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Summary

Salinity is one of the major abiotic environmental stresses affecting plant crops. The
present study was conducted at the regional lab of the National Seed and Plant Control and
Certification Center (CNCC) of Sétif, Algeria. The purpose of this study was to assess the
behavior of twenty bread wheat (Triticum aestivum L.) varieties under different salt stress
concentrations (0, 50, 100 and 150 mM NaCl) at seedling stage under hydroponic conditions.
Accordingly, the results indicated that NaCl induced significant decreases in roots length and
number, coleoptile length, root and shoot fresh weights; and each variety reacted differently
as indicated by the ‘genotype x salinity’ effect. Moderate (100 mM) and high (150 mM) salt
stress were the most discriminating traits between sensitive and tolerant cultivars. Based on
salt sensitivity index (SSI), the evaluated genotypes were grouped into three clusters. SSI
identified Mezghana (V,), Almirante (V,), Sensas (V,,), Florence Aurore (V) and Pinzon
(V,,) as the most tolerant cultivars. These genotypes could be used in local wheat breeding
programs for the improvement of salt tolerance.
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Introduction

Cereals are an important part of the food resources of humans
and animals. In Algeria, cereals are the main crops and are grown
on an annual area of 3.3 million hectares (INRAA, 2016). Among
cereals, bread wheat (Triticum aestivum L.) occupies a prominent
place in the diet of Algerian population. The areas reserved to
this species are located on the interior plains and highlands, in
which this crop is exposed to different types of biotic and abiotic
constraints (Fellahi et al., 2018). Among these constraints, salinity
is one of the major abiotic stresses that has negative effect on
wheat growth. According to Zorb et al. (2019), moderate soil
salinity (80 - 100 mM ie 8 dS m™ - 10 dS m™) results in an average
28% wheat yield loss. Large parts of Algerian agricultural lands
are threatened by salinity, especially those in arid zones, where
irrigated cereals are annually cultivated (Belkhodja and Bidai,
2004). However, the exploitation of these lands has become
inevitable to meet the needs of a constantly growing population
since domestic production remains unable to overcome the
local demand. This situation forces the country to import large
quantities of wheat grain with highly estimated invoices (Fellahi
et al,, 2018). Salt stress is an excess of ions, particularly, but not
exclusively, to Na* and CI ions (Zorb et al., 2019). By growing
wheat plants in different salt solutions with or without Na* or CI,
Kingsbury and Epstein (1986) attributed the salt toxicity to Na*
rather than CI". The accumulation of these ions to toxic levels
reduced the availability of water for the plants (Zhu, 2002). The
damage caused by long-term salt stress exposure is mainly due to
the ionic imbalance and toxicity due to Na* rather than the effect
of salt on the water potential (Munns, 2002). Apart from Na* and
CI" ions, Mg*, SO,” and HCO, also contribute to salt toxicity.
The amount of salts in the soil that plants can withstand without
much damage varies with families, species (Flowers and Yeo,
1995; Levigneron et al., 1995), varieties (Niu et al., 2010) and even
the stage of plant development (Flowers and Yeo, 1995). Among
cereals, bread wheat is a moderately salt tolerant crop and can be
grown in salinities up to 150 mM NacCl as long as rainfall and/
or irrigation can rescue the crop at critical stages (Shabala and
Munns, 2017). Durum wheat (Triticum turgidum ssp. durum) is
less salt tolerant than bread wheat (Munns et al., 2006), rice (Oriza
sativa L.) is much more salt sensitive (Shabala and Munns, 2017),
and barley (Hordeum vulgare L.) is by far the most tolerant (Z6rb
et al., 2019). Selection of wheat cultivars for salinity tolerance can
be done directly for a limited number of lines. However, when it
is carried out on a large number of genotypes, the most suitable
approach resides on the use of agronomic characteristics easily
measurable and highly heritable (Adjel et al., 2013). According to
Quarrie and Mahmood (1993), the plant vigor and yield stability
are the main traits that can improve salt tolerance. Indeed, despite
its limitations, plant vigor based-selection is an effective agronomic
approach to select high yielding individuals under salt stress
(Conway, 1997). Early stage selection is only possible following
experiments conducted under controlled conditions, since larger-
scale trials require more seed and fixed plant material (Hollington,
1998). As a result, germination tests and monitoring of seedling
growth are an important step in the process of assessing salt stress
tolerance. This work aims to identify the relative importance of
agronomic parameters associated with salt tolerance in bread
wheat (Triticum aestivum L.) genotypes from different origins,
to screen the different wheat genotypes for their salt tolerance at
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seedling stage, and to evaluate the effectiveness of salt sensitivity
index for screening and identification of salt tolerance wheat
genotypes.

Materials and Methods

Growth conditions

The study was conducted at the National Seeds and Plants
Control and Certification Center (CNCC), regional laboratory of
Sétif, during March-April 2018. It was focused on 20 bread wheat
(Triticum aestivum L.) registered varieties from different origins.
Seeds were provided by the CNCC center. Table 1 shows the name,
pedigree, and origin of each variety tested.

