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Abstract 
 

Salinity is one of the major constraints to wheat production particularly in rain-fed areas, especially 
Central Anatolian Plateau (CAP), of Turkey. However, salt tolerance levels in wheat (Triticum aestivum 
L.) cultivars currently growing in CAP have not been well documented yet. For this purpose, a total of 20 
bread wheat cultivars, consisting of 10 rain-fed and 10 irrigated ones, were tested for vegetative stage 
tolerance to salinity at three different (0, 100 and 200 mM) NaCl concentrations in hydroponic culture. 
Significant differences (P<0.01) were identified between cultivars in terms of membrane stability (MS) and 
its injury (MI). Most of the salinity tolerant cultivars were from the rain-fed ones rather than the irrigated 
ones. Therefore, it may be concluded that there exists a close relationship between salinity and drought 
tolerances in wheat cultivars where are grown in co-existence of salinity and drought stresses. In addition, 
biplot method revealed that cultivars can be visually distinguished regarding genotypic responses to 
salinity.  
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1. Introduction 
Considering wheat production, Turkey is one of the self-sufficient countries in the world. 

But, abiotic stresses such as salinity are the main constraints diminishing wheat production in 
Turkey. Central Anatolian Plateau (CAP), major wheat planting area, covering 32 % of total 
wheat planting land of Turkey, is under the salinity threat (http://www.turkstat.gov.tr). 
However, literature review reveals that commercial wheat cultivars grown in CAP have not 
been tested yet for tolerance to salinity.    

Improving the salt tolerance of crops requires access to genetic diversity (either natural or 
transgenic), and efficient techniques for quantifying salt-tolerance (1).The cultivar differences in 
tolerance to salinity  that exist among crop plants can be utilized through  plant breeding programs 
by exploiting appropriate traits for salt tolerance. Therefore, plant breeding programs could be 
more effective if the assessments were undertaken in controlled conditions such as green houses 
and growth chambers and using physiological markers/traits rather than selecting for yield per se 
and/or its components under soil salinity (2).On the other hand, it has been recently demonstrated 
that some physiological injuries of plants may be correlated with stress type and dosage. It is 
therefore not surprising that electrolyte leakage (3) has been recommended as a valuable criterion 
for identification of stress tolerant cultivars in several crop species. Increased cell damage can 
decrease membrane stability (MS) and its injury (MI), thereby disrupting water, ion, and organic-
solute movement across plant membranes, thus affecting carbon production, consumption, 
transport, and accumulation (4). A common method of evaluating damage to membranes is by 
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examining MS and MI, which measure electrolyte leakage from tissues, such as leaves, subjected 
to stresses such as drought (5), heat (6), and freezing (7).  

Different statistical approaches such as absolute salt tolerance (8), relative salt tolerance (9), 
susceptibility index (10) and biplot (11) had been used to determine salt tolerance responses of 
crop plants. There are reports of confusing results and errors in measurements by these methods 
except biplot (1, 12). Using biplot method, cultivars can be assessed by multi-variables 
simultaneously for any stress factor. Biplot method is capable of distinguishing cultivars based on 
their tolerance levels across the salinity concentrations and cultivar-by-salinity interactions (12). 

The objective of this study was to determine salinity tolerance levels of wheat cultivars 
from Turkey by means of MS and MI.  
 
2. Materials and Methods 
2.1. Plant materials  

Twenty wheat (Triticum aestivum L.) cultivars, officially registered and recommended 
for winter wheat growing areas, especially for CAP of Turkey, were used in the this study. 
From twenty wheat cultivars, 10 (Dagdas-94, Karahan-99, Eraybey, Gerek-79, Altay-2000, 
Mesut, Mufitbey, Sonmez-01, Bayraktar-2000 and Gun-91) are recommended for rain-fed 
areas, while 10 (Konya-2002, Ahmetaga, Ekiz, Kinaci-97, Tosunbey, Kenanbey, Bezostaya-1, 
Yunus, Soyer-02 and Alpu-01) were adaptable to irrigated areas of CAP of Turkey.  

 

2.2. Plant growth conditions 
A hydroponic experiment was conducted to examine the responses to salinity (NaCl) in 

twenty wheat cultivars. In the experiment, three different concentrations (0, 100 and 200 mM) 
of NaCl were arranged in a completely randomized block design with four replicates. Plants 
were grown in 3 L PVC containers with constant aeration. Each container was filled with 2.8 
L of Hoagland nutrient solution. Solution was changed every 4 days. pH was monitored once 
in each day to maintain within a range of 6.0–6.5. Plants were growth in phytotron with 
temperature ranges of 22 °C (day) and 18 °C (night), light regimes of 8 h (day) and 16 h 
(night) and relative humidity of 70 %. Seeds were sterilized in C2H6O of 70 % for 1 min, 
followed by soaking in NaOCl of 3% for 5 min, and then rinsed three times with deionized 
water. After sterilization treatment, seeds were germinated on filter paper in petri dishes at 22 
°C for 4 days. Seedlings were planted into the PVC containers. At 8-10 days after planting, 
when the third leaf was beginning to appear, the salt treatment was introduced in increments 
of 20 mM NaCl. Supplemental Ca2+ of 5 mM, CaCl2, was added to solution with NaCl 
treatment to prevent Ca2+ deficiencies in plants (13). 

