
1306 
Advances in Environmental Biology, 7(7): 1306-1314, 2013 
ISSN 1995-0756 
     
 

This is a  refereed journal and all articles are professionally screened and reviewed                             ORIGINAL ARTICLE 
 

Corresponding Author  
Bouatrous Yamina, Department of natural sciences and life sciences Faculty of sciences of nature 
and life, University Mohammed Kheider Biskra, Algeria 
E-mail: bouatrousyamina@yahoo.fr 

Water stress correlated with senescence in durum wheat (Triticum durum Desf) 
 
Bouatrous Yamina 
 
Department of natural sciences and life sciences Faculty of sciences of nature and life, University Mohammed 
Kheider Biskra, Algeria 
 
 Bouatrous Yamina; Water stress correlated with senescence in durum wheat (Triticum durum Desf).  
 
ABSTRACT 
 
 In this study the objective of our work is based on the effect of water stress on morpho physiological 
behavior 4 varieties of durum wheat and their correlation with senescence. Among our results obtained in this 
experiment, it was shown that the effect of water stress has a depressive effect on the growth phenomenon 
studied some of genotype and a particular behavior vis-à-vis the salt of a genotype to other. In general, the 
conditions of water stress, have resulted in the four varieties studied reduced water potential accumulation of 
osmoticum which soluble total sugars, lower leaf of chlorophyll ( a, b) and carotenoids and an increase in the 
synthesis of proteins according to water stress has allowed us conclude that the accumulation of sugars in the 
leaves is a mechanism of resistance to water stress. Leaf senescence is affected not only by endogenous factors 
such as aging, but also by environmental factors such as water stress. Among our results we also found that the 
resistant genotype is a genotype that reacted optimally for most measured parameters. 
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Introduction 
 
 Environmental stresses, including water stress, 
severely limit plant growth and crop productivity [9]. 
The water deficit is a major limiting factor for the 
production of cereal crops, since 60% of the area 
devoted to cereals is in arid and semi-arid which are 
characterized by a highly irregular rainfall and high 
temperatures over much of the year [1]. 
 Several studies have shown that when a water 
deficit, plants adopt coping strategies that differ from 
one species to another and that involve a wide 
combination of morphological, physiological and 
biochemical [8]. 
 Senescence is a summary of the integrated 
response of plants to various signals: internal 
(development) and external (environmental). It is a 
highly regulated process eventually leading to cell 
death and leaves. 
 Durum wheat breeders focus on the 
simultaneous improvement of agronomic 
performance, disease resistance, grain quality 
characters. Agronomic traits include seed yield, 
drought tolerance, plant height, characters qualitative 
physical such as specific gravity, grain size on their 
side, the qualitative characteristics required 
processing include protein, yellow pigment 
concentration. Wheat breeders also try hard to 
maintain resistance to wheat rusts and constantly 
strive to incorporate a stable resistance to leaf spots. 
[2]. 

 Currently, many researches on durum wheat are 
oriented breeding for drought tolerance. Our study 
focuses on the behavior of four durum wheat 
genotypes under different water regimes to discuss 
the different resistance mechanism. Which has 
placed at our disposal a diverse collection, of wheat 
grain of different origins.  
 The objective of our work is to study the effects 
of water stress correlated with senescence of 
different varieties of durum wheat by measuring 
different parameters: morphological, physiological 
and biochemical. 
 
Material and Methods 
 
Plant material: 
 
 The study focused on four varieties (Tritium 
durum Desf) and introduced local origin. Genotypes 
used are listed by categories Official TTGC. 
 
Conduct of the tests: 
 
 Seed of four varieties of durum wheat (WAHA, 
BIDI, GTA, and VITRON) is peeled manually 
disinfected with household bleach for 5 minutes and 
then thoroughly rinsed 3 times in successive distilled 
water. 
 The semiconductor was carried out in plastic 
pots filled with a mixture of ground, sieved to 2cm, 
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sterilized and then mixed with sand because 2/3 
ground and 1/3 sand. 
 
Application of water stress: 

 
 Water stress is applied at the 4 to 5 leaf see 
figure according to the five levels of water regime 
used. 

