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Effect of high temperature stress on physiological 

attributes and anti-oxidative defense mechanism 

in wheat (Triticum aestivum L.) 
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Abstract 

Experiment was conducted to study the effect of heat stress on various parameters in five diverse wheat 

(Triticum aestivum L.) genotypes at seedling stage. Seeds were sown in plastic pots in laboratory at 25±2 

°C. For heat treatment, 20 days old seedlings were exposed to 36 °C/42 °C for 6 hours. Results showed 

that the heat stress significantly reduced the dry weight and length of seedlings in all the genotypes. 

Chlorophyll content and membrane stability index decreased but proline content increased in all the 

genotypes under stress conditions. Among genotypes, Raj 4083 exhibited better heat tolerance, 

particularly at 42 °C. Activities of SOD, CAT, APX and POX increased significantly in all the genotypes 

but per cent enhancement was maximum in Raj 4083 and minimum in PBW 502. The study also provides 

evidence that antioxidant enzymes like SOD, CAT, GPX, APX have association with heat tolerance in 

wheat and thus can be used as efficient markers for heat tolerance at seedling stage. 
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Introduction 

High temperature is a major constraint for wheat growth and development, decreasing yield by 

3 to 5 per cent per 1 °C rise in temperature (Gibson and Paulsen 1999) [10]. According to a 

report of intergovernmental panel on climate change (IPCC), global mean temperature is rising 

at 0.3 °C per decade reaching to approx 1 and 3 °C above the present value by 2025 and 2100 

respectively and thus leading to global warming (Jones et al. 1999) [15]. Plant responses to high 

temperatures are mediated by both their inherent ability to survive (basal tolerance) and their 

ability to acquire tolerance to otherwise lethal temperatures (acclimation). These two 

mechanisms in cereals are due to the activation of different genetic systems (Maestri et al. 

2002) [17]. Direct injuries due to high temperature include protein denaturation, 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 (Kushwaha et al. 2011) [16]. 

Heat stress induces significant changes in normal physiological processes like photosynthesis, 

membrane stability and stomatal responses (Gupta et al. 2013) [13]. A significant decrease in 

chlorophyll content due to high temperature has been observed in wheat (Almeselmani et al. 

2006) [1]. Deshmukh et al. (1991) [7] suggested the use of ion leakage as an index for screening 

genotypes against heat and drought stress in wheat. Heat stress also induces oxidative stress in 

plants caused by the generation and the accumulation of super-oxides (O2
-), hydrogen peroxide 

(H2O2) and hydroxyl radicals (OH-), which are commonly known as reactive oxygen species 

(ROS) (Breusegem et al. 2001) [4]. Plants get rid of these harmful ROS products by converting 

them to less reactive chemicals by SOD (Superoxide dimutase) which free O2
- radicals to 

H2O2 and O2. Catalase (CAT), ascorbate peroxidase (APX) and non- specific peroxidase 

(POX), in turn, scavenge the higher level of H2O2 to non- toxic levels by catabolising it to 

water and oxygen (Mittler 2002) [18]. 

Thus, the aim of present investigation was to characterize various morpho-physio-biochemical 

approaches in wheat genotypes for their ability to acquire thermo-tolerance in contrasting 

wheat genotypes. 
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Materials and methods 

Crop and experimental conditions 

The experiment was conducted in two steps. In first step five 

wheat genotypes i.e. Raj 4083, Raj 1482, Raj 3765, Lok 1 and 

PBW 502 were grown in small plastic pots filled with 80g 

vermiculite potting material supplemented with Hoagland 

solution. Thirty pots of each genotype were taken for study 

and each pot was irrigated with 30 ml normal water at 

alternative day. The experiment was maintained at 25±2 °C 

temperature, 16/8 day night temperature and 60-70% relative 

humidity. After 20 days of sowing, the pots were divided into 

3 groups as – (i) 1/3 pots were kept at normal room 

temperature (absolute control), (ii) 1/3 pots were kept in 

growth chamber at 36 °C for 6 hs (heat treatment – I) and (iii) 

1/3 pots were kept in growth chamber at 42 °C for 6 h (heat 

treatment –II). Observations on various parameters were taken 

after 5 days of treatment. 

 

Growth and physiological parameters 
Chlorophyll content was measured by incubating 50 mg of the 

leaf material in 10 ml of dimethyl sulphoxide for 4 h at 65 C. 

The absorbance of the solvent was recorded at 663 and 645 

nm (Hiscox and Isrealstom 1968) [14]. The free proline in 

leaves was extracted in 3% sulphosalicylic acid and 

determined using the method of Bates et al. (1973) [2]. 