 

2.3. Membrane stability and its injury  
Determination of membrane stability (MS) and its injury (MI) was done by recording the 

electrical conductivities (EC) of leaves in double distilled water. Leaf samples of 0.1 g were 
used in test tubes containing 10 mL of water in two sets. One set was set aside at 40 °C for 30 
min (C1) and another set at 100 °C in boiling water  for 15 min (C2) and their respective 
electrical conductivities, (C1 and C2), were measured by a pH-EC meter (Crison Instruments, 
Spain). MS and MI were calculated by (14): MS = (C1/C2) x 100 and MI = [1- (C1/C2)]. 

 

2.4. Statistical analyses 
MS and MI data were analyzed using a factorial ANOVA in split design, where salinity 

treatments were assigned as whole plots and cultivars were arranged as sub-plots. According 
to (15), LSD (P <0.05) was used to compare cultivar means. Biplot method was performed 
using Biplot and Singular Value Decomposition Macros for Excel (16).  ANOVA was 
performed using Minitab 16.1.0 (Minitab Inc., USA). 
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3. Results and Discussion 

According to ANOVA, the differences between twenty wheat cultivars for membrane 
stability (MS) and its injury (MI) at three different NaCl concentrations (0, 100 and 200 mM) 
were significant at P < 0.01. Also, NaCl concentrations and cultivar-by-NaCl concentration 
interactions were significant at P < 0.01 (Table 1). 

 
Table 1. Membrane stability and its injury values of 20 bread wheat cultivars tested across three different NaCI 

concentrations. 

      NaCI Concentration 

   
0 mM 100 mM 200 mM 0 mM 100 mM 

200 
mM 

Cultivar Code Status† Membrane Stability (%) Membrane Injury (%) 

Dagdas-94 C1 Rain-fed 88.8 77.3 69.1 11.2 22.7 30.9 

Karahan-99 C2 Rain-fed 86.0 77.9 69.5 14.0 22.1 30.5 

Eraybey C3 Rain-fed 83.3 78.6 68.4 16.7 21.4 31.6 

Gerek-79 C4 Rain-fed 90.5 77.9 71.3 9.5 22.1 28.7 

Altay-2000 C5 Rain-fed 85.9 76.8 70.5 14.1 23.2 29.5 

Mesut C6 Rain-fed 84.8 77.1 69.4 15.2 22.9 30.6 

Mufitbey C7 Rain-fed 88.3 72.8 66.6 11.7 27.2 33.4 

Sonmez-01 C8 Rain-fed 87.9 80.4 65.7 12.1 19.6 34.3 

Bayraktar-2000 C9 Rain-fed 85.9 77.0 67.7 14.1 23.0 32.3 

Gun-91 C10 Rain-fed 84.8 78.6 67.5 15.2 21.4 32.5 

Konya-2002 C11 Irrigated 86.5 81.1 68.4 13.5 18.9 31.6 

Ahmetaga C12 Irrigated 83.0 79.0 66.9 17.0 21.0 33.1 

Ekiz C13 Irrigated 85.0 79.2 66.8 15.0 20.8 33.2 

Kinaci-97 C14 Irrigated 85.4 78.2 67.8 14.6 21.8 32.2 

Tosunbey C15 Irrigated 82.8 78.6 67.3 17.2 21.4 32.7 

Kenanbey C16 Irrigated 80.3 75.1 64.3 19.7 24.9 35.7 

Bezostaya-1 C17 Irrigated 78.6 74.2 64.0 21.4 25.8 36.0 

Yunus C18 Irrigated 83.6 77.9 66.1 16.4 22.1 33.9 

Soyer-02 C19 Irrigated 84.0 77.5 64.4 16.0 22.5 35.6 

Alpu-01 C20 Irrigated 83.5 77.3 64.6 16.5 22.7 35.4 

 Mean    84.8 77.6 67.3 15.1 22.4 32.7 
Membrane stability 
F Test for NaCI Concentration = **; F Test for Cultivar = **  
F Test for Cultivar-by-NaCI Concentration Interaction = ** 
LSD (0.05) for NaCI concentration = 5.1 (%); LSD (0.05) for Cultivar = 3.2 (%) 
LSD (0.05) for Cultivar-by-NaCI Concentration Interaction = 4.3 (%) 
Membrane injury 
F Test for NaCI Concentration = **; F Test for Cultivar = **  
F Test for Cultivar-by-NaCI Concentration Interaction = ** 
LSD (0.05) for NaCI concentration = 5.8 (%); LSD (0.05) for Cultivar = 3.7 (%) 
LSD (0.05) for Cultivar-by-NaCI Concentration Interaction = 3.9 (%) 