 
Table 1: The character and origin of the different varieties studied. 

varieties Orgin character sensitivity Production area 
WAHA Mexico - precocious 

- short plant       
-  brown rust  
 - scalding 

 Algeria 

BIDI Syria - seeds dark  
- White ears, smooth, compacts. 

- Black rust Algeria 

VIRTON Spain -  precocious 
- short plant       

- brown rust  introduced from Spain 

GTA DUR Mexico - elongated seed 
- white ears 

- brown rust In Algeria 

 
Table 2: Different levels of water regime (ml). 

Level witness N2 N3 N4 N5 
Water regim (ml) 10 7,5 5 1,5 0,62 

 
Parameters studied: 
 
- morphological parameters (plant height) 
- physiological parameters (surface senescence 
using a software “ Image  tools”,  the relative water 
content using the formula) 
 
RCW = (FW - DW) / (WT - DW) ×100.   Selon La 
Digues (1975) 
 
RCW = relative water content, FW= fresh weight, 
DW= dry weight,  
WT weight turgor 
- biochemical parameters (soluble total sugar 
content, leaf chlorophyll content using the formula 
 
Chl a = 12,7 A663 - 263 A645 
Chl b =  22,9 A645 - 4,68 A663 en mg.L ¹־ 
car = (5 A460 (319 Ca) + (130,3 Cb)) / 200 
 
Statistical analysis: 
 
 To determine the significance of the treatments 
applied to the parameter studied, we used analysis of 
variance with two factors, a comparison of the 
average correlation between the different parameters 
studied using statistical software minitabe 2000. 
 
Results and Discussion 
 
Results: 
 
Morphological parameters: 
 
Plant height: 
 
 In this study and in the analysis of variance with 
two factors (Annex 1), we found a highly significant 
effect of water stress on plant height, whatever the 
genotype studied and even a highly significant effect 
of genotype. 

 The confidence interval allowed us to classify 
nival water stress in three groups distinguished. The 
first group is the maximum level (10 ml) with a mean 
(6.66 cm). The second is for three average levels of 
stress (7.5, 5, 1.5 ml) with averages (5.98, 5.55, 5.22 
cm), respectively. The third group includes the level 
(0.62 ml) with a small average (4.35 cm). 
 For the classification of genotypes treated in this 
work, see Figure (1) and by the confidence interval, 
our genotypes are classified into three groups: The 
first group is presented by the BIDI genotype is 
considered the best genotype with a average (7.36 
cm). The second group includes GTA range with an 
average (5.76 cm). The third group is reserved for 
varieties VITRON, WAHA with averages (4.84, 4, 
26cm) respectively. 
 
- Physiological parameters: 
 
- The rate of senescence: 
 
 In this study and in the analysis of variance with 
two factors (Annex 2), we found a significant effect 
of water stress on the surface of the senescence 
whatever the genotype studied and even a significant 
effect of genotype. 
 The confidence interval allowed us to classify 
level water stress in three groups distinguished. The 
first group concerns levels (10 ml) with an average 
(50.0%). The second is worn both average levels of 
stress (7.5, 5 ml) with averages (32, 23%) 
respectively. The third group is reserved for two 
stress levels (1.5, 0.62 ml) with averages (6.7, 5.3%) 
respectively. 
 For the classification of genotypes treated in this 
work or the Figure (18) and by the confidence 
interval, our genotypes are classified into two 
groups: 
-The first group is presented by the genotype GTA is 
considered the best genotype with an average 
(32.4%). 
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-The second group includes varieties BIDI, WAHA 
with averages (23.5, 21.7%) respectively. 

The third group is reserved for the variety VITRON, 
with an average (16.2%). 

 

 
 
Fig. 1: The height of the plant according to the level of water stress. 
 
