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ABSTRACT  

 
Seven varieties of durum wheat Triticum durum Desf used in Algerian agriculture were tested for salinity 

tolerance at the cellular level (callus) by in vitro culture of mature embryos and in plantlet. Various parameters 
were evaluated under conditions of salt stress. After a recovery phase by irrigation without salt, the same 
parameters are measured. Our results show that there is a positive correlation between the performance of 
cultivars in the greenhouse and in the responses of callus under salt stress. These results suggest that resistance 
to salinity in durum wheat, in the plantlet depends, in part, of the existence of mechanisms operating at the 
cellular level. Cal response to salinitys is not always similar to that of the plantlet and the consideration of these 
two levels of organization is needed to better understand the complex mechanisms of resistance durum wheat to 
salinity. 
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Introduction 

 
The salinity tolerance is a complex phenomenon, 

involving many mechanisms interacting with each 
other, and complex genetic determinism. Given this 
reality, genetic improvement of salt tolerance should 
be conceived as a strategy that values the potential 
contributions of different disciplines (genetics, 
physiology,biotechnologie ...) and takes into account 
several levels of integration. 

Wheat is mainly enhanced by traditional 
methods [3] which are time consuming and 
expensive. Obtaining of callus by in vitro culture 
leads to increased variability and may be followed by 
regeneration and a high rate of multiplication [8]. 

The objective of this work is therefore a study of 
the behavior of durum wheat faces a salt stress 
compared to the cellular level (callus) and at the 
plantlet (aerial part). Different parameters [fresh 
weight (FW), water content (WC) and concentrations 
of praline and soluble sugars were measured after a 
stress induced by NaCl and after a phase of recovery 
consecutive in 7 durum wheat varieties differing in 
level resistance to salinity. 
 
Material And Methods 
 
II-1-Plant Material: 

 
Was used in this experiment mature grains of 

seven varieties of durum wheat are shown in Table 
(1).

 
Table 1: Origin of the genotypes studied 

 Génotypes Origine 
Tritium durum (Desf) Oued Zenati (OZ) Algeria : Guelma 1936 

Bidi 17(BI) Algeria : constantine 
Hedba 03(He) Algeria 
Djenah-Khetifa (DK) tunisia 
Belikhe 2 (BL) Syria 
Haurani (Hau) Syria 
Waha (Wa) I. ICARDA   
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II-2-Conducting the test : 
 

II-2-1- Disinfection of mature caryopses : 
 
The caryopses were immersed in ethanol (70%) 

with vigorous stirring to dissolve the waxy 
substances can permeate their integument; they are 
then freed of ethanol by washing with sterile distilled 
water. 

Drained the caryopsis were immersed in a 
solution of commercial bleach diluted to  twice for 
20 minutes under a laminar flow hood, with vigorous 
stirring, followed by five successive rinses in sterile 
distilled water. 

After suffering the action of hypochlorite, the 
grains are transported by sterile forceps in Petri 
boxes containing sterile filter paper soaked with 
sterile distilled water. 

The boxes are then placed in the dark at an 
ambient temperature of 25 °C, to cause swelling of 
caryopses. 
 
II-2-2-Dissection of mature grains: 

 
The mature seeds are sterile and swollen 

suffered dissection under a laminar flow hood under 
a dissecting microscope and cleaned with alcohol 
(70%) and after drying it is placed near the beak 
Bunsen. 

The incision is made at the dorsal surface of the 
side opposite the brush with a clamp and a scalpel 
sterile tube cap must be maintained so as not to put it 
on the bench. 

The incision revealed the constituents of the 
endosperm (starch), the embryo is clearly, it is 
immediately recovered using sterile forceps another 
and laid upon the culture medium MS [7] appropriate 
so as not to damage. 

The test tubes containing mature embryos are 
placed in a growth chamber and maintained at a 
temperature of 25 ° C with a photoperiod of 16 
hours. 
 
