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ABSTRACT 
 

Salinityis a major obstacleforplant growth; thedurum wheat cropis facingthis problemin Algeria. The 
useofresistant varietiesto salinityhas become imperative. For this purpose, a studyofstomatal resistance, 
leafexclusionof Na+andselectivity K+/Na+ to4 leaf stagein sevenvarieties ofdurum wheat andrelated 
species(Aegilopsgeniculata) treated withfour concentrations ofNaCl(0, 5, 10and 15g/ l) was conducted 
tounderstand theunderlying mechanismsfordevelopingcriteria for improvementof resistanceto salinity. 
Resultsobtained showed that the Aegilopsspecies isresistantto salt stress, comparing with otherdurum varieties, 
we canusethis species inbreedingprogramsfor transferringresistance genes from Aegilopstodurum 
wheatusingembryo rescuebyin vitro cultureofimmature embryos. 
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Introduction 
 

Salinization recorded in the arid and semi-arid 
ecosystems resulting high water evaporation from the 
soil and an irregular and insufficient rainfall [1]. This 
comes as salinization of irrigation most often poorly 
controlled [2]. Each year, the area lost due tosalinity 
varies around 20 million ha in the world. And today, 
farmland worldwide are affected 340 million ha or 
23% of cultivated land in the world [3]. Therefore, 
these changes require reflection on the strategies to 
be undertaken to understand the mechanisms 
involved by plants to adapt to new environmental 
conditions and maintain their growth and 
productivity [4];[5]. 

Indeed, according to the salinity in the middle, 
glycophytes in particular are exposed to changes in 
their behavior morpho-physiological [2], biochemical 
[6] and mineral [7]. Thus, plants react to these 
changes in salinity in the biotope,either disappear or 
start resistance mechanisms. Among these 
mechanisms, osmotic adjustment plays a crucial role 
in the resistance or tolerance of plant stress [8]. 
Indeed, tolerance, in the case of a lower water 
potential is expressed by maintaining turgor ([9]; 
[10]) due to the phenomenon of osmotic 

adjustment.This has emerged as a major mechanism 
of adaptation to ionic and osmotic stress expressed 
by the ability of a plant to accumulate at symplasmic 
and an active ions such as K + and Na + ([11]; [12]) 
and Cl-[8]; [13] or  organic compounds such as 
soluble sugars [14] and certain amino acids such as 
proline . It allows the maintenance of many 
physiological functions (photosynthesis, 
transpiration, growth ...) [6]; [7]. 

In this work we will study the morphological, 
physiological saline based diets for growing the 
evaluation of physiological responses in seven 
varieties of durum wheat and related species in the 
wheat (Aegilopsgeniculata). 
 
Material and Methods 
 
II-1-Plant Material: 

 
The choice of plant material is carried out in 

collaboration with the Technical Institute of Field 
Crops, varieties are chosen for the experiments were 
conducted in the laboratory of Genetics Plant 
Biochemistry and Biotechnology (GBBV) to 
chaabtarssas (University Mentouri Constantine).
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Table 1: Origin of genotypes 
Génotypes Origine 
Tritium durum (Desf) OuedZenati (OZ) Algeria : Guelma 1936 

Bidi 17 (B17) Algeria : constantine 
Hedba 03(Hed) Algeria 
Djenah-Khetifa(DK) Tunisia 
Belikhe 2(BL) Syria 
Haurani (Hau) Syria 
Waha (Wa) I. ICARDA  sélection ITGC 

Khroub 
AegilopsgeniculataRoth 
 

Aegilops geneculat (AE) Algeria 

 
I-2-Performing the test: 

 
a- Preparation of grains: 

 
Grains of durum wheat and Aegilops of those 

were pre germinated in Petri dishes at room 
temperature (25 ° C) in the dark. Seedlings are 
transplanted resulting in late November 6 grains in 
pots (5 kg) containing a mixture of soil and sand. 
These pots are then placed in a greenhouse 
andirrigated holding capacity (0.52 l) every two days 
with plain water. 