In order to determine the harmful effects of NaCl on wheat
seedlings, a germination test was initially carried out, in the
absence of salinity, under controlled conditions. Seeds of each
genotype were surface sterilized with 5% sodium hypochlorite
solution for 5 min and then rinsed with sterile distilled water
thrice (Askari et al., 2017). Seeds were then germinated in 10 cm
Petri dishes containing three layers of towel paper, which was
moistened with 10 to 15 ml of distillated water. The experimental
unit consisted of a Petri dish, carrying 100 seeds per variety with
similar size. The dishes were then placed in a culture chamber
of an automatic seed germinator (Ing. Climas type) at 22 °C, a
16/8 hours photoperiod, and 85.0% relative humidity average.
Four dishes were used per variety, where three dishes served for
germination test and the fourth one was intended to assess the
effect of NaCl on seedlings growth.

For germination test, daily counts of germinated seeds were
made during the seven days period. Seeds were considered
germinated when their radicle was at least 2 mm out (Adjel et al.,
2013). The final germination percentage (G, %) was determined,
after 7 days of sowing, as the ratio of the number of germinated
seeds (GS) to the total number of seeds incubated: G (%) = 100
(GS/TS) (Shiferaw and Baker, 1996). The mean daily germination
(MDG, seeds day-1) was obtained by dividing the cumulative
germination percentage by the number of days since sowing (Scott
et al., 1984).

For seedlings growth, germinated seeds (abnormal seeds
were discarded) from the fourth Petri dish were transferred
after 48 hours into test tubes containing 25 ml of distilled water
(control) or NaCl solutions at three concentration levels: 50, 100
and 150 mM (i.e 3, 5.844 and 9 g 1"'). Ten seeds were used for
each treatment. Salinized solutions were prepared by dissolving
NaCl in distilled water at the required concentrations. Cotton
was used as seed carrier in the test tubes, where one germinated
seed per tube was considered. Salt levels were maintained daily
by dripping out and applying fresh salt solution. A two-factorial
experiment, arranged in a completely randomized design, with
ten replications, was used. After 10 days of planting, seedlings at
Zadoks scale 12 (Zadoks et al., 1974) were collected from the test
tubes, their shoots and roots were carefully separated, and fresh
weights (SW, mg and RW, mg) immediately recorded. Seminal
roots number (RN, No.) and the maximum length of the seminal
roots (RL, cm) were determined for each treatment. The length
of the coleoptile (CL) was also measured using a graduated ruler.
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Table 1. Name, pedigree and origin of the twenty wheat genotypes tested

N° Name Pedigree Origin
V,  Mezghana Orchestrexs.306 Serasem-France
V, Anza LR/N, B x ANE, Cimmyt-Mexico
vV, Arz Mayo, /LR //H,, /3/LR //TPP/Yaktana,, Cimmyt-Mexico
V,  Djanet Acsad529/4/C182.24/C168.3/3/Cno*2/7C//CC/Tob Acsad-Syria

V. ElWifak K,,/4/Tob/Bman/Bb/3/Cal/5/Bucc Cimmyt-Mexico
V., Mahon Demias Land race Balearic Islands
V.  Anapo Eg52xBel 118 PRO.SE.ME-Italy
V,  Almirante H_, C/Recital Serasem-France
V,  Djemila 529//Prl4s4/Vee”S” Acsad-Syria

V, Hidhab HD,,,,/3*Kal/Nac Cimmyt-Mexico
V., Boumerzoug CMSS93B002555-48Y-010M-010Y-10M-7Y-0M- 4KBY-0KBY-0M Cimmyt-Mexico
V, Rmada Vee's/Bow's//Alondra's/Pavon's Acsad-Syria

V,, Hodna Hodna Acsad-Syria

V,,  Bonpain Prinqual x Cornette Florimond Desprez-France
V,,  Buffalo 521/45 363/Cimmyt 12 Serasem-France
vV, Tidis Erena CM91575-28Y-0M-0Y-2M-0Y Cimmyt-Mexico
V,  Salama Salama Florimond Desprez-France
V,  Sensas S0 179 x 32203 Serasem-France
V,,  Florence Aurore Florence x Aurore Local Landrace

\Y Pinzon Pinzon Spain

20

Acsad: Arab Center for the Studies of Arid Zones and Dry Lands, Cimmyt: International Maize and Wheat Improvement Center.

Salt sensitivity index (SSI) was calculated for each trait, as any
decrease or increase relatively to the mean values of the control
treatment, as follow:

_ C
SS1 = —
where:
1- ¥
SI==—2=
Ye

Y, and Y are the means of genotypes evaluated under saline (150
mM) and non-saline (0 mM) conditions, and ¥s and Yc represent
the mean value of all genotypes evaluated under saline and non-
saline conditions, respectively (Fisher and Maurer, 1978).