II-2-3-Planting crops: 
 
a: First transplant: 

 
The first planting is intended to remove the 

embryos did not induce callus and not keep as well 
as those developed calluses.  

The conduct of manipulation must be guided by 
the desire not to transport in new media germs that 
can contaminate parts or all of callus. It is therefore 
necessary to comply with all conditions of 
sterilization described above. 

During the induction phase of the plumules 
elongated get more out of environmental components 
and inhibit the growth of callus, these inhibitors are 
removed during the first transfer to the callus resume 
growth with good activity. 

 
b- Second transplant: 

 
The procedure of transplanting fresh medium, to 

avoid necrosis due to the depletion of nutrient 
substances,  contained in the medium, and also to 
maintain the proliferation of cell mass, simply 
transfer the embryos producing callus. 

Each transfer takes a month, in whole callus 
were initiated from mature embryos and cultured for 
two months on MS medium before being subjected 
to salt stress for a month. 
 
c- Third transplant: 

 
Calluses developed are transferred into MS 

culture media containing different concentrations of 
NaCl (0, 5, 10, 15, 20 g.l-1) for thirty days, the callus 
were placed on a two callus per Petri dish to avoid 
any risk of contamination. 

After this period of stress, some of the material 
was transferred to a medium devoid of NaCl and the 
culture was continued for thirty days. 
 
II-2-4-The measured parameters: 

 
At the end of each period (stress or recovery), 

the fresh weight (FW) callus and so that their dry 
weight (DW) were recorded. The water content of 
tissues was calculated using the formula (FW-DW) / 
DW, its contents of praline and soluble sugars were 
estimated. The experiments were repeated three 
times with similar results. For each period (stress or 
recovery) and for each type of variety a minimum of 
three replicates was performed. 

The program Minitab (2000) "Statistical analysis 
software" was used to perform all the analysis of 
variance, the comparison of means and correlations. 
To study the impact of salt stress on the different 
genotypes. 
 
Results and Discussion 

 
III-1-The fresh weight: 
 
 At the  level of callus: 

 
From the analysis of variance with two factors 

(Annex) it was found that salinity has a highly 
significant effect on fresh weight of callus, whatever 
the variety studied, and also differences are observed 
in a variety other regardless of the degree of salt. 

The fresh weight is increased to the recovery 
period (Figure 1) but this increase is further 
compared with controls and correlated with the 
variety and concentration of NaCl. The confidence 
interval (Annex I) allowed us to classify the varieties 
into two extremes Haurani and Hedba (87.00, 87.4%) 
carry a high weight but this Djenah Khetifa against 
the low weight (80.80%). we also found a positive 



1383 
Adv. Environ. Biol., 6(4): 1381-1391, 2012 

 

 

correlation between varietal response during salt 
stress and that the recovery period, the variety that is 
less affected by salt stress during the phase gets more 
water in the recovery phase. 

 
 At the level of  leaves: 

 
The analysis of variance with two factors was 

observed that salt stress induced a decrease in fresh 
weight of leaves few or the variety in question, the 
same level of significant differences are found in a 
variety to another regardless of the intensity of salt. 

From Figure (2) an increase in weight at the 
recovery period is observed in all varieties studied, 
but this increase never reaches the fresh weight of the 
control. 

However, the rate of increase differs from one 
variety to another (Annex) according to the degree of 

tolerance, the highest fresh weight corresponding to 
the varieties  Haurani and  Bidi , opposite, the two 
varieties Djenah khetifa and  Oed Zenati contain the 
lowest fresh weight. 

 
 Comparison of callus and leaf: 

 
Among the results that we found in this study, 

there are no significant differences in fresh weight of 
callus and the leaves at whatever the variety studied 
(Figure 3). 

In general salt stress causes morphological 
changes, physiological and metabolic or cellular 
level or at the plantlet, for fresh weight were found in 
this study that cell behavior is coherent than leaves in 
contrast to results that were found by [10,1]. 