 
b-Stress applied and measured parameters: 

 
In this experiment we applied salt stress with 

four levels (0, 5, 10.15 g / l) at tillering, many 
parameters are measured, morphological (growth %), 
physiological (stomatal resistance, accumulation of 
K +and Na + in leaves). 
 
c-devices and principles of measurement methods:

 
1-The relative growth rate (RGR) is calculated using the formula: 

 
 
 
 
 
 

2-The stomatal resistance: 
 
Stomatal resistance which reflects the degree of 

stomatal opening is measured by the pore size 
diffusion of water vapor, the higher its value, the 
higher they are closed. The calibration of the device, 
type AP4 is performed in place of plant development 
and measurements are made on the middle andonly 
the upper face of the sheet. 
 
3-Determination of sodium (Na +) and potassium (K 
+): 

 
Stage 4th, 5thleaf, one gram of dry matter (after 

drying in an oven 80 ° C for 48 hours) was crushed 
and incinerated at 450 ° C for 4 hours. After cooling, 
the ash obtained was dissolved in 5 ml of HCl (2N), 
heated for 10 min and then filtered and the volume 
was brought to 100 ml. From this solution,  assays of 
Na + and K + are made by flame photometry. The 
values obtained are converted into content of Na + 
and K + from the calibration curve. 
 
d-Statistical study: 

 
The program Minitab (2000) "Statistical analysis 

software" was used to perform all analyzes of 
variance comparison of means and correlations. To 
study the, impact of salt stress ondifferent genotypes. 

 
Results And Discussion 

 
III-1-Results: 
 
III-1-1-growth rate: 

Based on the analysis of variance with two 
factors (F = 24.07) was observed a significant effect 
of salinity on the growth rate for all genotypes. 
Whatever the variety, the growth rate for the control 
(without salt) is further from the different salt 
treatments, the degradation of growth is basedstress 
reduction in the growth rate between the control, N1, 
N2, N3 is approximately 28.5%, 28.7% and 10.1% 
respectively. , On the other hand the behavior of each 
genotype is different from one to another. 

According to Figure (1) and confidence interval 
(Annex), it was demonstrated that the species related 
(Aegilops) maintain a high growth rate compared to 
other genotypes of durum wheat, and even change 
between different levels stress is constant, so the 
variety Blikhe exhibits behavior similar to 
thatAegilops so they are included in the same group, 
against the Djenahkhetifa variety is characterized by 
the growth rate of the lowest (35.5%). 

 
III-1-2-stomatal resistance: 

 

RGR=RGHsalt ×100/  RGHwitness 

RGH= Final length (F L) - initial length ( IL) 
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Based on the analysis of variance (F = 15.6), 
there was a significant effect of salinity on stomatal 
resistance some of genotype studied, but the behavior 
of each genotype vis-à-vis the salt stress is different 
to each other. 

According confidence interval (Annex) and 
Figure (2), it was observed that stomatal resistance is 
increased successively with the intensity of stress, 
but the rate of increase is correlated with the 
genotype in question. 
 
III-1-3-content in leaf Na + and K +: 

 
Based on the analysis of variance it was found 

that salinity has a highly significant effect on the 
content of Na + and K + in the (Annex), with an 

interaction between variety and salt stress, according 
to the confidence interval, the witness still further 
compared with other treatments.For the controls was 
observed that the content of Na + is less concentrated 
with respect to K +. Salt promotes an increase of Na + 
at the leaf level depending on the intensity saline but 
this increase is correlated with the genotype in 
question (Table 2), the K + is reduced as a function of 
salt stress butregression is poor for some other 
genotypes (Table 2 b). 

It was also found in this work a negative 
correlation (r = -0.62) between the content  the Na + 
and K + (Figure 3). 

