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ABSTRACT  
 

 An experiment was conducted to evaluate heat tolerance of wheat through physiological approaches. Six 

wheat cultivars Misr1, Sids12, Misr2, Giza168, sakha93 and Gemmeiza9 were used as study material.Based on 

membrane thermostability (MTS) test, cultivar which showed equal or greater than 50% membrane injury was: 

Misr1, Sids12, Misr2 and Giza168 were considered as heat sensitive (HS) cultivar. The other two wheat cultivar 

Sakha93 and Gemmeiza9 showed less than 50% membrane injury in membrane thermostability test and were 

grouped as heat tolerant (HT) cultivars. The relative value proline content higher amount was found in HT 

cultivar compared to that in HS cultivar expected cultivar Giza168 which was observed as HS cultivar but 

showed high relative value proline content. The seedling proline content at 35
o
 C and membrane injury (%) 

maintained a significant negative correlation (r = - 0.818
**

) across the six Egyptian wheat cultivars, indicating 

that  wheat cultivars with high proline level at 35
o
 C tended to show greater thermotolerance. 
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Introduction 

 

 Wheat is a common source of energy and proteins for the world population. It is the second main source of 

world’s food energy and nutrition. Wheat provides 21% of food calories and 20% of protein to more than 4.5 

billion people worldwide(Braun et al., 2010). Approximately 17–20% of global wheat production is used for 

feeding animals and poultry. Although wheat is not the main feed ingredient worldwide, an increase in the 

livestock population requires an increase in the production of feed grain (FAO, 2009). Wheat grain is a staple 

food has special gluten proteins that made it possible to make flour for leavened, flat and steamed breads, 

biscuits, cookies, cakes, breakfast cereal, pasta, noodles, couscous (Cauvainet al., 2003)and for fermentation to 

make beer(Palmer and John 2001), other alcoholic beveragesor biofuel (Neill and Richard. 2002). 

 Wheat is viewed as a strategic commodity and considered a main ingredient in the Egyptian diet; it is 

mainly consumed in the form of bread Because, It is still the cheapest food. Consumption of wheat is increasing 

as a result of the annual population increase approaches 2.0 million/year.  

 Egypt continues to have one of the highest wheat per capita consumption levels in the world. Gaseous 

emissions due to human activities are substantially adding to the existing concentrations of greenhouse gases 

Emission of greenhouse gases (GHG) such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 

from agricultural systems is one of the major sources contributing to this global increase of temperature 

(Maraseniet al. 2009; Smith &Olesen 2010). Studies have shown that the annual mean maximum and minimum 

temperatures have increased by 0·35 and 1·13 °C, respectively, for the period 1979–2003 at the International 

Rice Research Institute, Manila, Philippines (Penget al. 2004).  The optimum temperature of wheat is 15-18
o 

C 

(Choudhury and Wardlaw, 1978) but it grown in this region is exposed to chronic heat stress during certain 

physiological stages of crop growth. Globally, about seven million hectares of wheat is affected by heat stress 

throughout the life cycle and 40% crop faces terminal heat stress (Ruwali and Bhawsar, 1998). 

 Heat stress due to high ambient temperatures is a serious threat to crop production worldwide (Hall, 

2001).Direct injuries due to high temperatures include protein denaturation and aggregation, and increased 

fluidity of membrane lipids. Indirect or slower heat injuries include inactivation of enzymes in chloroplast and 

mitochondria, inhibition of protein synthesis, protein degradation and loss of membrane integrity (Howarth, 

2005).Identification of wheat varieties suitable for heat stress condition would be an important step for 

achieving high yield potential of wheat. The heat tolerance of wheat can be determined through empirical (yield 

performance) and /or analytical (physiological trait) methods. Different physiological traits such as membrane 

thermostability (Saadallaet al., 1990; Shanahan et al., 1990; Renoldset al., 1994) proline content(Hasanet al., 

2007) have been associated with performance of irrigated wheat under high temperature level which could also 

be used as selection criteria to identify heat tolerant cultivar.Initial effects of heat stress, however, are on 

plasmalemma, which shows more fluidity of lipid bilayer under stress. MTS has been widely accepted as a 

suitable technique for estimating the cellular thermotolerance of plants (Kuoet al., 1992).  
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 MTS has a positive correlation with yield performance. Membrane stability at high temperature is 

determined by conductivity of electrolyte leakage from leaves membrane stability (Saadallaet al., 1990a). Cell 

membrane thermostability (CMT) method on flag leaves in field grown plants resulted in thermo tolerant lines 

which results in significant increase of yield of spring wheat. It is a quick tool of screening against heat stress 

(Shanahan et al., 1990).Various wheat genotypes varied in their response to temperature stress (Saadallaet al., 

1990b; Porter et al., 1995). Efeoglu and Terzioglu (2007) reported that high temperatures at seedling growth 

decreased MTS in wheat. 