- The relative water content: 
 
 In this study and in the analysis of variance of 
two factors (Annex 3), we found a significant effect 
of water stress on relative water content whatever the 
genotype studied and even a significant effect of 
genotype. 
 The confidence interval allowed us to classify 
level water stress in three groups distinguished. The 
first group is the maximum level (10 ml) with mean 
(0, 0 043%). The second is for two average levels of 
stress (7.5, 5 ml) with the average (0.0034, 0, 
0039%) respectively. the third group is available in 
two levels of stress (1.5, 0.62 ml) with averages 
(0.0023, 0.0011%), respectively. For the 
classification of genotypes treated in this work or the 
Figure (19) and by the confidence interval, our 
genotypes are classified into two groups: The first 
group is presented by the BIDI genotype is 
considered the best genotype with the average 
(0.41%). the second group includes varieties GTA 
VITRON, WAHA with averages (0.27, 0.25, 0.23%) 
respectively. 
 
Biochemical parameters: 
 
Leaf chlorophyll content: 
 
 In this study and in the analysis of variance with 
two factors (Annex 4), we found a significant effect 
of water stress on the chlorophyll a content whatever 

the genotype studied and even a highly significant 
effect of genotype. 
 The confidence interval allowed us to classify 
level water stress in three groups distinguished. The 
first group concerns the two maximum levels (10, 7.5 
ml) with the medium (5.9, 4.54 mg / g dry matter), 
respectively. The second is for two average levels of 
stress (5, 1.5 ml) with medium (4.3; 3.63 mg / g dry 
matter), respectively. The third group is reserved 
stress (0.62 ml) with a low average (1.76 mg / g dry 
matter). 
 For the classification of genotypes treated in this 
work (Figure 4) and in the confidence interval, our 
genotypes are classified into three groups: 
 The first group is presented by the genotype 
GTA is considered the best genotype with the 
average (6.61%). The second group includes the 
variety WAHA the average (4.76%). third group is 
reserved for varieties VITRON, IDB with the 
average (2.54, 1.55%) respectively.  
 
Foliar carotenoids content: 
 
 In this study and in the analysis of variance with 
two factors (Annex4), we found a significant effect 
of water stress on chlorophyll c whatever the 
genotype studied and even a significant effect of 
genotype. 
 The confidence interval allowed us to classify 
level water stress in three groups distinguished. The 
first group has the maximum level (10 ml) with the 
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medium (3.35 mg / g dry matter). The second is for 
two average levels of stress (7.5, 5 ml) with averages 
(2.82, 1.93 mg / g dry matter) respectively. The third 

group is reserved for two stress levels (1.25, 0.62 ml) 
with averages (1.53, 1.23 mg / g dry matter), 
respectively.

 

 
 
Fig. 2: The rate of leaf senescence in different varieties studied. 
 

 
 
Fig. 3: The relative water content in different varieties by water stress. 
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Fig. 4: Leaf chlorophyll content according to water stress. 
 

 
 
Fig. 5: The total soluble sugar content in different genotypes according to water stress. 
 
- The total soluble sugar content: 
 
 In this study and in the analysis of variance with 
two factors (Annex 5), we found a significant effect 
of water stress on soluble total sugar content 
whatever the genotype studied and even a significant 
effect of genotype. 

 The confidence interval allowed us to classify 
level water stress in three groups distinguished. The 
first group concerns the maximum levels (10, 7.5 ml) 
with averages (75, 74mg / L), respectively. The 
second is for two average levels of stress (5, 1.5 ml) 
with averages (68 and 64 mg / L) respectively. The 
third group is reserved stress (0.62 ml) with a mean 
(53mg / L). 
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 For the classification of genotypes treated in this 
work or the Figure (5) and by the confidence 
interval, our genotypes are classified into three 
groups: 
-The first group is presented by the genotype 
VITRON which is considered the best genotype with 
the mean (95mg / L). 
-The second group includes varieties GTA, WAHA 
with medium (68, 68 mg / L), respectively. 
-The third group is reserved for the BIDI variety with 
a mean (37 mg / L). 
 
