiological processes that are re-
sponsible for a genotype tolerance, a correlation between the ISSs

relative to all measured parameters and the damage index was per-

formed.
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Figure 2: Correlation between the numbers of morphological and
physiological traits per genotype, involved in salt tolerance among

the 15 traits studied, and the salinity-induced damage index (DI).

DI is inversely correlated with all the studied parameters. DI
proves how effective they are in estimating salinity-induced dam-

age and, therefore, tolerance to salinity.

The results show a perfectrelationship (r ~1, p <0.001) between
the SSI-RWC and the ID (Figure 3). Besides, a strong correlation
was observed (R? = 0.8) between SSI-T and salinity-induced dam-

age (ID) (Figure 3). Barley leaf temperature increases at 14dS/m.

Other vital traits in avoiding the salt effect are K* capacity reten-
tion in roots and in shoots, with a correlation (R? = -0.8 and -0.9,
respectively) for both (Figure 4). The three salt-tolerant barley
genotypes had higher K* content at the root than the three salt-
sensitive genotypes (Table 3).

A strong negative relationship between salinity damage was
found between photosynthetic apparatus reactions estimated by
the efficiency of light-harvesting of photosystem II (SSI-Fm/Fv)
and DI in the presence of stress (R? = -0.9, p <0.01) (Figure 3).

Stepwise regression to schematize the physiological sources

of tolerance

The relationships between the studied parameters and their
contributions to salinity tolerance expected by DI were analyzed
using multiple linear regressions (stepwise) and schematized in
figure 4 using stepwise regression. It shows the direct impact of
the RWC (r? = 0.95, p = 0.04) on the tolerance variation expressed
by the DI as well as the impact of the retention capacity of K* (r? =
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Figure 3: Correlation matrix with significance levels (p-value)
between salinity-induced damage index (DI) and salinity sensi-
tivity index calculated for all stated traits. Positive correlations
are displayed in green and negative correlations in red color. The
color intensity and the size of the circle are proportional to the
correlation coefficients. On the right side of the correlogram, the
legend color shows the correlation coefficients and the corre-

sponding colors.

Figure 4: Schematization of the relationship found after stepwise
analysis with salinity tolerance expected by DI for the whole set
of six barley genotypes as a dependent variable and the fifteen

tested parameters as independent variables.
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0.8, p = 0.02) and the Fm/Fv (r? = 0.28, p = 0.02) on the RWC. The
direct involvement of RWC in salinity tolerance and involvement
of K* and Fm/Fv in RWC was also noticed. It is correlated with the

drop in yield due to salt stress.

Discussion

The comparison between biomass produced by the six barley
genotypes irrigated with no saline (EC: 1.2 dS/m) and saline water
(EC: 13 dS/m) and the other 14 parameters confirms that the re-
sponse to salinity generally manifests in barley by a negative effect
on all major processes such as photosynthesis, energy metabolism,
and the water status [7,17].

This study further confirms that the two local accessions Ard-
haoui and Suihli and the Oman local one Batini (100/1B) are more
tolerant to salt stress. Ardhaoui and Suihli are particularly not af-
fected by stress, unlike the three genotypes BarleyMednine, ICAR-
DA20, and Konouz that recorded the most significant reduction in
biomass (33%) (Table 3). Thus, local barley genotypes could be an

essential source for finding new sources for salinity tolerance [5,6].

Salt stress effects can be observed visually from morphological
symptoms (Table 3). Thus, a correlation was observed between
these symptoms (damage index) and the reduction in biomass (SSI-
TDW) (P < 0.001, r? = -0.96). This study highlights the importance
and effectiveness of this visual index for estimating the stress and
thus deducing the level of tolerance of the barley genotype [25-27].

Involvement of measured parameters in the salinity tolerance

process

The number of traits involved in the tolerance per genotype
among the 15 traits studied was determined by counting the pa-
rameters that have the best tolerance index values, according to
the Duncan test (p < 0.05). We found a robust negative relationship
between the damage index and the number of traits involved in the
tolerance (R?=-0.82, p < 0.001) (Figure 2). On the one hand, more
barley genotypes use defense mechanisms. The higher is its level
of tolerance to salinity. On the other hand, under stress conditions
related to salinity, tolerance is the phenotypic expression of a set of
complex physiological, biochemical, and morphological properties

that may interact with one another [28].

The tolerant local genotype has developed many mechanisms to

tolerate salt stress [7,17].
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Correlation analysis using Pearson parametric correlation test
presented in the matrix in figure 3 shows that DI is inversely cor-
related with all the studied parameters. This proves how effective
they are to estimate salinity-induced damage and, therefore, toler-
ance to salinity, and these traits can be summarised in one visual

trait.

A perfect correlation (r ~1, p <0.001) between the SSI-RWC and
the ID (Figure 3) has shown that relative water content (RWC) is
associated with stress tolerance. RWC is widely used to determine
the water status of plants compared to their turgescent state [29].
Irrigation with salt-water reduces the ability of the roots to draw

water from the soil [30].

Studying variations of temperature allowed the classification of
the six genotypes on tolerant or sensitive (Table 3) and confirmed
the work of Munns R, et al [31]. Also, a correlation was observed
(R% = 0.8) between leaf temperature (T) and salinity-induced dam-
age (ID) (Figure 3). Sirault XRR,, et al. [32] found that the difference
between barley leaf temperature grown at 200 mM and 0 mM NaCl
is about 1.6°C.

A strong correlation between leaf and root capacity to retain K*
and barley salinity tolerance was found (R? = -0.8) for both (Figure
3). This shows that the retention of K* in roots is another crucial
trait for salinity tolerance [33]. This correlation has been reported
for several species, including barley [34-36]. The retention of po-
tassium in the mesophyll is essential for salt tolerance [33]. Cyto-

solic K* is essential for the activation of several metabolisms [10].

