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Abstract. Genetic advances in grain yield under rainfed conditions have been achieved by 
empirical breeding methods. Progress is slowed, however, by large genotype x season and 
genotype x location interactions arising from unpredictable rainfall, which is a feature of dry 
environments. A good understanding of factors limiting and/or regulating yield now provides us 
with an opportunity to identify and then select for physiological traits that increase drought 
tolerance and yield under rainfed conditions. Applying different physiological tests to 
appreciate drought tolerance in seedlings of durum wheat varieties leads to faster selection 
methods. Five (5) tests (germination, chlorophyll fluorescence extinction, electrolyte leakage, 
water and osmotic potential) were undertaken to evaluate the level of tolerance to water stress 
for 190 wheat accessions. Chlorophyll fluorescence extinction measurement seems to be the 
most reliable test enabling the discrimination of varieties according to their drought tolerance. 
 
Keywords: Drought tolerance evaluation, durum wheat and physiological tests 
 
Abbreviations: PEG, Poly-Ethylene Glycol; Fv, variable fluorescence; Fm, maximal 
fluorescence; INRAT, Agriculture Research National Institute of Tunisia; Chl., Chlorophyll; 
IDu-WUE, European Union project IDu-WUE (ICA3-CT-2002-10028)  
 

INTRODUCTION 
 

Achieving genetic increases in yield under rainfed conditions has always been a 
difficult challenge for plant breeders. Water loss can lower leaf water potentials, 
leading to reduced turgor, stomatal conductance and photosynthesis and, ultimately, to 
reduced growth and lighter yields. Several physiological characters, which can 
contribute to continued growth under water stress, have been identified (Garcia del 
Moral et al., 2003; Sayar et al., 2005). For example, osmotic adjustment is considered 
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to be an adaptation to water stress, by which an increase in the solute content of cells 
can lead to maintenance of turgor and turgor-related process at low water potentials 
(Kumar & Elston, 1992). Among other criteria found in sensitive varieties of wheat is 
negative value of water potential in stressed compared to control plants (Benlaribi et 
al., 1990). Chlorophyll fluorescence was used for detecting plant tolerance to heat and 
water stresses (Havaux et al., 1988), whereas, electrolyte leakage is used to study the 
changes in membrane structure and permeability (Martin et al., 1987; Vasquez-Tello et 
al., 1990). 

Because yield and drought resistance are controlled at separate genetic loci 
(Blum, 1983 ; Morgan, 1984), breeding should involve the identification of 
physiological traits responsible for drought resistance. The utility of a particular 
measurement depends upon the rapid assessment of the plant at a critical stage using 
large quantities of plant material. Some physiological screening tests are suitable for 
testing large numbers of plant genotypes ( Sayar et al., 2005). 

A physiological approach can complement empirical breeding and can enhance 
the rate of yield improvement in four ways. 

First, it can identify important traits for which there is inadequate genetic 
variation in the breeder’s population. Second, large seasonal variation in yield and 
subsequent genotype x environment interactions will slow genetic gain for yield. 
Specific targeting of physiological characters that limit yield and have a high 
heritability may be more effective than direct selection for yield (Sayar et al., 2007).  

Third, physiological traits can sometimes be measured off-season, or in controlled 
conditions, so that several generations can be grown each year with selection. Fourth, 
selection for physiological traits, particularly in early generation, can be more cost 
effective. Yield trials are expensive to conduct and if the population can be culled in 
earlier generations by effective physiological criteria, then this will allow more high-
yielding, adapted entries to be tested, and greater replication in yield trials to increase 
selection precision. 

Since, in Tunisia, durum wheat genotypes are mostly grown under rainfed 
conditions, they inevitably suffer from drought stress during the reproductive period of 
growth when stored water becomes depleted. High-yielding durum wheat varieties 
from several countries are being introduced in Tunisia and there is, therefore, a need 
for the screening and development of drought tolerant cultivars. The complexity of the 
drought effects requires an understanding of the plant's responses at the physiological 
level. It is therefore important to have a reliable physiological test to discriminate 
among tolerant or sensitive varieties for a breeding program. The physiological and 
morphological responses of cereals to water stress have been studied extensively 
(Boyer & Westgate, 2004; Blum, 2005). 