†Cultivars registered and recommended for rain-fed and irrigated areas of Central Anatolian Plateau of Turkey 
** Significant at 0.01 probability level. 

At vegetative stage, MS showed a wide range between cultivars (Table 1). It varied from 
78.6 % for C17 to 90.5 % for C4 at control (0 mM) and from 74.2 % for C17 to 81.1 % for 
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C11 at low salinity (100 mM) while it was from 64.0 % for C17 to 71.3 % for C4 at high 
salinity (200 mM).  When comparing cultivars with MS values at low and high  salinity levels 
(100 and 200 mM, respectively), it can be seen that C3, C8, C10, C11, C12, C13 and C15 had 
high MS values at low salinity (100 mM) whereas C1, C2, C3, C4, C5, C6  and C11 had high 
MS values at high salinity (200 mM). These results revealed that most of cultivars with high 
MS values were mutually exclusive for drought and salinity tolerance in nature (Table 1).           

Under the control treatment (0 mM) of salinity, different MI values between cultivars 
reflect electrolyte leakage ratio caused by nature, not inducing by salinity.  MI varied from 9.5 
% for C4 to 21.4 % for C17 at control treatment (Table 1). Cultivar rankings based on MI 
values at different salinity levels were almost the same as those of the MS. Thus, it can be 
concluded that cultivars with high MS values avoid electrolyte leakage induced by salinity. 

Salinity tolerance scores (STS) were estimated by means of cultivar MS and MI values 
(Table 2). For this purpose, cultivars were scored using a threshold, which was overall means 
of the cultivars for MS and MI, respectively, in order to group them into tolerance levels. 
STSs were ranged from 0 (S = Sensitive) to 6 (T = Tolerant). Of cultivars, 4 were tolerant (T) 
to salinity, two of which were also drought tolerant, viz. C2 and C4. Two of tolerant ones, 
which were C11 and C14, were adapted to irrigated areas of CAP, Turkey. Moderate tolerant 
(MT) cultivars were 8, consisting of 7 rain-fed and 1 irrigated ones. The rest of the cultivars 
were 8, including 4 moderate sensitive (MS) and 4 sensitive (S) ones. These results suggested 
that most of the rain-fed cultivars used in this study showed high or medium tolerance to 
NaCl concentrations applied. On the other hand, majority of irrigated cultivars was highly or 
moderately sensitive to salinity.              

Biplot method was used to examine the relationships between the cultivars and NaCl 
concentrations (Figure 1). Biplot’s first two PCs (principal components 1 and 2) accounted 
for 88% (PC1 = 66 % and PC2 = 22 %) of cultivar-by-NaCI concentration interactions. In 
order to visually interpret these interactions, the biplot was depicted by scores of PC 1 vs. PC 
2 (Figure 1). All salinity concentrations were grouped on the positive PC1 axis of the biplot, 
suggesting non-crossover interactions between cultivars with NaCl levels. Therefore, cultivar 
responses were changed in scale, not in rank, across salt concentrations. As a matter of fact, 
ANOVA also showed that cultivar-by-NaCl concentration interactions were statistically 
significant (Table 1).  

Twenty wheat cultivars exposed to gradient concentrations of NaCl have been visually 
distinguished by biplot regarding their response levels (Figure 1). Salinity tolerant (C2, C4, 
C11 and C14) or moderate tolerant (C1, C5, C6, C8, C9, C10 and C13, except C3) cultivars 
were grouped on the positive PC 1 axis, capturing 66 % of the interaction variation, whereas 
salinity sensitive (C16, C17, C19 and C20) or moderate sensitive (C12, C15 and C18, except 
C7) cultivars were grouped on the negative PC1 axis, accounting 22 % of the interaction 
variance. Accordingly, the biplot method showed that the positive side of PC1 was related 
with cultivar tolerance to salinity, while its negative side was with sensitivity.    

There are differences in tolerance to salinity between and/or within species (17). Of 
cultivated Triticeae, bread wheat (Triticum aestivum L.) is moderately tolerant to salinity, 
comparing with barley (Hordeum vulgare L.) and durum wheat (Triticum  durum L.) (18). 