 

 
Fig. 1: Evolution of fresh weight (% of control) callus of different varieties of durum wheat after a salt stress  
            and recovery period 

 

 
Fig. 2: Evolution of fresh weight (% of control) leaves of different varieties of durum wheat after a salt stress  
             and recovery period. 
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Fig. 3: Comparison of fresh weight (% of control) between callus and leaves of different varieties of durum  
             wheat 

 
III-2-Water content: 
 
 at the level of callus: 

 
Salinity causes a decrease in observable callus 

for the water content (Annex), whatever the variety 
studied and even varietal differences are detected. 

The recovery period was observed (Figure 4) a 
collection of high water content among varieties 
Oued Zenati and  Haurani,  the inverted in varieties 
Djenah khetifa  and Bidi  the rate of increase is slow 
function of the intensity saline. 

 
 At the level of  leaves: 

 
The water content is affected by salinity in 

leaves (Annex) for the different varieties studied, 
however, for high salt concentrations (15 and 20 g / 
l). 

From Figure (5) it was observed that the increase 
in water content to the recovery period is different 

from a variety to another, we found for the first three 
levels of stress among varieties Haurani, Blikhe, 
Oued Zenati increasing the water content is similar to 
that of control on the opposite varieties Djenah 
khetifa and Bidi that are presented by a low recovery 
the water content. 

 
 Comparison of callus and leaf: 

 
According to our results, we found that there is a 

significant effect for the organ water content with a 
similarity of the varietal response (Figure 6), The 
confidence interval allowed us to detect that the 
water content is reduced at least callus compared to 
leaf. 

The confidence interval allowed us to detect the 
water content is reduced at least callus compared to 
leaf. 

A positive correlation was found between cell 
behavior and that of the sheet, this result agrees with 
that of [4]. 

 
 

 
 
Fig. 4: Changes in water content (g.g-1dry weight) callus of different varieties of durum wheat after a salt stress  
            and recovery period 
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Fig. 5: Changes in water content (g.g-1dry weight) leaves of different varieties of durum wheat after a salt stress  
            and recovery period. 
 

 
 
Fig. 6: The difference in water content (g.g-1 dry weight) between callus and leaf varieties of durum wheat. 

 
This suggests that a resistance mechanism, 

operating at the cellular level, could be involved, at 
least in part, in resistance to salt stress at the plantlet 
in durum wheat. 

 
III-3-The total soluble sugar content: 
 
 At the level of callus:  

 
The analysis of variance with two factors was 

observed a significant effect of salinity on the total 
sugar content soluble whatever the variety studied. 

The salt level of callus induced an increase in 
total soluble sugars in a manner according to 
ascending NaCl concentration (Figure 7), according 
to the confidence interval (Annex), varieties, Blikhe, 
Waha, Djenah Khetif, have the highest content of 
total sugars soluble in return, the variety Oued Zenati 
has a low content of soluble total sugars. 

A recovery period it was found that the total 
soluble sugar content is reduced compared to that but 
stressed that sugar content tends to be higher than in 

controls, especially after prior exposure to salt stress 
at the fourth level (20g.l-1). 

 
 At the level of  leaves : 

 
In leaves salt also causes an increase in total 

soluble sugar content in all varieties of our test, 
However genetic variability was observed between 
the different genotypes, the variety Bidi and  Blikhe 
show the sugar content the highest (70 mg l-1), 
unlike the variety Oued Zenati and  Hedba are 
corresponding to the sugar content the lowest (57.60 
mg. l-1, 59 mg. l-1 respectively). The recovery period 
we found a decrease in total soluble sugar content, 
whatever the variety and degree of salt to the 
threshold of controls (Figure 7). 