This paper explores opportunities to improve drought tolerance evaluation in 
water-limited environment by:   
• Comparing five tests in order to determine the most convenient to use in 
breeding programs.  
• Testifying to the possibility of early identification of drought tolerant 
genotypes among 190 wheat accessions. 
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MATERIALS AND METHODS 
 

This study was carried out at Kef research station (INRAT) located in a semi-arid 
area (36º14’N 8º27’E) in western Tunisia. On the basis of preliminary results of a field 
trial, 190 durum wheat accessions were divided into five groups according to their 
drought tolerance based on yield criteria (Table1). Determining the most reliable test 
for the evaluation of water stress tolerance required use of two variety groups as a 
reference, a group of sensitive varieties (GR1) and another of tolerant ones (GR5). 
Germination was studied on media differing in osmotic potentials (0, -0.2, -0.4, -0.6 
and -0.8 MPa)  prepared by adding PEG 10000 to distilled water according to Van’t 
Hoff’s equation (Lang, 1967). The other tests were carried out on the last fully 
expanded leaf on the main tiller at tillering stage (decimal Zadocks stage Z3.0).  

 
Table 1. List of used genotypes for each group (GR) according to their drought tolerance 

based on grain yield (kg ha-1); n : genotype number per group. 
 

 
 

 
 1. Physiological tests 
1.1 Germination test 
 
Thirty (30) seeds of each variety were first disinfected by immersion in a calcium 

hypochlorite solution, containing 5% active chlorine, for 5 min. The seeds were then 
washed three times with sterilised distilled water. Germination tests were carried out in 
sterilised Petri dishes [(150 x 15 mm) covered at the bottom with a cotton layer]. The 
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dishes were moistened with equal amounts of PEG solutions and kept moist by adding 
3 ml of the same solution, daily. Germination was carried out in a dark growth 
chamber (Model MB-60B, Percival Manufacturing Company, USA) at 25°C ± 0.5°C 
and 80% ± 1% relative humidity. Seeds were considered germinated when the radicle 
(coleorhizae) was at least 1 mm long. The germination percentage was determined 
after 7 days.  

 
1.2 Chlorophyll fluorescence 
 
Chlorophyll fluorescence was measured using a portable fluorometer (Handy 

PEA).  Chl. fluorescence was expressed as the ratio of variable fluorescence (Fv) to 
maximum fluorescence (Fm).  Each value is a mean of 10 measurements. 

 
 1.3 Electrolytes leakage 
 
Electrical conductivity of the solution containing the electrolytes leaking from 

leaf segments was used to assess the degree of drought tolerance.  Segments (0.5 cm 
long) were cut from young fully expanded leaves on the main tiller. Leaf tissue (200 
mg) was shacked for 30 minutes in a test tube containing 4 ml of demineralised water. 
It was then rinsed 3 times in order to eliminate surface electrolytes (Blum & Ebercon, 
1981). The segments were then placed on a dry filter paper in Petri dishes under dark 
conditions (Martin et al., 1987). After 2 hours the segments were placed in another set 
of tubes containing 15 ml of demineralised water and shacked for 30 min. The 
conductivity of the solution (Lt) was then determined using a conductimeter. Other 
readings were made after 4, 6, and 8 hours of stress. The highest specific conductivity 
(Lk) of each variety was obtained after shacking leaf segments previously autoclaved 
for 30 min at 120°C. This value is directly linked to the concentration of electrolytes in 
the leaf. The level of electrolyte leakage in a given sample was calculated as  
100Lt/Lk. 

 
1.4 Water potential 
 
Seeds from the 190 varieties were grown in 12 x 13 cm-pots containing compost. 

Watering was halted after 4 weeks when plants reached tillering stage. Water potential 
measurements were made before and after withholding water by using a pressure 
bombe on the youngest fully expanded leaf. 

 
1.5 Osmotic potential 
 
Osmotic potential was measured on samples taken before and after the start of the 

stress treatment. Samples of leaf tissue (500 mg) from each plant were placed in 
Eppendorf tubes with 4 holes in the bottom and frozen at -30°C. After 12 hours, the 
samples were removed from the freezer, thawed, then centrifuged at 15000 xg for 15 
min in other Eppendorf tubes. For each sample, a 200 µl- aliquot was placed in a 
capsule and its osmotic pressure was measured with a freezing point Osmometer 
(Knauer rang 400–1600). 
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Statistical analysis 
 
An augmented design was applied with 4 checks; the analysis of variance was 

done using MSTAT statistical package (NISSEN, 1990). 
 