The  K+ / Na + is also reduced as the salt 
concentration (Table 2 c), but this decrease is still 
low in some genotypes (AE, OZ). 
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Fig. 1: The relative growth rate (%) in function of salinity in different genotypesat tillering 
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Fig. 2: Variation of stomatal resistance as a function of intensity in different saline genotypes at tillering 
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Table 2: The effect of salt stress onmineral content(%dry matter)in leavesamongdifferentgenotypes (a) Na+, (b) K +, (c) K +/Na+ 

(a) 
 
Variété*** 

Na+ 
T*** N1*** N2*** N3*** 

AE 0.32±0.086 0.64 ±0.052 0.88±0.045 1.01±0.062(e) 
OZ 0.36 ±0.035 0.72 ±0.04 0.96±0.036 1.22±0.023(e) 
Hau 0.32 ±0.036 0.81 ±0.056 1.01±0.032 1.32±0.063(d) 
B17 0.22±0.023 0.56±0.012 0.89±0.025 1.02±0.015 (a) 
DK 0.30±0.087 0.962± 0.05 1.85 ±0.05 2.22±0.065(b) 
BL 0.23±0.022 0.0.85±0.056 1.65±0.09 2.63±0.064(c) 
WA 0.19±0.014 0.85±0.023 1.69±0.065 2.7±0.016(b) 
HED 0.333±0.087 0.822±0.020 1.75±0.51 2.18±0.056©  

 
(b) 

 
Variété*** 
  

K+ 
T*** N1*** N2*** N3*** 

AE 2.1±0.09 1.88±0.052 1.56 ±0.056 1.32±0.045(d) 
OZ 1..96±0.036 1.69±0.069 1.48±0.056 1.37±0.036(d) 
Hau 1.95±0.017 1.36±0.05 1.24±0.035 1.12±0.08(c) 
B17 1.32±0.025 1.19±0.02 1.15±0.036 1.01±0.058(a) 
DK 2.01 ± 0.02 1.55±0.036 1.22±0.038 0.85±0.056© 
BL 1.5±0.08 1.48±0.016 1.33±0.036 1.30±0.032(b) 
WA 1.63±0.023 1.35±0.05 1.18±0.022 1.01±0.018(a) 
HED 1.822±0.02 1.357±0.21 1.22±0.15 1.055±0.12 (b) 

 
(c) 

 
Variété 

K+/N+ 
T N1 N2 N3 

AE 6,56 2,93 1,77 1,30(d) 
OZ 5,44 2,34 1,54 1,12© 
Hau 4,64 1,67 1,22 0,84(a) 
B17 6 2,12 1,29 0,99© 
DK 6.7 1,61 0,65 0,38(b) 
BL 6,52 1,74 0,80 0,49(b) 
WA 8,57 1,58 0,69 0,37(d) 
HED 5,51 1,64 0,69 0,48(a) 

*** Indicatesthat the two factors(variety,salinity)have a significant effectfor 
=1‰Genotypes thathave the sameletter areincluded in the samegroup 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Thelinear regressionbetween the content ofleafNa + andK + 

 
Discussions: 

 
Overall we found in this study that the salinity is 

detrimental to the whole plant is morphologically and 
physiologically. 

Indeed, salinity affects all aspects of plant 
biology. These negative effects of salt are usually 
considered in three ways: 
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• The appearance was the osmotic balance of 
studies and resulting in less water availability for 
plants. 

• The appearance and toxicity of ionic Na + and 
Cl-which have a detrimental effect on membrane 
structures. 

• The nutritional imbalance caused by excessive 
amounts of Na + and Cl-ions and prevent some 
essentials such as K + to be taken. 

We have dealt in this work for the 
morphological parameters concerning the relative 
growth rate, the overall effect of salinity resulting in 
the reduction of biomass. However, the rate of 
reduction varies according to the degree of salt stress, 
genotype, and body this stage. 