 Proline is an amino acid and compatible solute commonly accumulates in many plants exposed to various 

stress conditions such as water (Barnett and Naylor 1966, Blum and Ebercon 1976), salinity (Stewart and Lee 

1974, Treichel 1975), air pollution (Godzic and Linskens 1974) and unfavorable temperature (Chu et al., 1974, 

1978).Under stresss condition, proline is synthesized from glutamate due to loss of feedback regulation in the 

proline biosynthetic pathway (Boggess and Stewart 1980). Rapid catabolism of proline upon relief of stress may 

provide reducing equivalents that support mitochondrial oxidative phosphorylation and the generation of ATP 

for recovery from stress and repair of stress induced damage (Hare and Cress 1997). 

 

Materials and Methods 
 

 The experiment was conducted at Biotechnology Laboratory, Saba-bashaAgriculture Faculty,Alexandria 

University during October to November, 2013. Six wheat cultivar including most of the popular varieties, 

collected from wheat Research Centre at Cairo, Egypt were used for the present study. 

 Seeds of six wheat cultivar“Misr1, Sids12, Misr2, Giza168, Sakha93and Gemmeiza9” were germinated in 

plastic plats (18 cmdiameter) filled with soil and allowed to grow with 16 hrs., photoperiod, a light intensity of 

200 μE/m2/s, relative humidity of 90 ± 1 (%) and at about 25
o
 C for eight daysof the six plats of seedlings (three 

replications) for each cultivar three were allowed to grow in the same condition for another 48 hrs for 

determination of seedling measuring membrane injury (%) cell, proline content and chlorophyll content under 

normal condition. Another three sets of seedlings were exposed to high temperature stress at 35
o
 C for 48 hrs. 

The seedlings were then used also for determination of seedling measuring membrane injury (%) cell and 

proline content. 

 

Measuring seedlings membrane thermostabilitytest: 

 

 Procedure used for measuring membrane injury to high temperature was the same as described by Blum and 

Ebercon (1981).Flag leaf samples were collected at anthesis from five randomly selected plants of each heat 

treatment, cultivar and replication. Two leaf discs (10 mm in diameter) were collected from a flag leaf. The leaf 

discs were washed three times with deionized water to remove electrolytes adhering to leaf tissue, as well as 

electrolytes released from cut cells on the periphery of leaf discs. The test tubes (25 mm x 150 mm) were also 

rinsed with deionized water. Then ten leaf discs from five flag leaves were placed in a test tube and a piece of 

cotton was put on the leaf discs inside the test tube to prevent any injury of the discs by the electrode bar during 

conductance measurement.  

 There after 20 mL of deionized water was added to each tube. Both control and heat treated samples were 

kept for 18 h in a refrigerator at 10°C after treatment period. Conductivity readings were taken at both treatment 

25°C and 35°C using an electrical conductivity meter for control (C1) and heat treated (T1) tubes. The samples 

were then boiled for 1 h. A second conductivity reading of the aqueous phase (T2 and C2) was taken after the 

samples were cooled. Leaf membrane thermal stability was estimatedusing equations:  

Relative Injury, RI (%) = 100-{[1-(T1/T2)]/ [1- (C1/C2)] x100} 

 Where C and T refer to electrical conductivity of control and heat treated samples, and the subscript 1 and 2 

refer to electric conductivity readings before and after boiling, respectively. The data were analyzed in 

completely randomized design and the means were separated by L.S.D. at 0.05level.  

 

Measuring seedlings Proline content test: 

 

 Leaf segments (0.5 g) from each replication of each cultivar were taken for proline estimation. 

Subsequently proline was estimated following (Bates et al.,1973). At first ninhydrin reagent was prepared and 

utilized for proline estimation within 2 h of preparation keeping it in a refrigerator in a brown bottle. For 

preparing the ninhydrin reagent, addition of 30 mL glacial acetic acid and 30 mL 6 M orthophosphoric acid was 

mixed with 1.25 g of ninhydrin. It was subsequently heated and stirred gently to dissolve but the temperature 

was not allowed to exceed 70 °C. Proline standards were prepared for 0,2, 4,6,8,10,12,14,16,18, and 20 mg/litre 

with distilled water. The fresh samples were crushed in mortar and pestle and the material was homogenized in 

10 mL 3% sulphosalicylic acid until no large segments of plant material remained. Homogenate was filtered 

through Whatman No. 2 filter paper and washed with 3% sulphosalicylic acid and the volume was set to 25 mL. 