Discussion: 
 
 Varieties are studying have a diversity of 
behavior vis-à-vis water stress. Indeed, quad durum 
wheat genotypes showed a significant difference 
both in terms of growth (fresh and dry weight, leaf 
area, height plant, etc. ....). 
 In durum wheat, water stress also induces a 
decrease in the content of total leaf chlorophyll, it 
causes leaf senescence. The same results have been 
reported in several species, is most often explained 
by a decrease in protein content associated with 
chlorophyll (a, b) (Loggini et al. 1999) attribute this 
decrease. 
 The adjustment of osmotic potential can be 
achieved by ion accumulation minerals and organic 
compounds (soluble sugars) Sugars are considered 
by many authors as good osmoregulatory which can 
play an important role in osmotic adjustment and 
plant adaptation to stress. 
 Soluble sugars protect membranes against 
dehydration, water deficit condition; they contribute 
largely to the lowering of osmotic potential in wheat. 
Stressed plants reacted with increasing amounts of 
soluble sugars in their cells the same results that we 
found in this study (Hireche, 2006). 
 During our testing, we noted that there is a 
gradual increase in the total soluble sugar content of 
leaves based on the reduction of water, the witness is 
reserved the minimum value of soluble sugars to 
abiotic stress, genotype most tolerant accumulate 
amounts higher soluble sugar (VITRON, GTA). 
 The study of the response to water stress in the 
tested genotypes reveals a high variability for most 
parameters measured. No matter abiotic stress 
stimulates the depressive effects of the different 
parameters studied either morphological 
physiological and biochemical. 
 
Conclusion: 
 
 In this study we tried to establish a comparison 
between four durum wheat genotypes on the basis of 
their morphological behavior, physiological and 
biochemical under the effect of water stress. Reveals, 
the existence of variability for most parameters 
measured. In general the water stress stimulates the 
depressive effects of the different parameters studied. 

 The results show that the different parameters 
(TAR, total soluble sugar, and chlorophyll and leaf 
senescence) are sensitive to water stress, but 
increasing it indicates the onset of aging leaves. They 
change gradually as the stress becomes more severe. 
 In the end, the study showed that the four 
genotypes used some common strategies for response 
to water stress but with different frequencies. These 
criteria can be used as selection parameters and 
improving the performance of durum wheat in dry 
areas. 
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Annex 1: 
 
Two-factor ANOVA tested: HP depending VARIETY; STRESS 
Analysis of variance for the height of the plant 
Source        DL        SC        CM        F        P 
VARIETE        3   54,8830   18,2943   274,91    0,000 
STRESS         4   23,7965    5,9491    89,40    0,000 
Erreur        32    2,1295    0,0665 
Total         39   80,8090 
Confidence interval 95% 
Variétés                    moyenne  ----------+---------+---------+---------+- 
BIDI                 7,360                                   (-*) 
GTA                 5,760                   (-*) 
VITRON         4,840          (*-) 
WAHA           4,260    (-*)  
                       ----------+---------+---------+---------+- 
                             5,000     6,000     7,000     8,000 
                                                 Confidence interval 
Stress           moyenne   -+---------+---------+---------+---------+ 
N1             6,663                                     (-*--) 
N2             5,988                           (--*-) 
N3             5,550                     (-*--) 
N4             5,225                (--*-) 
N5             4,350   (--*--) 
                       -+---------+---------+---------+---------+ 
                    4,200     4,900     5,600     6,300     7,000 
Annex2 
ANOVA two factors were controlled: SR based VARIETY; STRESS 
Analysis of variance for     senescence rate 
Source        DL        SC        CM        F        P 
VARIETE        3      1344       448     1,14    0,347 
STRESS         4     11209      2802     7,15    0,000 
Erreur        32     12544       392 
Total         39     25097 
Confidence interval 95% 
STRESS       Moyenne  -----+---------+---------+---------+------ 
N1               6,7    (------*------) 
N2               5,3    (------*------) 
N3              23,0            (-------*------) 
N4              32,5                 (------*------) 
N5              50,0                          (------*------) 
                       -----+---------+---------+---------+------ 
                          0,0      20,0      40,0      60,0 
Confidence interval 95% 
VARIETE      Moyenne -------+---------+---------+---------+---- 
BIDI            23,5           (------------*-----------) 
GTA             32,4                    (-----------*------------) 
VITRON          16,3    (-----------*------------) 
WAHA            21,7         (------------*-----------) 
                       -------+---------+---------+---------+---- 
                           10,0      20,0      30,0      40,0 
 