At the callus, there was a successive increase of 
sugars according to the intensity of salt stress, the 
same result is obtained by [6], for this  reason a clear 
trend regarding the effect of salt on the evolution of 
sugar concentrations, By cons [2] found opposite 
results of our findings and concludes that the total 
soluble sugar accumulation could be an indirect 
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consequence of a more pronounced effect of stress 
on the growth of plants on their photosynthetic 
activity, The accumulation of soluble sugars in the 
plantlet, particular part of its leaf was also observed 
by Kameli and Lösel [5]. The fact that it occurs in 
the callus suggests that it may be a specific strategy 
of resistance to salinity in durum wheat, however, 
while contributing to plant resistance. 
 
III-4-praline content: 
 
 At the level of callus: 

 
The analysis of variance with two factors 

(Annex) we showed that the salt causes a highly 
significant increase (α = 1 ‰) of the praline content, 
and even a significant varietal difference was 

observed, Bidi  and Blikhes varieties have the highest 
content of praline by cons Djenah khetifa has  praline 
content the lowest. 

The recovery period praline content is decreased 
in all varieties studied, and reached that of the 
control for the first levels of stress. 

 
 At the level of leaves: 

 
In leaves salt excites a highly significant 

increase (α = 1 ‰) praline as a function of the 
intensity of stress,  generally the  varieties Blikhe and  
Haurani are characterized by a high content of 
praline (Figure 10), on the other side Djenah khetifa 
has the lowest content of praline. 

The recovery period praline content is decreased 
in all varieties studied and was similar to that control.
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Fig. 7: Evolution of total soluble sugar content (mg. l-1) in callus and leaves of different varieties of durum  
            wheat after a salt stress and recovery period. 

 

 
Fig. 8: Comparison of total soluble sugars accumulated in callus and leaves of different varieties of durum  
            wheat. 

 
Fig. 9: Changes in praline content (mg g-1 DM) callus of different varieties of durum wheat after a salt stress  
            and recovery period 
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Fig. 10: Changes in praline content (mg. g-1 DM) of leaves of different varieties of durum wheat after a salt  
               stress and recovery period 

 
Fig. 11: Comparison of praline content (mg.g-1 DM) between the callus and leaves of different varieties of  
              durum wheat  

 
Praline is accumulated gradually at the cellular 

level (callus) in saline according to the intensity but 
with a higher concentration compared to the plantlet 
is confirmed by the results [6]. The high correlation 
between the accumulation of praline at the cellular 
level and at the plantled allowed us to conclude that 
the praline is considered among the main 
components of osmotic adjustment. 
 
Conclusion : 

 
In this study, we have exploited the potential of 

in vitro culture techniques indicate, at the cellular 
and plantlet level, the behavior of durum wheat under 
salt stress. The existence of a cellular component of 
the resistance to stress has been demonstrated. 
Taking into account the results obtained both at the 
cellular and plantlet is necessary for better 
understanding of the complex mechanisms that allow 

plants to withstand stress and we believe is a key 
strategy in this type of study. 

Among our results we found always the cellular 
response to salinity greater than that in the whole 
plant, cellular response that allowed us to conclude 
that the adition of NaCl and the use of in vitro culture 
techniques has proved effective in isolating cell lines 
tolerant to salinity. 

In vitro culture offers the possibility to 
characterize, at a cellular level, physiological 
markers associated with resistance to salt. 

This technique has the advantage of better 
control of nutrient conditions, while allowing the 
manipulation of a large number of cells, which 
increases the probability of obtaining variants with 
the desired characteristics of salt resistance. 
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VI- Annex: 
 
1- The confidence interval for the fresh weight (% of control)of callus 
IC individuel à 95% 
   VAR          Moyenne   ---------+---------+---------+---------+-- 
BI             80,70                  (-------*------) 
BLI            81,40                      (------*------) 
DK             77,80    (------*------) 
HAU            82,80                             (------*------) 
HED            81,40                      (------*------) 
OZ             80,00               (------*------) 
WA             81,60                       (------*------) 
                       ---------+---------+---------+---------+-- 
                            78,00     80,00     82,00     84,00 
 