188 
Middle East J. Agric. Res., 3(2): 186-193, 2014 

 

Two mL of the filtrate and each standard proline solution were then reacted with 2 mL of ninhydrin reagent and 

2 mL of glacial acetic acid in a test tube, boiled for Ih at 100°C in a water bath covering the tube with 

aluminium foil to prevent excess evaporation. 

 Subsequently, it was cooled in an ice bath and 4 mL of toluene was added to each tube using a dispensor. 

Each tube was then shaken vigorously for 15 to 20 s in an electrical shaker and the layer was allowed to separate 

for 30 min. The absorbance of the layer was measured using a spectrophotometer at 520 nm with pure toluene as 

a blank.The proline content was determined from a standard curve and calculated on a fresh weight basis as 

follows: μmoles proline/g of fresh plant material = {(μg proline/ml × ml toluene)/115.5 μg/μmoles}/ (g 

sample/5).  

 

Results and Discussion 

 

Responses for membrane thermostabilityin Wheat Cultivars: 

 

 In the present study Membrane injury was measured for high temperature tolerance through MTS test in six 

Egyptian wheat cultivar is shown in (Fig. 1). Results showed that the highest membrane injury was observed in 

cultivar Misr1 which was closely followed by cultivars sids12 and Misr2, (82.85, 77.91, 75.246) respectively.  

 These results were in agreement with (Behl, 1993) that showed heat damage to plasma membrane destroys 

membrane integrity causing solute leakage from the cells. The extent of damage may be estimated by 

conductometric measurement of electrolyte leakage of solute from leaf tissue after a heat shock. The EC is 

proportional to cell damage. Thus, a heat tolerant genotype shows less EC after heat shock. Also, (Efeoglu and 

Terzioglu 2007) indicated that high temperatures at seedling growth decreased MTS in wheat. On the other hand 

cultivar Giza168 showedmoderatevalueof membrane injury which revealed (52.57).  

 The lowest membrane injury value was observed in cultivarGemmiza9 and cultivar Sakha93, (45.93, 48.63) 

respectively, (Table, 1). This results were in agreement with (Renuet al., 2004) who showed that heat tolerance 

with respect to cell injury (%) revealed that the genotypes with less injury to plasma membranes are tolerant as 

compared to the genotypes with more injury to cell membrane. MISR1, Sids12, Misr2 and Giza168 were 

considered as heat sensitive (HS) cultivar. The other two wheat cultivar Sakha93 and Gemmiza9 showed less 

than 50% MI test and were grouped as heat tolerant (HT) cultivar. 

 These results were in accordance with (Ahmed JU and Hasan MA 2011) who stated that wheat cultivar 

which showed equal or greater than 50% membrane injury were considered as heat sensitive (HS) genotypes 

and cultivars showed less than 50% MI in membrane thermostability test were grouped as heat tolerant (HT) 

genotypes.  

 

 
Fig. 1: Membrane injury to high temperature of ten days old seedling of six wheat cultivars measured. Values 

followed by the different letter(s) are significantly different from each other by L.S.D. at   0.05. 
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Table 1: Effect of heat stress treatment on Relative injury at Seedling (%) of six   wheat cultivars, Mean (± SE). 

Relative injury (%) Cultivar   [A] 

Calibrated y At 35 ̊ c At 25 ̊ c  

82.85a 86.12 ±0.956 14.69 ±0.434 Misr1 

77.91b 72.88 ±1.310 16.09 ±0.390 Sids12 

75.246b 74.71 ±0.921 15.64 ±0.228 Misr2 

52.57c 32.96 ±0.826 17.82 ±0.422 Giza168 

48.63cd 33.03 ±0.642 15.65 ±0.911 Sakha93 

45.93d 35.93 ±0.428 18.45 ±0.217 Gemmeiza9 

63.85 55.938a 16.39b Total mean 

4.49   L.S.D.0.05 

Values, marked with the same alphabetical letters, within comparable of    means, do not differ significantly, using L.S.D. at   0.05 level of 

probability. *** = Highly significant at 0.05 level of probability. 

 

Responses for Proline content in Wheat Cultivars: 

 

 In the present study Proline content of ten days seedlings was influenced significantly by the interaction 

effect of temperature regimes and Egyptian wheat cultivars. Results showed that Seedling proline content at 

35
o
C was higher compared to those at 25

o
 C (figure 2). The increments of seedling proline content from 25 to 

35
o
 C were significant for all wheat cultivar (Table 2), this result was in agreement with(Rondeet al., 2001) 

showed that Proline accumulation in high temperature has been reported in cotton leaves.Under supra-optimal 

temperature genotypic difference in proline accumulation pattern hasalso been reported in six cotton cultivars 

(Rondeet al. 2001)and in apple (Park et al., 2001)and in flag leaves of wheat (Hasanet al., 2007).The highest 

mean seedlings proline content was observed cultivar Gemmeiza9 which was closely followed by 

cultivarsGiza168, (1.824, 1.747) respectively.  