RESULTS AND DISCUSSION 
 
2.1 Germination tests under water stress condition 
 
After 7 days of imbibition, germination rates of various varieties decreased as the 

concentration of PEG increased (Fig. 1). However, it was only 9% at 25% PEG for the 
sensitive varieties (GR1), 10% for GR2, 14% for GR3 and 15% for GR4, whereas the 
tolerant varieties (GR5) showed a rate of 28%.  At 30% PEG, only some seeds of 
varieties in GR5 germinated whereas no germination was observed for the rest of the 
varieties. The statistical analysis showed a significant difference between varieties 
(P<0.01) and a highly significant difference (P<0.001) between the different PEG 
concentrations, whereas the interaction genotypes x treatment was not significant 
(Table 2). 

The fifth group (drought tolerant varieties) grown on 25% PEG was significantly 
higher (Fisher test at 5%) than the other groups, which showed no difference.  

Germination test under water stress induced by PEG solution allowed the 
discrimination among varieties for their drought tolerance. According to Levitt (1980), 
germination test represents a good quick and reliable method for evaluating a large 
number of varieties in a short period of time.  

 
2.2 Chlorophyll fluorescence  

 
The Fv/Fm ratio in plants grown in suitable conditions is around 0.8 and 

decreases towards 0 under stress conditions. The results obtained in this study showed 
a considerable difference among the varieties. Compared to their respective controls, 
tolerant cultivars in GR5 showed a decrease of 16% of the ratio Fv/Fm (Fig. 2), 
whereas the susceptible cultivars in GR1 showed a higher reduction (63%). For the rest 
of the varieties the decrease was 30%, 40% and 51% for GR4, GR3 and GR2, 
respectively. Theses differences among the tolerant and sensitive varieties indicate that 
a measurement of photosynthetic parameters such as Fv/Fm may be used as a rapid and 
reliable test for drought tolerance. Chl. fluorescence measurements allowed the 
discrimination among tolerant and sensitive varieties (Table 2). Under water stress 
conditions the tolerant varieties maintained a higher photosynthetic activity than the 
sensitive varieties. This technique was also used in breeding programs to select for cold 
tolerance in durum wheat (Bertin et al., 1992) and for salinity tolerance (Piri, 1991). 
These results emphasized the importance of measuring chlorophyll fluorescence to 
evaluate plant adaptation to abiotic stress. For drought tolerance, the results of this 
study have shown that maintaining photosynthetic activity in rapidly dehydrated leaves 
is a characteristic of tolerance and may be used as a good indicator of drought 
tolerance in wheat. Although the measurements made in this study concern only the 
dehydration in leaves and does not include other types of mechanisms, this technique 
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could be reliable to discriminate among tolerant and sensitive varieties. Havaux & 
Lannoye, 1985 showed that the high inhibition of photosynthesis under water stress 
may not be only the result of chlorophyll degradation and stomatal closure, but is also a 
result of changes in the function of the thylakoid membranes resulting in a decrease in 
quantum yield of the primary photochemical reactions in PSII leading to an alteration 
of energy distribution between the two photosystems in favor of PSI. 

 
2.3 Electrolyte leakage 
 
Our results show that, in all varieties, electrolyte leakage increased as the time of 

dehydration increased (Fig.3). A significant difference was found between varieties 
(P<0.01). The difference between the sensitive and the tolerant varieties was 
significant (P<0.01) at all sampling times (Table 2). The leakage reached 21 and 11%, 
after 2 hours, 44 and 31% after 4 hours, 81 and 59% after 6 hours, 88 and 70% after 8 
hours for sensitive and the tolerant varieties, respectively. The GR4, GR2 and GR3 
showed a significantly higher leakage than the tolerant varieties in GR5. The 
differences were not significant between GR4 and GR2. However the varieties of GR1 
showed a significantly higher electrolyte leakage than those in GR2 and GR4 at 6 
hours stress (Fig. 3). 