Indeed, apical growth is relatively more affected 
for genotypes (Djenah-Khetifaz, Haurani, Bidi) by 
cons in Aegilops growth rate is less affected 
compared to other varieties of durum wheat, reduced 
biomass different varieties of durum wheat in saline 
treatments based reveals mixed reactions depending 
on the parameter considered.Thus, the growth rate is 
generally regarded as an index of plant sensitivity 
vis-à-vis stress, our study shows that a concentration 
of 5 g / l NaCl is insufficient to cause a relative 
reduction of 50% compared to controls (threshold 
was used for classification of plant tolerance).For 
cons, the concentration 15 g / l NaCl applied during 
15 days of stress at tillering can be used to 
discriminate between genotypes since leading to 
larger reductions (AE 25%, 50% He, BI and 75 HAU 
% WA and OZ 60% DK 87.5%).These results show 
a good tolerance to salt stress for the species related 
to wheat (Aegilops keeps a growth rate of 75% 
compared to control). For varieties of durum wheat 
genotypes (HE, BI, OZ) are considered tolerant 
varieties For cons, the variety DjenahKhetifa proves 
to be more sensitivevis-à-vis the salinity. 

According to the results of several studies [15]; 
[16] ; [17] that are performed at the level of salt 
stress on plant growth include major inhibitory 
effects NaCl on growth in the following points: 

Some researchers have noted that the reduction 
of growth under the effect of salt stress can occur 
without signs of toxicity [18] meanwhile, suggest 
that the decrease in growth (expressed the 
photosynthetic capacity) could be related to a loss of 
turgor.From Citrus aurantium, this decrease was due 
mainly to the osmotic effect of salinity [19]. By cons, 
other studies have shown that loss of turgor is not the 
cause of reduced growth[17]. Thisconsistent with our 
results. 

Physiologically, the reduction in the absorption 
of water under the effect of salinity is manifested by 
stomatal regulation in the leaves [20] characterized 
by a decrease in stomatal conductance[9], which is 
obviously at the expense of other physiological 
processessuch as photosynthesis[21].Face salinity, 
plants that tolerate lack of water, resistant to aging 
and adjust their production to environmental 

conditions. Among the genotypes studied, it was 
found that salt causes an increase in stomatal 
resistance whatever the genotype, stage of 
development and intensity of stress result in 
agreementwith that [22]. 

Depending on the duration of stress was 
observed that stomatal resistance increases 
dramatically at first but second time it descends to 
settle down. We find this phenomenon in kinetic 
stomatal genotypes (OZ, AE, HAU, BL).By cons in 
other varieties (DK, WA, BI), stomatal resistance 
increases throughout the period of stress. However it 
can be concluded that genotypes tolerant to salt stress 
increased stomatal resistance at first, but eventually 
they lower the resistance to an order that ensured a 
balancebetween the penetrations Sufficient CO2 for 
photosynthesis and loses water through sweating. 

On the other hand we found in this study that the 
salt-tolerant genotypes accumulate in leaves a low 
content of Na + (AE, OZ, BI, HAU) in comparison 
with those who are sensitive (DK), the same result 
has been found by [11], this result isnot generalize as 
a general rule, in glycophytes some (beans and rice 
are classic examples) restrict the transport of Na + in 
shoots and maintain salt levels and relatively low in 
photosynthetic tissues.Others, such as cotton or 
barley, transport and accumulate large amounts of Na 
+ in their leaves. These two opposite behaviors reflect 
an apparent paradox: in fact, the first, which 
corresponds to an air organ protection against 
invasion by NaCl was observed for most 
glycophytessensitive to salt.The second, which 
allows the accumulation of NaCl in the leaves, is a 
characteristic of the species most resistant. Thus, it is 
the species that seem a priori better equipped to 
protect their photosynthetic apparatus supporting the 
less aggression saline. 

The paradox becomes even more complicated 
when comparing varieties within a species: there, one 
finds that the association was expected between the 
tolerance and the ability to prevent Na + from 
invading the leaves.In fact, the key to this complexity 
is that there are two main patterns of behavior on the 
distribution of Na + in plants, to classify species. At 
this level (inter), the situation is simple.Species 
unable to easily transport Na + in their leaves are 
much more sensitive than others, because their 
inability to export Na + is probably less a protective 
character that reflects impaired cellular 
compartmentalization systems.  Indeed, these species 
do not seem effective in lowering the level of 
cytoplasmic Na+.But the inability to rid the 
cytoplasm of Na + ion, that this result is easily 
transported in the phloem in these plants [7]. It is 
continually brought down the plant, resulting in the 
classic behavior of exclusion.This system is 
obviously effective if the level of soil salinity is low. 
But as long as this condition is met, salt tolerance is 
even better than less Na + is exported to the aerial 
parts. This is why, within a species built on this 
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model, varietal comparisons show  that the best 
tolerances correspond to genotypes that give the root 
system a good efficiency to limit access of Na + 
leaves. 