 The lowest mean value was observed in Misr2 (0.833).The increment of proline level from 25 to 35
o
 C is 

indicated by the relative value. At 35
o
 C Giza 168, Sakha 93 and Gemmeiza 9 cultivars produced more than 

double (> 200%) proline than that at 25
o
 C. The highest relative value was observed in cultivar sakha 93, (246). 

 On the other hand, Misr 1, Sids 12 and Misr 2 cultivars produced less than double (< 200%) proline at 35
o
 

C compared to that at 25
o
C (Fig. 2).This result was supported byAhmed and Hasan (2011) who mentioned that 

the increment of proline level from 25 to 35
o
 C in different wheat genotypes is indicated by the relative value. 

At 35
o
 C the HT genotypes produced more than double (> 200%) proline than that at 25

o
C. On the other hand, 

the HS produced less than double (< 200%) proline at 35
o
 C compared to that at 25

o
C.  

 

 
 

Fig. 2: Average seedling proline content (μmoles/g fresh weight) at two temperature regimes for six Egyptian 

wheat varieties. 
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Table 2: Effect of two temperatureregimes on Seedling Proline content (μmoles /g fresh weight) for six wheat cultivars. Mean (± SE). 

Significance [A] Seedling Proline content (μmoles /g fresh weight) cultivar  [A] 

[AxB] [B] [A] Mean Relative to 25oC 
(%) 

At 35o C At 25o C  

   1.319c 134 1.512d ± 0.036 1.126g±0.058 Misr 1 

   1.111d 130 1.26e ± 0.014 0.966j ± 0.012 Sids 12 

   0.833e 199 1.111h± 0.061 0.556l± 0.019 Misr 2 

** ** ** 1.747b 221 2.406c ± 0.009 1.088i ± 0.053 Giza 168 

   1.113d 246 1.58c ± 0.065 0.642k ± 0.018 Sakha93 

   1.824a 216 2.492a ± 0.037 1.156f ± 0.024 Gemmeiza9 

     1.72a 0.95b Total mean 

0.102 0.029 0.051     L.S.D.0.05 

Values, marked with the same alphabetical letters, within comparable of    means, do not differ significantly, using L.S.D. at   0.05 level of 
probability. *** = Highly significant at 0.05 level of probability. 

 
 

Fig. 3: Average seedling proline content (μmoles/g fresh weight) of heat tolerant and heat sensitive wheat 

varieties as influenced by temperature regimes. 

 

Correlation and regression analysis: 

 

 The association between proline content in seedling at 25
o
 C and percent membrane injury was insignificant 

(r = - 0.486
NS

) (Fig. 4).On the other hand, the seedling proline content at 35
o
 C and membrane injury (%) 

maintained a significant negative correlation (r = - 0.818
**

) across the six Egyptian wheat cultivar, indicating 

that wheat cultivars with high proline level tended to show greater thermotolerance(Fig.5). The higher amount 

of relative value proline content was found in all HT cultivars compared to that in HS cultivars expected cultivar 

Giza168 which showed high relative value of proline content (221). This results were as, Ahmed and Hasan 

(2011)who indicated that, the increased seedling proline level due to high temperature can be used to screen HT 

wheat genotypes, which is comparable to cell membrane thermostability test. 

 The overall results of the present study indicated that Gemmeiza 9 and Sakha 93 were the highest 

thermotolelarnce among the six Egyptian cultivars studied by both membrane thermostability test (MTS) and 

Measuring Proline content test. 
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Fig. 4: Relationship (r = - 0.486

NS
) between membrane injury (%) to high temperature and proline content of 

seedling at 25
o
 C in 6 wheat cultivars. 

 

 
 

Fig. 5: Relationship (r = -0.818
**

) between membrane injury (%) to high temperature and proline content of 

seedling at 35
o
 C in 6 Egyptian wheat cultivars. 

 

Conclusion: 

 

 The overall results of the present study indicated that heat tolerance of different wheat cultivars expressed 

as membrane injury (%) was found to be well associated with heat tolerance in term of proline content. 

Seedlings of cultivars Gimiza 9 and Sakha 93 were the highest thermotolerance among the six Egyptian wheat 

cultivars studied by both membrane thermostability test (MTS) and Measuring Proline content test. 
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