Data Analysis

The data concerning the variables measured were statistically
analyzed using the Balanced analysis of variance (ANOVA) to test
‘genotype), ‘salinity’ and ‘genotype x salinity’ effects. The model for
the two-way ANOVA with interaction is:

Yo=u+a+ ﬁj +y,t €
where Y, is the observation of the i genotype, evaluated in the j*
concentration level of salinity in the k" replicate; y is the overall
mean of the experiment; , is the effect of the ith genotype; f; is

the effect of the concentration level of salinity; y, is the effect of the

interaction between levels i and j of factors genotype and salinity;
and ¢, is the error. Whenever the ANOVA F-test was significant,
the significance of the difference between treatment means was
determined using Fisher’s least significant difference test at the
5% probability level (LSD,,.) according to Snedecor and Cochran

0.05

(1980):
LSDoos = to.os,,ZMSE/r
where: t, . is the tabulated value of the t-test at 5% probability

level for (g-1)(r-1) residual degrees of freedom; MSE is the residual
variance and r refers to the number of replications. Reduction of
the traits measured in response to salinity level was assessed, in
percentage, as compared to the control non-stressed. Genotypes
with decreases less than 20% were considered as tolerant. When
decreases were comprised between 21-40%, genotypes were
qualified as semi-tolerant. Genotypes with decreases above 40%
were considered as sensitive. In order to determine different
bread wheat genotypes and their relationships, cluster analysis
was applied (Jolliffe et al., 1989). The cluster analysis based
on Euclidean distance was performed on the basis of the salt
sensitivity index (SSI) by using Ward’s method in 150 mM level
of salinity. The statistical analyses were performed using CropStat
7.2.3 (2009) and Past software packages (Hammer et al., 2001),
and a Microsoft Excel© spreadsheet.
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Results and Discussion

The results of the analysis of the variance showed a significant
‘genotype, ‘salinity’ and ‘genotype x salinity’ significant effects
(p < 0.0001) for all the traits measured (Table 2), suggesting the
presence of a large genetic variability among the cultivars tested. A
significant salt stress effect indicated that the NaCl concentration
levels resulted in different reactions to the seedling growth
parameters. The ‘genotype x salinity’ interaction effect revealed
that the response of wheat cultivars varied among salt treatments.
As indicated by the significant salinity main effect, NaCl accounted
most of the total variation for all the measured traits including
RL (67%), RN (85%), CL (70%), RW (61%) and SW (80%). The
‘genotype’ effect explained 30%, 9%, 26%, 30% and 16%; while the
‘genotype x salinity’ interaction accounted 3% 5%, 4%, 7% and 2%
of the total variation observed, respectively for the same traits in
the same order. The assessment of the relative importance of these
sources of variations (S, G and G x S sum squares) is justified to
take advantage of the salinity effect (Table 2). Hilal et al. (1998)
as well as Askari et al. (2017) reported that contribution of the
NaCl effect was proportionally greater than the main effect of the
genotype and ‘genotype x salinity’ interaction.

In the absence of salinity, the germination percentage ranged
from 78.4 to 97.6% (Fig. 1). This range may be attributed to the
quality of seed used. According to the International Seed Testing
Association rules (ISTA, 2019), seed with a germination percentage
less than 85% is of quality. Seed quality is not only affected by
the time between harvesting and sowing, but also by harvesting
and storage conditions, including changes in temperature and
relative humidity (Elis et al., 1990). Seed-associated diseases
can also result in poor quality. Among the tested varieties, only
Boumerzoug (V,,) had a germination rate lower than the 85%
threshold. The other genotypes had on average germination
estimates varying from 86.19% for Djanet (V,) to 97.57% for
Mezghana (V). In rice and barley, Alam et al. (2005) as well as
Adjel et al. (2013) reported low seed germination in the absence
of salt and related this to poor seed quality. The daily germination
mean was recorded for Mezghana (V ), Arz (V,), El Wifak (V,),
Anapo (V,), Almirante (V,), Sensas (V ,), Florence Aurore (V)
and Painzon (V,)) genotypes, with an average estimate greater
than 14 seeds day'. The lowest rates were observed in Djanet (V)
and Boumerzoug (V, ) varieties with average estimates lower than
12.5 seeds day (Fig. 1). These results exhibited a high relationship
between the germination rate and daily germination mean, the
more germination per day, the higher germination percentage
(Fig. 1). These results are in agreement with the earlier reported
findings of Aflaki et al. (2017).
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Figure 1. Germination percentage and mean daily germination seed
averages of the tested varieties in the absence of salinity

For growth parameters, the average extreme minimum and
maximum values recorded vary according to the trait measured,
the variety tested, and the level of stress employed as indicated by
the results of the analysis of variance (Table 2). Averaged over salt
concentration levels, means of the measured variables (Table 3)
indicated that El Wifak (V,) exhibited the shortest roots (4.82 cm)
and coleoptiles (1.43 cm) lengths, the lowest roots number (2.51
roots seed™), roots (13.25 mg) and shoot (29.98 mg) fresh weights.
On the other hand, Florence Aurore (V) was distinguished by
the highest number of roots (3.53 roots seed’) and the longest
coleoptile (4.20 cm). Painzon (V,)) produced the highest roots
(51.80 mg) and shoot (107.20 mg) fresh weights. The longest roots
(13.42 cm) were recorded by Mezghana (V,) cultivar.

Averaged over genotypes, NaCl decreased the roots length
from 10.71 to 6.95 cm, the number of roots from 3.31 to 2.27 roots
per germinated seed, the coleoptile length from 2.73 to 1.87 cm,
shoot fresh weight from 78.81 to 34.75 mg and root fresh weight
from 33.24 to 17.32 mg, as salinity increased from none to 150 mM
NaCl treatment (Table 4). These results are in harmony with those
obtained by Benderradji et al. (2011), Ben Naceur et al. (2001),
Kadri et al. (2009), and Jlassi et al. (2014), who reported that
growth parameters decreased significantly as salinity stress level
increased. These researchers also mentioned that discrimination
between tolerant and sensitive genotypes was effectively
observed for the measured traits at high rather than at low NaCl
concentration levels. Munns and Tester (2008) mentioned that the
presence of salt ions around the roots had an immediate impact
on the cell growth and all associated metabolisms. Zaman-Allah
etal. (2009) added that species that maintain a relatively good root
growth under high salt stress were more tolerant.