     The results from electrolyte leakage measurements showed that membrane 
integrity was conserved for tolerant compared to sensitive varieties. This shows the 
importance of this test in discriminating among tolerant and sensitive varieties. This is 
in agreement with the conclusion of Martin and al. (1987) that electrolyte leakage was 
correlated with drought tolerance in different species such as Quercus sp., Cornus 
florida, Acer saccharum and Juglans nigra. The same conclusion was reported by 
Vasquez tello and al. (1990) for two different species (Paseolus and Vigna). The 
leakage was due to damage to cell membranes which become more permeable 
(Senaratna & Kersie, 1983).  

 
2.4 Water potential 
 
Water potential was measured before and after withholding water for 15 days for 

each variety. The mean value of water potential varied between -0.29 and -0.30 MPa in 
control plants of the five groups and between -2.74 and -1.15 MPa after 15 days of 
stress (Fig. 4). Significant differences were noticed between the values of water 
potential before and after stress for all the varieties (Table 2). The value of water 
potential for sensitive varieties changed from -0.29 to -2.74 MPa and from -0.29 to -
1.15 MPa for tolerant varieties (GR5) with significant differences between the two 
groups. The remaining three groups showed fewer negative values. We observed also 
for sensitive varieties higher negative values of water potential than the tolerant 
varieties. These results agree with those of Benlaribi et al. (1990) on wheat, which 
showed a correlation between maintaining higher values of leaf water potential and 
drought tolerance. Similar conclusions were reported under cold stress (Park & 
Tsunoda, 1983; Amsaa, 1991) and salinity stress (Hadda & Coudret, 1991). 
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Table 2. Combined analysis of variance showing the mean squares of the genotypes and 
treatment factors and the interaction genotype x treatment for the germination test (GT), water 
potential  (ψH), osmotic potential (ψo), electrolyte leakage (EL) and chlorophyll fluorescence   
(Fv/Fm). 
 

Source of variation GT (%) ψH (MPa) ψo (MPa) EL (%) Fv/Fm (%) 
Genotype 817,94** 0,74*** 0.003** 576.90** 460.13*** 
Treatment 27046,55*** 30,74*** 0.580** 3195.51** 13104.3*** 
Treatment x Genotype. 171.68 0,65*** 0.003* 36.60** 460.13*** 
Error 89.23 0.01 0 3.58 1.86 
CV % 21.28 8.85 3.99 3.55 1.73 

*, **, ***: Significant at P<0,05; 0,01 and 0,001 respectively 
 
 
 
 

 
 
 
 
 
 

 
 

Fig. 1. Grains germination rates variation expressed in (%) after 7 days. 
Germination tested on media differing in osmotic potentials 0 MP (distilled water), -0.2 
MPa (PEG 20%), -0.6 MPa (PEG 60%) and -0.8 MPa (PEG 80%). Germination tests 
were carried out in sterilised Petri dishes moistened with equal amounts of PEG 
solutions and kept moist by adding 3 ml of solution. Each value is a mean of 30 
measurements. Error bars indicate the SE of the mean.  
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Fig. 2. Fv/Fm ratio (expressed as % of the control) variation 15 days after 
stopping irrigation for the five durum wheat groups. Measures are taken on the last 
fully expanded leaf of the main tiller for check (Full irrigation) and stressed plants. 
Each value is a mean of 10 measurements. Error bars indicate the SE of the mean. 
  

 

 

 

 

 

 
 
 

Fig. 3. Electrolyte leakage variation 15 days after stopping irrigation for the five 
durum wheat groups. Measures were taken on the last fully expanded leaf of the main 
tiller for check (Full irrigation) and stressed plants. Each value is a mean of 30 
measurements. 
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Fig. 4. Leaf water potential variation 15 days after stopping irrigation for the five 

durum wheat groups. Measures were taken on the last fully expanded leaf of the main 
tiller for check (Full irrigation) and stressed plants. Each value is a mean of 30 
measurements. Error bars indicate the SE of the mean. 
 

 
Fig. 5. Leaf osmotic potential variation 15 days after stopping irrigation for the 

five durum wheat groups. Measures were taken on the last fully expanded leaf of the 
main tiller for check (Full irrigation) and stressed plants. Each value is a mean of 30 
measurements. Error bars indicate the SE of the mean. 