2- The confidence interval for the fresh weight (% of control) of leaves 
 
                       IC individuel à 95% 
VAR          Moyenne   -----+---------+---------+---------+------ 
BI              79,6                  (--------*--------) 
BLI             73,6   (--------*--------) 
DK              76,6           (-------*--------) 
HAU             82,6                          (-------*--------) 
HED             79,2                 (--------*--------) 
OZ              77,2            (--------*--------) 
WA              79,6                  (--------*--------) 
                       -----+---------+---------+---------+------ 
                         72,0      76,0      80,0      84,0 
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3- The confidence interval for the water content (g.g-1 DM) of callus 
 
                       IC individuel à 95% 
VAR          Moyenne   -+---------+---------+---------+---------+ 
BI              9,20                             (-----*------) 
BLI             7,70        (-----*-----) 
DK              8,94                          (-----*-----) 
HAU             7,70        (-----*-----) 
HED             8,80                        (-----*-----) 
OZ              7,40    (-----*-----) 
WA              8,20               (-----*-----) 
                       -+---------+---------+---------+---------+ 
                     7,00      7,70      8,40      9,10      9,80 
4- The confidence interval for the water content of leaves 
IC individuel à 95% 
VAR          Moyenne   ----+---------+---------+---------+------- 
BI              6,60                    (------*------) 
BLI             6,10    (-----*------) 
DK              6,66                      (------*------) 
HAU             6,32           (------*-----) 
HED             6,46                (-----*------) 
OZ              6,78                          (------*------) 
WA              6,50                 (------*-----) 
                       ----+---------+---------+---------+------- 
                        6,00      6,30      6,60      6,90 
 
 
5- The confidence interval for the total soluble sugar content (mg. l-1) of  callus 
IC individuel à 95% 
VAR          Moyenne   -----+---------+---------+---------+------ 
BI             158,4              (------*------) 
BLI            163,6                            (------*------) 
DK             161,4                      (------*------) 
HAU            159,0               (------*------) 
HED            162,2                        (------*------) 
OZ             155,0    (------*------) 
WA             161,8                       (------*------) 
                       -----+---------+---------+---------+------ 
                        154,0     157,5     161,0     164,5 
 
6- The confidence interval for the total soluble sugar content (mg. l-1) of leaves 
IC individuel à 95% 
VAR          Moyenne   -+---------+---------+---------+---------+ 
BI             70,00                                  (----*----) 
BLI            70,00                                  (----*----) 
DK             63,80                   (---*----) 
HAU            66,60                          (---*----) 
HED            57,60   (----*----) 
OZ             59,00       (----*---) 
WA             63,40                  (----*---) 
                       -+---------+---------+---------+---------+ 
                    56,00     60,00     64,00     68,00     72,00 
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7- The confidence interval for the content of praline (mg.g -1  DM) of callus 
                       IC individuel à 95% 
VAR          Moyenne   -+---------+---------+---------+---------+ 
BI             0,634                             (-----*-----) 
BLI            0,640                               (-----*-----) 
DK             0,544   (-----*------) 
HAU            0,622                         (------*-----) 
HED            0,586               (-----*------) 
OZ             0,628                           (-----*------) 
WA             0,634                             (-----*-----) 
                       -+---------+---------+---------+---------+ 
                   0,525     0,560     0,595     0,630     0,665 
 
 
8 - The confidence interval for the content of praline (mg.g-1 DM) of leaves 
                       IC individuel à 95% 
VAR          Moyenne   ------+---------+---------+---------+----- 
BI             0,390               (--*--) 
BLI            0,604                                    (--*---) 
DK             0,284    (--*---) 
HAU            0,586                                  (---*--) 
HED            0,400                (--*--) 
OZ             0,454                     (--*---) 
WA             0,496                         (---*--) 
                       ------+---------+---------+---------+----- 
                         0,300     0,400     0,500     0,600 