Table 2. Mean squares of the analysis of variance of measured traits in the twenty genotypes of wheat tested

N df G% RL RN CL Rw SW
Genotypes (G) 19 53.80*** 271.46%** 5.026*** 14.929*** 4427 .50** 16545%**
Salinity (S) 3 1 604.21** 47.352%** 40.610%** 8915.7** 81125%**
GxS 57 11 22.65%** 2.759%+* 2.074*%* 1021.3*** 2363%**
Error 40 10.4 6.74 0.803 0.555 191.3 1315

SV = source of variation, df = degrees of freedom, G% = percent of seed germination, RL = root length, RN = roots number, CL= coleoptile length, RW = root fresh

weight, SW = shoot fresh weight, *** = significant effect at 0.1% probability level.
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Table 3. Mean values of measured traits in the twenty genotypes of wheat tested

Genotype RL (cm) RN (No) LC (cm) RW (mg) SW (mg)
v, 13.42* 3.05%4 2.75¢ 73.95° 34.28°
v, 9.97¢ 3.08 2.70¢ 63.20° 34.03"
v, 6.458" 2.258" 1.82" 45,80%f 18.734f%
v, 5.60" 2,684 1.898 39.50% 17.08f
v, 4,82 2.15" 1.43! 29.988 13.25¢
V, 6.921% 2.68%" 2.464 49,034 18.85¢f
v, 9.86° 3.20® 2.11%" 61.43¢ 25.33¢
V, 9.39< 3.25%® 2.43¢def 66.68 24,13
A 9.17<¢ 2.88bcde 2.10%" 52.48° 31.43°
v, 8.40° 2.58¢% 1.81" 40.25¢ 19.98¢f
v, 7.52¢% 2.58¢% 2.49¢% 45.85%s 19.03%%
v, 9.87¢ 2.73¢cdet 2.17¢% 48.15%¢ 23.43¢de
v, 6.82'% 2.48'" 1.878 47.33% 16.93'
v, 7.11% 2.63¢% 2.03¢ 51.35¢% 17.75¢%
Vi 7.86¢ 2.90Pcde 2.13fh 43,23¢def 21.03¢det
Vi 12.81° 3.10% 2.36%f 62.158 13.53¢
v, 11.30° 3.08 2.53¢ 6125 20.95%f
Vi, 11.22° 3.08 3.11° 85.09¢d 23,65
vV, 12.91° 3.53* 4.20° 102.70* 48.50°
Vo 12.95° 3.20® 3.12° 107.20* 51.80*

Mean 9.22 2.85 2.37 58.83 24.68
LSD 1.14 0.39 0.33 15.92 6.07

RL = root length, RN = roots number, CL= coleoptile length, RW = root fresh weight, SW = shoot fresh weight, Means followed by the same letter are not significantly
different at 5% probability level by the Fisher’s LSD test.

Table 4. Salinity main effects of measured traits in the twenty genotypes of wheat tested

Salinity (mM) RL (cm) RN (No) LC (cm) RW (mg) SW (mg)

0 10.71* 3.31° 2.73° 33.24* 78.81*

50 10.44° 3.20° 2.72° 25.75° 71.59°

100 8.77° 2.65° 2.26° 22.43¢ 50.17¢

150 6.95¢ 2.27¢ 1.78¢ 17.32¢ 34.754
Mean 9.22 2.85 2.37 24.68 58.83
LSD,, 0.510 0.176 0.146 2715 7.120
F-test 24.78% 36.57* 81.56* 16.49™ 63.50*

RL = root length, RN = roots number, CL= coleoptile length, RW = root fresh weight, SW = shoot fresh weight, Means followed by the same letter are not significantly
different at 5% probability level by the Fisher’s LSD test, ns and * = non-significant and significant effect at 5% probability level, F-test was used to test the regression
linearity of the measured traits over the NaCl stress.
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Relative to the control, the results of the present study
indicated that low salt stress intensity (50 mM) had mild effect
on the measured variables, suggesting tolerance to this salt stress
level. Thus, this concentration level had a very limited ability
to discriminate between the genotypes tested. However, under
severe salt stress intensity (150 mM), the RL, RN, CL, RW, and
SW estimates declined, as compared to the control non treated,
by 35.10, 31.47, 47.91, 34.66, and 55.91%, respectively (Fig. 2).
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Figure 2. Decreases of the traits means in % to the control non-stressed

The decrease in root and shoot development may be attributed
to toxic effects of the higher level of NaCl concentration as well
as unbalanced nutrient uptake by the seedlings. These results
are consistent with those of Zaman-Allah et al. (2009) who also
showed that growth significantly decreased when salinity exceeded
4 g I'. Averaged over genotypes, except for RW that exhibited
a quadratic decline (p > 0.05), RL, RN, CL, and SW decreased
linearly (p < 0.05) (Table 4, Fig. 2), fitting the following regression
equations:

RL = -12.091 [NaCl] + 116.29, (R? = 0.9253)

RN = -11.104 [NaCl] + 114.07, (R* = 0.9481)