Annex 3  
ANOVA two factors were controlled: RWC depending VARIETY; STRESS 
Analysis of variance for     RWC  
Source        DL        SC        CM        F        P 
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VARIETE   3 0,0000179 0,0000060     1,03    0,392 
STRESS      4 0,0000655 0,0000164     2,84    0,040 
Erreur        32 0,0001846 0,0000058 
Total         39 0,0002679 
Confidence interval95% 
STRESS       Moyenne  ---+---------+---------+---------+-------- 
N1           0,00437                   (--------*-------) 
N2           0,00460                    (--------*--------) 
N3           0,00393                 (--------*-------) 
N4           0,00227         (-------*--------) 
N5           0,00133    (--------*-------) 
                       ---+---------+---------+---------+-------- 
                    0,00000   0,00200   0,00400   0,00600 
 
Confidence interval 95% 
VARIETE      Moyenne --+---------+---------+---------+--------- 
BIDI         0,00364            (------------*------------) 
GTA          0,00275     (------------*------------) 
VITRON       0,00258    (------------*-----------) 
WAHA         0,00422                 (------------*------------) 
                       --+---------+---------+---------+--------- 
                   0,00120   0,00240   0,00360   0,00480 
Annex 4 
ANOVA two factors were controlled: CHa based VARIETY; STRESS 
Analysis of variance for chlorophyll      
Source        DL        SC        CM        F        P 
VARIETE        3     154,6      51,5     5,05    0,006 
STRESS         4      52,9      13,2     1,30    0,292 
Erreur        32     326,4      10,2 
Total         39     533,8 
Confidence interval 95% 
STRESS       Moyenne   ---+---------+---------+---------+-------- 
N1              1,76   (-----------*----------) 
N2              4,54                 (-----------*----------) 
N3              4,30                (-----------*----------) 
N4              5,09                    (----------*-----------) 
N5              3,63             (----------*-----------) 
                       ---+---------+---------+---------+-------- 
                       0,00      2,00      4,00      6,00 
Confidence interval 95% 
VARIETE      Moyenne---+---------+---------+---------+-------- 
BIDI            1,55    (-------*-------) 
GTA             6,61                        (-------*--------) 
VITRON          2,54        (-------*-------) 
WAHA            4,76                 (-------*-------) 
                       ---+---------+---------+---------+-------- 
                       0,00      2,50      5,00      7,50 
ANOVA two factors were controlled: carotenoids according to VARIETY; STRESS 
Analysis of variance for carotenoids  
Source        DL        SC        CM        F        P 
VARIETE        3     61,17     20,39     5,12    0,005 
STRESS         4     25,49      6,37     1,60    0,198 
Erreur        32    127,43      3,98 
Total         39    214,10 
 
Confidence interval 95% 
VARIETE      Moyenne   --+---------+---------+---------+--------- 
BIDI            1,08    (-------*--------) 
GTA             1,97          (-------*--------) 
VITRON          1,39      (-------*--------) 
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WAHA            4,24                         (-------*--------) 
                       --+---------+---------+---------+--------- 
                      0,00      1,50      3,00      4,50 
Confidence interval 95% 
STRESS       Moyenne   --+---------+---------+---------+--------- 
N1              1,93         (-----------*-----------) 
N2              2,82                 (-----------*-----------) 
N3              3,35                     (-----------*-----------) 
N4              1,23   (-----------*-----------) 
N5              1,53      (-----------*-----------) 
                       --+---------+---------+---------+--------- 
                      0,00      1,20      2,40      3,60 
Annex 5 
ANOVA two factors were controlled: total soluble sugars according to VARIETY; STRESS 
Analysis of variance for TSS     
Source        DL        SC        CM        F        P 
VARIETE        3     17070      5690     2,11    0,118 
STRESS         4      2413       603     0,22    0,923 
Erreur        32     86153      2692 
Total         39    105637 
Confidence interval 95% 
STRESS       Moyenne  ----+---------+---------+---------+------- 
N1                53   (--------------*--------------) 
N2                74            (--------------*--------------) 
N3                75            (--------------*--------------) 
N4                64        (--------------*--------------) 
N5                68         (--------------*--------------) 
                       ----+---------+---------+---------+------- 
                          25        50        75       100 