Because of the complex nature of salinity tolerance, as well as the difficulties in 
maintaining long-term field experiments, trait-based selection criteria are recommended for 
screening techniques (19). Membrane stability (MS) or its injury (MI) is one of the salt-
specific traits, which can be used selection criterion in screening wheat genotypes under the 
salinity stress (20). MS or MI has been used to screen different wheat genotypes for stress 
tolerance. They measure electrolyte leakage resulting from stress induced cell membrane 
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permeability (21). In this study, it was observed that cultivars responded to salinity treatments 
by decreasing their MI or increasing MS levels. But some of them gradually maintained their 
MI or MS levels. For this reason, they were called highly or moderately tolerant to salinity. 
Several researchers used MS or MI as an indicator to identify heat, drought and salinity 
tolerant genotypes in wheat (10, 22, 23).   

 
Table 2. Tolerance levels of 20 bread wheat cultivars tested across three different NaCI concentrations. 
 

    NaCI Concentration   

  
0 mM 100 mM 200 mM 0 mM 100 mM 200 mM Total 

Toleranc
e 

Cultivar Code Membrane Stability (%) Membrane Injury (%) Score Level 

Dagdas-94 C1 +a - + + - + 4b MTc 

Karahan-99 C2 + + + + + + 6 T 

Eraybey C3 - + + - + + 4 MT 

Gerek-79 C4 + + + + + + 6 T 

Altay-2000 C5 + - + + - + 4 MT 

Mesut C6 + - + - - + 3 MT 

Mufitbey C7 + - - + - - 2 MS 

Sonmez-01 C8 + + - + + - 4 MT 

Bayraktar-2000 C9 + - + + - + 4 MT 

Gun-91 C10 - + + - + + 4 MT 

Konya-2002 C11 + + + + + + 6 T 

Ahmetaga C12 - + - - + - 2 MS 

Ekiz C13 + + - + + - 4 MT 

Kinaci-97 C14 + + + + + + 6 T 

Tosunbey C15 - + - - + - 2 MS 

Kenanbey C16 - - - - - - 0 S 

Bezostaya-1 C17 - - - - - - 0 S 

Yunus C18 - + - - + - 2 MS 

Soyer-02 C19 - - - - - - 0 S 

Alpu-01 C20 - - - - - - 0 S 
a + refers the membrane stability or injury (%) for a given cultivar if it is higher than the average membrane 
stability or injury (%), - refers the membrane stability or injury (%) for a given cultivar if it is lower than the 
average membrane stability or injury (%) 
b Sum of the number of high (+) membrane stability or injury (%) occurrence, excluding the number of the low 
(-) membrane stability or injury occurrence 
c T refers a salinity tolerant cultivar, receiving total score of 5 to 6; MT, moderate tolerant for  score of 3 to 4; 
MS, moderate sensitive for score 1 to 2; S, sensitive for score of 0.     

 
Majority of cultivars highly or moderately tolerant to salinity detected in this research 

were drought tolerant at the meantime. Accordingly, it suggested that considering genotypic 
variations for MI or MS values there exists a strong relationship between salinity and drought 
tolerances. According to (24), some wheat genotypes can be tolerant to both salt and drought 
stresses. This feature, evaluated primarily by physiological and yield parameters, can be 
ascribed to various mechanisms that synergistically contribute to reduce damage produced by 
salinity and that differentiate according to the stress levels. 
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Biplot method was used for assessing wheat cultivar responses to different NaCl salinity 
levels. It effectively distinguished cultivars highly or moderately tolerant to salinity from the 
highly or moderately sensitive ones. Therefore, it could be recommended that biplot method 
should be used for detecting genotypic variations for salt tolerance studies. 

 

 
 

Figure 1. Biplot analysis of  20 bread wheat cultivars tested across three different NaCI concentrations(C, T, 
MT, MS and Sstandfor cultivar code, tolerant, moderate tolerant, moderate sensitive and sensitive to salinity 

given in Table 2, respectively). 
 
 
4. Conclusions 

Under the different salinity treatments, significant genotypic variations for MS or MI 
were detected in twenty wheat cultivars. 8 of them, C1 (Dagdas-94), C3 (Eraybey), C5 
(Altay-2000), C6 (Mesut), C8 (Somez-01), C9 (Bayraktar-2000), C10 (Gun-91) and C13 
(Ekiz) were identified as moderately tolerant and C2 (Karahan-99), C4 (Gerek-79), C11 
(Konya-2002) and C14 (Kinaci-97) as highly tolerant ones. Most of the irrigated cultivars 
were identified as highly or moderately sensitive to salinity. This study showed that MS or MI 
can be used as a feasible selection criterion for both salinity and drought tolerances in wheat 
breeding programs.       
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