 
 
2.5 Osmotic potential 
 
Water stress resulted in the increase of osmotic potential in the cells of the 190 

varieties (Fig.5).  Osmotic potential was highest (-0.49 MPa) in the sensitive variety 15 
days after withholding water. The value of osmotic potential of the tolerant varieties 
was nearly the same as for the control (unstressed). 

The differences were highly significant among control and stressed plants in all   
varieties (P < 0.01). The differences between GR2, GR3 and GR4 were not significant 
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under stress conditions. Only the tolerant varieties showed less negative osmotic 
potentials (Fig. 5).  

Osmotic pressure is an indication of solute concentration in the cell, but it does 
not necessarily indicate the occurrence of osmoregulation (Lorent, 1988). In fact, the 
increase in osmotic pressure often results from a passive accumulation of solutes 
resulting from tissue dehydration. For the tolerant variety, an active accumulation of 
solutes (osmoregulation) was occurring. This is the only adaptive and positive response 
beneficial to the plant under water stress conditions (Turner, 1986). Osmoregulation 
enables the plant to maintain high turgor pressure and as well to survive under stress 
conditions. Jones et al. (1981) reported that osmotic potential is considered an 
important selection criterion for rice. Osmotic adjustment protects also the 
photosynthetic apparatus against photo-inhibition (Downton, 1983) and hence confers 
dehydration tolerance (Flowers & Ludlow, 1986). 

 
CONCLUSION 

 
Under water stress conditions, varieties in GR5 were the most tolerant whereas 

those in GR1 were the most sensitive. Germination and osmotic potential tests under 
stress conditions could not distinguish among varieties and thus can be regarded as less 
accurate. The water potential test indicated a better tolerance for GR3 varieties whereas 
electrolyte leakage test showed no difference among GR2, GR3 and GR4 varieties. 
Chlorophyll fluorescence extinction measurement under water stress conditions 
seemed to be the most reliable test enabling the classification of the variety groups 
according to their drought tolerance. These results emphasized the importance of 
measuring chlorophyll fluorescence as an early test to evaluate drought tolerance in 
screening large numbers of cultivars for drought tolerance. 

  
ACKNOWLEDGEMENTS. Financial and technical support for this study was 
provided by the European Union project IDu-WUE (ICA3- CT-2002-10028) and the 
INRAT. The authors are grateful to PSB (Produttori Sememento Bologna) for 
providing the accessions seeds. We would like to thank Mr. H. Nahdi for the support 
he provided with regard to the statistical analyses undertaken for this work. Thanks are 
also extended to Dr M. Kharrat for critically reviewing the manuscript. 

 
 

REFERENCES 
 

Ammsa, M. 1991. Application de l’haplodiploidisation par androgenèse in vitro à 
l’amélioration de la tolérance aux basses températures chez le riz (Oryza sativa L.) Thèse 
de doctorat UCL, Louvain la neuve, Belgique, 350 pp. 

Benlaribi, M., Monneveux, P. & Grignac, P. 1990. Etude des caractères d'enracinement et de 
leur rôle dans l'adaptation au déficit hydrique chez le blé dur. Agron. 10, 305–322. 

Bertin, P., Van Sint Jan, V. & Bouharmont, J. 1992. Use of chlorophyll fluorescence: a 
screening method for Abiotic stress tolerance of different rice genotypes. Mededelingen 
van de  faculteit Landbouwwetenschappen Universiteit Gent 57, 1545–1547. 

Blum, A. & Ebercon, A.  1981. Cell membrane stability as a measure of drought and heat 
tolerance in wheat.  Crop Sci. 21, 43–47. 



 89 

Blum, A. 1983. Evidence for genetic variability in drought resistance and its implications for 
plant breeding. In: Drought resistance in crops, with emphasis on rice. Los Banos, 
Philippines: IRRI, pp. 53–68 

Blum, A. 2005. Drought resistance, water-use efficiency and yield potential are they 
compatible, dissonant or mutually exclusive? Australian Journal of Agricultural Research 
56, 1159–1168 

Boyer, J. S. & Westgate, M. E. 2004. Grain yields with limited water. J. Exp. Bot. 10.1093/ jxb/ 
erh  219. 