CL = -15.372 [NaCl] + 112.68, (R> = 0.9761)

RW = -4.359 [NaCl]? + 9.714 [NaCl] + 95.43, (R* = 0.9847)
SW = -19.49 [NaCl] + 123.37, (R = 0.9695)

The regression models explained 92.53%, 94.81%, 97.61%,
98.47% and 96.95% of the total variation, respectively, for RL, RN,
CL, RW and SW as indicated by the coefficients of determination.
This was pointed out in the study by Adjel et al. (2004), who
clearly showed in their study on sixteen durum wheat cultivars
that the regression equations could be used to estimate more
conveniently and accurately the NaCl concentrations that reduce
50% the average genotype capacity for the measured variables.
This advantage will be more obvious when a large number of
genotypes have to be evaluated in salt tolerance breeding. In our
current study, these salt concentrations were 224.1, 239.8, 228.0,
254.8 and 138.2 mM for RL, RN, CL, RW, and SW, respectively.

As compared to the control, reduction of the traits measured
varied among genotypes in response to salinity level (Table 5).
Reductions, in absolute values, below 20% (green symbol) for
such a genotype indicated its tolerance in the considered NaCl
level of stress. Similarly, absolute decrease estimates over 40% (red
symbol) suggested that the genotype in question was sensitive to
the NaCl concentration considered. Genotypes with reductions in
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absolute values comprised between 20% and 40% (yellow symbol)
are semi tolerant with respect of the NaCl level of stress.

For root length, V,, V., V. and V  were sensitive/semi
tolerant over the whole range of salt treatments tested, showing
a root length reduction varying from -20 to -31% under 50 mM
NaCl and -32 to -69% under 150 mM NaCl. Except these four
varieties, the others were tolerant under 50 mM NaCl stress.
However, only V, and V were tolerant under both 100 and 150
mM NaCl treatments. Genotypes V,, V., V,, V| and V  were
tolerant under 100 mM, but sensitive or semi tolerant under
150 mM NaCl treatment (Table 5). The roots number showed
approximately a similar pattern of responses. Cultivars V,, V| and
V,, were sensitive/semi tolerant to salt stress while the remaining
varieties showed tolerance at 50 mM NaCl, the relative decline
of the roots number varied from -21 to -24%. Varieties V, V,,
Vip Vy Ve V., V.,V and V, were also tolerant under 100
and 150 mM NaCl concentrations. V,, V,, V, showed their
tolerance to salinity at both 50 and 100 mM NaCl stress, while the
remaining genotypes were sensitive/semi tolerant under 100 mM
and sensitive under 150 mM NaCl concentration levels (Table 5).

The coleoptile length measured at 50 mM NaCl was almost
similar to that of the control treatment for all the tested entries,
excluding V,, suggesting tolerance to this salt stress level. The
genotypes responded differently at 100 and 150 mM NaCl
treatments (Table 5). Wheat genotypes including V,, V,, V,, V.,
V., V,,, V., V,, and V , were sensitive under 100 and 150 mM
NaCl, while V,, V_ and V,, and to a lesser extent V, and V
exhibited sensitivity under 150 mM NaCl stress.

Cultivars V,, V,,V, V.,V .,V .,V _,V and V  were tolerant
to the salt treatments tested at 50 mM NaCl stress, since their
root fresh weights decreased by less than 20% from the values
measured in the control non-stressed (Table 5). However, except
for V ,, which was tolerant under 100 mM NaCl stress, all the
plant material tested was sensitive/semi tolerant under 100 and
150 mM NaCl, showing a root fresh weights reduction varying
from -48 to -84% and -26 to -89% under, respectively. Salt tolerant
wheat genotypes were V|, V,, V, V., V,V_,V ,V ,V_ V and
V> reducing their shoot fresh weights to less than 20% at the 50
mM NaCl. In addition, V, and V , were tolerant under 100 mM,
but the remaining genotypes were all semi tolerant or sensitive at
100 and 150 mM NacCl treatments, showing sizeable reduction in
their shoot fresh weights over 20% and 40%, respectively (Table
5).

The overall results indicated that the behavior of wheat
genotypes responses varied within each trait and between traits.
This showed the variation of the tolerance among genotypes
according to the various traits used as selection criteria. A given
cultivar is tolerant or sensitive depending on the trait used for
its classification, indicating the complex inheritance of salinity
tolerance. In their study, Benderradji et al. (2016) reported that
NaCl at 50, 100 and 200 mM caused significant decreases for all
the morpho-physiological traits studied on durum and bread
wheat cultivars, in contrast to biochemical traits that exhibited
increased estimates. These authors concluded that the response to
the salt stress varied depending on the genotype and the species,
durum wheat seemed to be more affected by the NaCl abiotic
constraints than bread wheat species.
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Table 5. Decreases of measured traits in % of non-stressed treatment (genotypes with green, yellow and red symbols were considered as tolerant,
semi tolerant and sensitive to the considered level of NaCl stress, respectively)