Our results show that calcium retention is an indicator of salt
tolerance. Maathuis FJM,, et al. [11] have identified its role in sig-

naling and several regulatory mechanisms.

However, we did not find a clear distinction in Na* content in
leaves between tolerant and sensitive genotypes. The two sensitive
genotypes, [CARDA20 and Konouz, behave as tolerant (Table 3).
The tolerant genotype Ardhaoui contained significantly more Na*
than the other varieties. Some research has mentioned the absence
of a clear correlation between leaf Na* content and plant salt toler-
ance [37]. This is probably due to the sequestration of Na* in the
vacuole in order to protect the cytoplasm. Indeed, the total amount
of Na* absorbed by the other genotypes is located in the cytoplasm,
where all the biochemical mechanisms sensitive to Na* exist. Wu H.,
et al. [38] defended this hypothesis by visualizing the intracellular
distribution of Na* in leaf tissues using fluorescent sodium in two

different barley varieties (‘Numar’ tolerant, ‘Gairdner’ sensitive).
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A correlation was observed (R? = 0.86) between the efficiency of
light-harvesting of photosystem Il (Fm/Fv) and DI (Figure 3). The
chlorophyll fluorescence enlightens us on how the photosynthetic

apparatus reacts in the presence of stress.

Kalaji HM., et al. [39] confirmed this hypothesis following com-
parison between the salt-tolerant barley genotype ‘Arabi Aswad’
and the sensitive genotype ‘Arabi Abyad’. As a result, early reactions
of the photosynthetic apparatus in barley may play a key role in salt
stress tolerance. Jiang Q., et al. [26] indicate that this selection cri-
terion has proven to be reliable about the photosynthetic efficiency

of 14 barley genotypes subjected to salt stress.

Chlorophyll contents a and b and SPAD values were inversely
correlated with DI (Figure 3). According to Shah SH., et al. [40]
the decrease in chlorophyll content follows the application of salt
treatment. These results are consistent with those found by Cheikh
MH,, et al. [41] in barley. The recorded reduction of chlorophyll
content a or b is responsible for the decrease of photosynthesis,
plant growth and productivity [40]. However, this reduction is
variable depending on the level of tolerance of the genotypes. For
instance, chl_a content in Ardhaoui and Batini (100/1B) is almost
unaffected by salinity (Table 3).

The correlation between leaf area (LA) and DI (r = -0.9) con-
firmed that LA was significantly reduced after irrigation with salt
water. Alem C, et al. [42] prove that the decrease in grain yield is
positively correlated with the decrease in leaf area, which confirms
our results (Table 3). It is also correlated with a decrease in photo-

synthesis and transpiration.

Stepwise regression to schematize the physiological sources

of tolerance

Stepwise regression was used to show the impact of the RWC
(r?=0.95, p = 0.04) on the tolerance expressed by the DI. As well as
the impact of the retention capacity of K* (r? = 0.8, p = 0.02) and the
Fm/Fv (r? = 0.28, p = 0.02) on the RWC.

The involvement of RWC, K* and Fm/Fv in salinity tolerance was
noted, which is correlated with the drop in yield due to salt stress.
Indeed, our results show that in salt conditions, water status is the
key to tolerance. Thus, the tolerant genotype adjusts its osmotic
potential to ensure, on the one hand, the absorption of soil water

and, on the other hand, the retention of intracellular water and the

Citation: Zied Hammami, et al. “The Arsenal of Morphological and Physiological Mechanisms Adopted by Barley (Hordeum vulgare. L) to Face Salt Stress

Damage". Acta Scientific Agriculture 4.7 (2020): 92-101.



The Arsenal of Morphological and Physiological Mechanisms Adopted by Barley (Hordeum vulgare. L) to Face Salt Stress Damage

maintenance of turgor [43]. Barley can ensure this by maintaining
K* cytosolic homeostasis via releasing the vacuolar K* in the cytosol
and thus replacing it by Na* to maintain the osmotic pressure in the
vacuole. Therefore, the retention of potassium in the mesophyll is

essential for salinity tolerance [33].

The role of light-harvesting of photosystem II on the water’s sta-
tus can be explained by the sensitivity of some components in the
photosynthetic electron transport chain, notably the efficiency of
the water-splitting complex on the donor side of PSII (Fv/Fo).

Leaf temperature is also an indicator of the water’s status. In-
deed, there was an active correlation between direct measure-
ments of leaf temperature and stomatal conductance of barley
grown under different salt treatments [14]. Thus, it makes it pos-

sible to estimate water status for each genotype.

Tolerant genotypes can maintain physiological activity while
maintaining a functional water status, which translates into better
vegetative development. K* and stoked water in the vacuole does
not cost energy to the detriment of production when they are liber-
ated to the cytoplasm [44].

Conclusion

A study of specific parameters made it possible to differentiate
the levels of salinity tolerance of different barley genotypes and to
show the arsenal of the physiological mechanisms adopted by the
two genotypes coming from Tunisian local population Suihli and
Ardhaoui and the Omani local accession introduced Batini 100/1B
against salt stress. In recent years, several physiological variables,
such as photosynthetic efficiency and plant temperature, have be-
gun to be widely used in plant breeding programs to evaluate crop
performance during growth under various adverse environmen-
tal conditions such as salinity. The results obtained in this study
confirmed the efficiency of these variables for selection. Therefore,

more weight should be assigned to the RWC and K*.

Results also show that tolerance to salinity and these fifteen
traits can be summarised in one visual trait, salinity damage index,
to estimate salinity-induced damage and then the tolerance or the
sensitivity. This index can be adequately applied to accelerate and
reduce the cost of breeding programmes to improve yield under

salt stress.
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