The second category of species (say includers) 
combines resistance to salinity and the ability to 
transport large amounts of NaCl in the leaves. It 
seems that these behaviors are the result of a good 
cell compartmentation of Na+, which explains the 
tolerance to foliar accumulation, and also the low 
conduction of this ion  in the phloem. 

But this tolerance scheme obviously implies 
control amounts accumulated in the leaves, which 
should not disturb the osmotic balance. This explains 
why speciesincluder most tolerant varieties are those 
that are best able to control the transport of NaCl in 
the parenchymaassimilation. 

In summary, the positive or negative correlation 
between the content of leaf Na + and plant resistance 
to salt allows us to consider the content of leaf Na + 
as a good criterion for salinity tolerance, provided to 
distinguish interspecific comparisons (positive 
correlation) and varietal (negative correlation) [23]. 

However, this relationship is not strict, due to 
the interaction between the growth rate of the tissues 
and their rate of absorption of Na +. In addition, the 
compartmentalization of this cation across the cell, 
tissue or whole plant, prevents any simple correlation 
between the average level of Na +, thereduction of 
growth and symptoms of toxicity salt (Denden et al., 
2008). 

The relationship between the average level of Na 
+ in leaves and salt on performance can not have a 
predictive value for the damage that can cause the 
accumulation of Na + in shoots glycophytes sensitive 
to this cation. 

At the interface root / soil, excess salt may limit 
the supply of essential plant macronutrients such as 
K+. However, the absorption capacity ion genetically 
determined differs considerably with species and 
varieties [24]. 

In our work the salt induces a decrease in leaf K 
+ content whatever the genotype, but the difference 
observed in the rate of decrease is different from one 
genotype to another and even within the same 
genotype level stress to the other. 

The correlation between the content of foliar K+ 
and Na+ that has allowed us to conclude that the use 
of a ratio between the two ions is more reliable to 
classify genotypes according to their degree of 
resistance to salinity. 

The ratios K + / Na + indicates that the species 
related to wheat (Aegilops) more tolerant to salinity. 
The varieties with the highest ratios are more tolerant 
and sensitive reports are K + / Na + lowest.In many 
species of the genus Triticum, excluding leaf Na + 
due to the limitation of its translocation from the 
roots to the aerial parts and selectivity K + / Na + 

leaves appear as mechanisms of salt tolerance and 
are excellent criteria breeding [25]. 

Conclusion: 
 

Several morphological, physiological were 
studied in seven varieties of durum wheat and related 
species on durum wheat (Aegilops) grown under salt 
stress conditions, taking growth as an indicator, the 
results showed that Aegilops is species resistant to 
salt stress in Comparing with other durum varieties, 
we can conclude that the resistance to salinity is 
linked to the ability of a variety to develop a large 
number of coping mechanisms and not to the 
presence of a given mechanism. 

The salinity tolerance is a complex phenomenon, 
involving face pressure erratic environmental 
constraints, many interactive mechanisms, and 
complex genetic determinism. Faced with this 
reality, the genetic improvement of salinity tolerance 
can not be satisfied or improvedempirical nor an 
introduction "blind" character of tolerance among 
genotypes productive. Strategy to implement in such 
a situation seems to have to take into account several 
levels of integration, defining for each of them a 
specific objective description of the overall behavior 
in different environments, the physiological 
characterization, analysis genetic characters, and the 
search for markers for these characters appear as 
many links in a chain involving knowledge and 
expertise in physiology, genetics, and molecular 
biology. 
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