Traits RL RN CL RW SwW
NaCl (nM) 50 100 150 50 100 150 50 100 150 50 100 150 50 100 150
v, 8 = 20 = 30 A 6 A 9 A 15 A -1 A S5A 8§ = 35V 5V 60 A -13= 24V -4
v, A 4 A 20V 48 A 20V 50V 63 A 9 A 11V 56 ¥V 43V 61V 84 A 2= 32V 75
v, A 10V 66 ¥V 71 A 16V 70V 70 A 3V 83V -84 A 0V 84V 89 = 249 91 V% 93
v, = 24 = 329 69 A 3= 31V 69 A 8V 49V 665 A 10V 57V 68 = 20V 65V -76
v, A 2V 41V 64 = 21V 45V 73 A 149 71 ¥V 66 = -3V 62V 80 = 20V 73 V% .77
A\ A 6 A -13A 15 A 7A -13= 22 A -12A 13V 57 A 9= 21 =m 30 A -12 = -31 ¥ -68
v, A 14 A 19 = 25 A -15= 37 = 37 A 3= 25 = 27 =m 30 m 359 42 A -7 = 30 = -39
A A 8 A ‘12 A 15 A 3 A -17 A 19 A 38 A -10A -10 A -17 = -21 = -26 A 0 A -14 = -25
A A -18 = -30 = -32 A 0 A 3 = 26 =m 22 = -21 = -30 = -23 = -35 ¥ 57 A 9 = -383 ¥ -40
Vi, A 4 = 37V 42 A 7 A 11 A 14 A 7 A& 154 19 =m 289 53V 54 = -25= -36 = -38
v, A 5 A 11V 50 A 13 A 17 = 27 A 7 A 19V 4 V¥V 58V 63V 76 A 15V 40 ¥V -71
v, = 20 m 26 = 32 A 10 A -10 A -17 A -5 = 22 = 30 = 37 ¥ 529 55 m=m 28 m -38 W 54
v, = -2l =m 26 ¥ 67 = 24 = 249 52 A 17 = 259 78 ¥V 48 V¥V 79V 84 = 33V -4 V¥ 81
v, A 2 A 4V 47 A -1l = 299V 60 A 4 = 29V 65 A -11 A -12V 73 = -28V 48 ¥ -80
Vi = 31 =m 37 ¥V 60 = -21 ¥V 40V 62 A -1 = 22V 59 V¥V 66V 72V 74 = -37 ¥V -46 V¥ -68
Vi A 15 = 31V 4 A 3 A 3 A 18 A 3A 4= 28 A 17 = 27 = 383 A 9 = -21 ¥ 51
v, A 14 = -37 V 48 A 0 A -12 A -15 A 6A 10 = 21 A -10 = 26V 42 A -12 = -28 ¥ -48
Vi A 0= 25 = -34 A 3 A 3 A 9 A 3 A 11 A 11 =m 22V 63V 72 A 6= -33 7 43
Vi, A 12 A 12 = -27 A -13 A -15 A 20 A 00 A 2 A -12 A -12 = 30V 43 A 0 A -13 = -35
vV, A 6= 21 m 27 A 3 A 6 A 15 A 4 A 6 A 8 A 20V 51V 52 ¥V 53V 59V -66
RL = root length, RN = roots number, CL= coleoptile length, RW = root fresh weight, SW = shoot fresh weight
According to our results, a genotype with a highly appropriate s
response to a certain salinity level for a such trait cannot necessarily
be considered a tolerant genotype. In order to have a clear picture 18
of the response pattern of the tested genotypes, the salt sensitivity 5
index (SSI) was calculated for each trait. SSI estimates ranged
from 0.20 in V, to 2.19 in V, for the coleoptile length (data not 14
shown). The lower values of SSI indicated lower differences in o
biomass accumulated across stressed and non-stressed conditions £
and hence more stability and indicated genotypes performing well ~ E !
under stress with sufficient plasticity to respond to the potential ~ 3 s |
environment. To summarize the results of SSI obtained, the
genotype responses were sought through hierarchical clustering BB
technique. The advantages of using this approach in the evaluation 04 4
of salt tolerance are that it allows: (i) a simultaneous analysis of
multiple parameters to increase the accuracy of the genotype 02 | |
ranking; (ii) the ranking of genotypes even when plants are 0 |_|—-|—| =
evaluated at different salt levels and salt tolerance varies with 33 3% 333 g8zELZESEEs e

salinity levels (i.e. high ‘genotype x salinity’ interaction); and (iii) a
more convenient and accurate estimation of salt tolerance among
genotypes by simply adding the numbers in cluster group ranking
at different salt levels (Zeng et al., 2002). The cluster analysis
grouped the twenty genotypes tested into three clusters (Fig. 3).

Cluster 2

Figure 3. Dendrogram of classified genotypes using hierarchical cluster
analysis
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Cultivars V., V, V ., V - and V| clustered together (cluster 1),
V,V,V,V,V,V, and V formed the second cluster (cluster
2), while the third cluster (cluster 3) contained the remaining
varieties (Fig. 3).