Flower, D. J., & Ludlow, M. M. 1986. Contribution of osmotic adjustement to the dehydratation 
tolerance of water-stressed pigeon pea (Cajanus cajan L.) leaves. Plant cell Env. 9, 33–
40. 

Garcia del Moral, L.F., Rharrabti, Y., Villegas, D. & Royomm, C. 2003. Evaluation of Grain 
Yield and Its Components in Durum Wheat under Mediterranean Conditions: An 
Ontogenic Approach.   Agron. J., 95, 266–274 

Haddad, S. & Coudret, A. 1991. Effets de l’adjonction. De KCL ou Ca cl2 sur la tolérance au 
Na CL chez deux cultivars de triticale (Clercale et Beagle). Can. Jour. Bot. 69, 2113–
2121. 

Havaux, M. & Lannoye, R.  1985. Effects of dehydratation on the photochemical function of 
thylakoids in bean leaves. Photosynthetica 19, 388–396. 

Havaux, M. & Lannoye, R.  1988. Sélection des variétés de blé dur et de blé tendre adaptées à 
la sécheresse par la mesure de l’extinction de la fluorescence de la chlorophylle in vivo. 
Agron. 8, 193-199   

Kumar A. & Elston J. 1992. Genotypic differences in leaf water relations between Brassica 
juneea and B. napus. Annals of Botany  70, 3–9. 

Lang A. R. G. 1967. Osmotic coefficients and water potentials of sodium chloride solutions 
from 0 to 40°c.  Aust. J. Chem 20, 2017–2023. 

Lorent, G.  1988. Physiologie et Biochimie de la résistance à la sécheresse chez Phaseolus 
acutifolius A. et Phaseolus vulgarus L. Thèse de doctorat, ULB, Bruxelles, Belgique, pp. 
300 

Martin , U., Alladru, S. G. & Bahari, Z. A. 1987. Dehydration tolerance of leaf tissues of six 
woody angiosperm species. Physiol. Plant. 69, 182–186. 

Morgan J. M. 1984. Osmoregulation and water stress in higher plants. Annuel review of plant 
physiology 35, 299–319 

Nissen, O. 1990. MSTAT-C: A Microcomputer Program for the Design Management and 
Analysis of Agronomic Research Experiments. 

Park, I. K. & Tsunoda, S. 1983. Photosynthetic responses of rices varieties to low temperarure 
treatment, with special reference to the accumulation of soluble sugars and starch in the 
leaves.  Jap. J. Breed. 33, 404–410. 

Piri, K.  1991. Contribution à la sélection in vitro de plantules androgénétiques de blé pour leur 
tolérance au NaCl. Thèse de doctorat. Faculté des Sciences Agronomiques de Gembloux, 
Belgique, pp. 250  

Sayar, R., Khemira, H., Bensalem, M. & Kameli, A. 2005. Drought tolerance  evaluation tests 
for durum wheat (Triticum Durum Desf.), Poster in International Conference on 
Integrated Approaches to Sustain and  Improve plant production under Drought stress/ 
Inter Drought-II; P3-61. 

Sayar, R., Khemira, H. & Kharrat, M. 2007. Inheritance of deeper root length and grain yield in 
half-diallel  durum wheat (Tritium durum Desf.) crosses. aab 151 (2007) 213–220 crosses. 
Annals of Applied Biology, ISSN 0003-4746 doi: 10.1111/j.1744 7348.2007.00168.x 

Senaratna, T. & M. C. Kersie, B. D. 1983. Characterization of solute efflux from dehydration 
injured soybean (Glycine max L; Merr. ) seeds. Plant Physiol. 72, 911–914. 



 90 

Turner, N. C. 1986. Adaptation to water stress deficits: a changing perspective. Aust. J. Plant 
Physiol. 13, 175–190. 

Vasques-Tello, A., Zuily-Fodil, Y., Phamthi, A. T., Vieira, D. A. &  Silva, J. B. 1990. 
Electrolyte and Pi leakages and soluble sugar content as physiological tests for screening 
resistance to water stress in Phaseolus and Vigna species. J. Exp. Bot. 41, 827–832. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