Genotypes of the first cluster had low SSI values, they are
considered as the most tolerant and desirable for salty growth
conditions. In the sensitive group (cluster 2), the genotypes had
high SSI values, demonstrating their susceptibility to salt and
aptness only under normal conditions. Genotypes of the third
group (cluster 3) had intermediate SSI estimates, they were
qualified as semi tolerant. The average of SSI per cluster indicated
that genotypes belonging to clusters 2 and 3 significantly decreased
their roots length (62.38% and 26.37%), roots number (54.32%
and 15.82%), coleoptile length (69.24% and 40.05%), root (71.15%
and 40.29%) and shoot (74.70% and 45.54%) fresh weights under
150 mM salt treatment compared to the tolerant genotypes of
cluster 1. The results obtained through cluster analysis indicated
that SSI-based selection may provide more suitable for improving
salt tolerance of wheat at early growth stage. Askari et al. (2017)
used multiple statistical procedures to assess the effect of salinity
stress in barley and showed that mean productivity and geometric
mean productivity indices could be a useful indicator of desirable
genotypes in high level of salinity at early growth stage. Generally,
in the present screening experiment, wide genotypic differences
were observed for all the studied parameters indicating that
evaluation for salt tolerance among genotypes can be done at early
stage of plant growth.

Conclusion

In this study salinity affected all the measured traits which
decreased relatively to the values of the control treatment at early
stage. The results indicated too that the sensitivity/tolerance of
the tested genotypes varied among the measured traits. Moderate
and high salt treatments were more discriminating between salt
tolerant and salt sensitive genotypes than the low salt treatment.
Due to a significant ‘genotype x salinity’ interaction effect,
selection of genotypes with best performance for a level of salinity
based on their mean value in other levels seems to be less efficient.
Nevertheless, some genotypes maintained a certain level of
tolerance under moderate and high salinity stress. Mezghana (V ),
Almirante (V,), Sensas (V,), Florence Aurore (V) and Pinzon
(V,,) behaved as tolerant bread wheat cultivars as confirmed by
the SSI index and cluster analysis. These findings are very useful
for the planning of further wheat breeding programs for wheat
salt tolerance.

References

Adjel E, Bouzerzour H. (2004). Etude de la variabilité de réponse des
plantules de blé dur (Triticum durum Desf.) a la salinité. Céréaliculture
42(2): 5-13 (in French)

Adjel E, Bouzerzour H., Benmahammed A. (2013). Salt Stress Effects on
Seed Germination and Seedling Growth of Barley (Hordeum vulgare
L.) Genotypes. ] Agric Sustain 3(2): 223-237

Aflaki E, Sedghi M., Pazuki A., Pessarakli M. (2017). Investigation of
Seed Germination Indices for Early Selection of Salinity Tolerant
Genotypes: A Case Study in Wheat. Emir ] Food Agr, 29(3): 222-226.
doi: 10.9755/ejfa.2016-12-1940

Alam M. Z., Stichbury T., Naylor R. E. L. (2005). Early Identification
of Salt Tolerant Genotypes of Rice (Oriza sativa L.) Using

354 | Zine El Abidine FELLAHI, Hala ZAGHDOUDI, Hayat BENSAADI, Walid BOUTALBI, Abderrahmane HANNACHI

Controlled Deterioration. Exp Agric 42(1): 65-77. doi: 10.1017/
s0014479705003030

Askari H., Kazemitabar S. K., Zarrini H. N., Saberi, M. H. (2017). Different
Statistical Procedures for Selection of Salt Tolerant Barley Genotypes
at Germination Stage. Indian ] Agr Res 51(5): 453-457. doi: 10.18805/
ijare.a-278

Belkhodja M., Bidai Y. (2004). La réponse des graines d’Atriplex halimus
L. a la salinité au stade de la germination. Sécheresse 15(4): 331-335
(in French)

Ben Naceur M., Rahmoune C., Sdiri H., Meddahi M. L., Selmi M. (2001).
Effet du stress salin sur la croissance et la production en grains de
quelques variétés maghrébines de blé. Sécheresse 12: 167-174 (in
French)

Benderradji L., Brini F, Amar S.B., Kellou K., Azaza J., Masmoudi K.,
Bouzerzour H., Hanin M. (2011). Sodium Transport in the Seedlings
of Two Bread Wheat (Triticum aestivum L.) Genotypes Showing
Contrasting Salt Tolerance. Aust ] Crop Sci 5: 233-241

Benderradji L., Hadji N., Kellou K., Benniou R., Brini F. (2016). Effet
du NaCl et PEG 6000 sur le comportement morpho-physiologique
et biochimique des variétés de blé dur et tendre cultivées in vitro en
milieu hydroponique. Agric, Numéro spécial 1: 278-286 (in French)

Conway G. (1997). The Doubly Green Revolution. Ithaca, NY, USA:
Cornell University Press.

Cropstat 7.2. 3. (2009). Free Statistics Package by IRRI, Manila, Philippines.

Elis R. H., Hong T. D., Roberts E. H. (1990). An Intermediate Category
of Seed Storage Behaviour? I. Coffee. ] Exp Bot 41(9): 167-1174. doi.
0rg/10.1093/jxb/41.9.1167

Fellahi Z., Hannachi A., Bouzerzour, H. (2018). Analysis of Direct and
Indirect Selection and Indices in Bread Wheat (Triticum aestivum L.)
Segregating Progeny. Int ] Agron, Article ID 8312857, 11 pages. doi:
10.1155/2018/8312857

Fisher R. A., Maurer R. (1978). Drought Resistance in Spring Wheat
Cultivars. I. Grain Yield Responses. Aust ] Agric Res 29(5): 897-912.
doi: 10.1071/ar9780897

Flowers T. J., Yeo A. R. (1995). Breeding for Salinity Resistance in Crop
Plants: Where Next? Funct Plant Biol 22(6): 875-884. doi: 10.1071/
pp9950875

Hammer O., Harper D. A. T., Ryan P. D. (2001). PAST: Paleontological
Statistics Software Package for Education and Data Analysis.
Palaeontol Electron 4: 1-9

Hollington P. A. (1998). Technological Breakthroughs in Screening and
Breeding Wheat Varieties for Salt Tolerance. In: Gupta S. K., Sharma
S. K, Tyagi N. K. (Eds.), Proceedings of the National Conference on
Salinity Management in Agriculture, CSSPI, Karnal, India, pp. 273-
289

INRAA (2016). Bilan de la campagne céréaliére 2014/2015. Observatoire
National des filiéres Agricoles et Agroalimentaires (ONFAA), 12 p (in
French)

International Seed Testing Association (2019). International Rules for Seed
Testing, Chapter 1, i-1-14 (22). doi.org/10.15258/istarules.2019.01
Jlassi 1., Selliti Y., El Gazzah M. (2014). Effects of Salt Stress on Growth
Seedlings of Two Landrace Varieties of Durum Wheat from the
Tunisian Center (Triticum durum). Afr J Agric Res 9(33): 2528-2539.

doi: 10.5897/ajar2014.8890

Jolliffe I. T., Allen O. B., Christie B. R. (1989). Comparison of Variety
Means Using Cluster Analysis and Dendrograms. Exp Agric 25: 259-
269

Kadri K., Maalam S., Cheikh M. H., Benabdallah A., Rahmoune C., Ben
Naceur M. (2009). Effet du stress salin sur la germination, la croissance
et la production en grains de quelques accessions Tunisiennes dorge
(Hordeum vulgare L.). Sci Tech 29: 72-79 (in French)

Kingsbury R. W., Epstein E. (1986). Salt Sensitivity in Wheat: a Case
for Specific Ton Toxicity. Plant Physiol 80(3): 651-654. doi: 10.1104/
pp.80.3.651

Levigneron A., Lopez E, Varisuyt G., Berthomien P, Casse-Delbar T.
(1995). Les plantes face au stress salin. Cahier Agric (4): 263-273 (in
French)

acs

Agric. conspec. sci. Vol. 84 (2019) No. 4



Assessment of Salt Stress Effect on Wheat (Triticum aestivum L.) Cultivars at Seedling Stage | 355

Munns R. (2002). Comparative Physiology of Salt and Water Stress. Plant
Cell Envir 25(2): 239-250. doi: 10.1046/j.0016-8025.2001.00808.x
Munns R., James R. A., Lauchli A. (2006). Approaches to Increasing the
Salt Tolerance of Wheat and Other Cereals. ] Exp Bot 57(5): 1025-

1043. doi: 10.1093/jxb/erj100

Munns R., Tester M. (2008). Mechanisms of Salinity Tolerance. Annu Rev
PlantBiol 59:651-681.doi.: 10.1146/annurev.arplant.59.032607.092911

Niu G., Rodriguez D. S., Call E., Bosland P. W., Ulery A., Acosta E. (2010).
Responses of Eight Chile Peppers to Saline Water Irrigation. Sci
Hortic 126(2): 215-222. doi: 10.1016/j.scienta.2010.07.016

Quarrie S. A., Mahmood A. (1993). Improving Salt Tolerance in Hexaploid
Wheat. Annual Reports 4 (1992). Norwich, UK: Institute of Plant
Research and John Innes Centre.

Scott S. J., Jones R. A., Williams W. (1984). Review of Data Analysis
Methods for Seed Germination. Crop Sci 24(6): 1192-1199.
doi:10.2135/cropscil984.0011183X002400060043x

Shabala S., Munns R. (2017). Salinity Stress: Physiological Constraints
and Adaptive Mechanisms. Plant Stress Physiology, 2™ ed. CABI,
Wallingford, pp. 24-63

Shiferaw B., Baker D. A. (1996). An Evaluation of Drought Screening
Techniques for Eragrostis tef. Tropic Sci 36: 74-85

Snedecor, G.W., Cochran, W.G. (1980). Statistical Methods. The Iowa
State University Press, Ames, USA, pp. 135-170

Zadoks J. C., Chang T. T.,, Konzak C. E (1974). A Decimal Code
for the Growth Stages of Cereals. Weed res 14(6): 415-421. doi.
org/10.1111/§.1365-3180.1974.tb01084.x

Zaman-Allah M., Sifi B., LTaief B., El Aouni M. (2009). Paramétres
agronomiques liés a la tolérance au sel chez le haricot (Phaseolus
vulgaris L.). Biotechnol Agron Soc Environ 13(1): 113-119 (in French)

Zeng L., Shannon M. C., Grieve C.M. (2002). Evaluation of Salt Tolerance
in Rice Genotypes by Multiple Agronomic Parameters. Euphytica
127(2): 235-245. doi.org/10.1023/A:1020262932277

Zhu J. K. (2002). Salt and Drought Stress Signal Transduction in
Plants. Annu Rev Plant Biol 53(1): 247-273. doi: 10.1146/annurev.
arplant.53.091401.143329

Zorb C., Geilfus C. M., Dietz K. J. (2019). Salinity and Crop Yield. Plant
Biol 21: 31-38. doi: 10.1111/plb.12884

aCS84_42

acs

Agric. conspec. sci. Vol. 84 (2019) No. 4