Membrane injury index was determined by recording the 

electrical conductivity of leaf leachates in double distilled 

water at 40 and 100ºC (Sairam et al. 2000) [21]. Leaf samples 

(0.1 g) were cut into discs of uniform size and taken in test 

tubes containing 10 ml of double distilled water in two sets. 

One set was kept at 40 C for 30 min and another set at 100 

C in boiling water bath for 15 min and their respective 

electric conductivities C1 and C2 were measured by 

conductivity meter. The membrane stability was calculated 

MSI = [1-{C1/ C2}] x100. For growth parameters, the 

seedlings were rinsed thoroughly with distilled water and the 

root length was measured from base to the junction. Similarly, 

the shoot length was measured from tip to the junction of the 

same plant. The shoot and root were kept separately in oven at 

65 °C till constant weight achieved and then dry weight was 

recorded. 

 

Antioxidants 

Superoxide dismutase (SOD; EC1.15.1.1) activity was 

analyzed by homogenizing 0.5 g leaf tissue in 10 cm3 chilled 

0.1 M potassium phosphate buffer (pH 7.5) containing 0.5 

mM EDTA (Dhindhsa et al. 1981) [9]. The buffer was filtered 

through cheese cloth and the filtrate was centrifuged in a 

refrigerated centrifuge (IEC) for 15 minutes at 20,000 x g. 

The 3.0 cm3 reaction mixture contained 13 mm methionine; 

25 mM nitroblue tetrazolium chloride (NBT), 0.1 mM EDTA, 

50 mM phosphate buffer pH (7.8), 50 mM sodium 

bicarbonate and 0.1 cm3 enzyme extract. The reaction was 

started by adding 2µm riboflavin and placing the tubes below 

2x15.00 W fluorescent lamp for 15 min. It was stopped by 

switching off the light and covering the tubes with black 

cloth. Tubes without enzyme develops maximum colour. A 

non- irradiated complete reaction mixture did not develop 

colour and served as blank. Absorbance was recorded at 560 

nm and one unit of enzyme activity was taken as that quantity 

of enzyme, which reduced the absorbance reading to 50 

percent in comparison with the tubes lacking enzymes. The 

enzyme extract for catalase (CAT; EC 1.11.1.6) and guaiacol 

peroxidase (GPX; EC1.11.1.7) were prepared by grinding 0.5 

g fresh leaves in ice-cold 50 mM potassium phosphate buffer 

(pH 7.0) containing 0.1 mM ethylene diamine tetra acetic acid 

(EDTA) and 1% polyvinyl polypyrrolidone (PVP). The 

homogenate was filtered through four layers of cheese cloth 

and then centrifuged at 4 °C for 20 min at 15,000g. The 

supernatant was collected and 2 µl aliquot dilution of the 

crude extract was used for enzyme assays (Chance & Maehly 

1955) [6]. The ascorbate peroxidase (APX; EC 1.11.1.11) was 

measured following the method of Nakano and Asada (1981) 

[19] by monitoring the rate of ascorbate oxidation at 290 nm. 

The reaction mixture contained 25 mM phosphate buffer (pH 

7.0), 0.1 mM EDTA, 100 mM H2O2, 0.25 mM ascorbate 

(AsA), and the enzyme extract in a final volume of 1 mL. 

Total soluble protein content was determined according to the 

method of Bradford (1976) [3] with bovine serum albumin as a 

calibration standard. 

 

Experimental design and data analysis 

All experimental data recorded were averaged for at least 

three independent assays with three replicates each. The data 

were subjected to ANOVA for completely randomized 

factorial design. Differences at P≤0.05 were considered 

statistically significant (Gomez and Gomez 1984) [11]. 

 

Results and Discussion 

Genotypic variation for seedling dry weight was observed at 

high temperature. Per cent reduction in seedling dry weight 

was maximum in PBW 502 at 36 °C (9.22%) and at 42 °C 

(11.26%). It was minimum in Raj 4083 under both the 

treatments (2.65% at 36 °C and 4.97% at 42 °C). The shoot 

length was also reduced but the effect was more pronounced 

at 42 °C treatment. Among genotypes, Raj 1482 (22.7 cm) and 

Raj 4083 (22.3 cm) exhibited better shoot length over other 

genotypes (Table 2). There was significant reduction in root 

length of all the genotypes under high temperature conditions. 

In all the cases, the per cent decline was higher from 25 °C to 

36 °C than from 36 °C to 42 °C. Genetic variability in the 

reduction of seedling dry weight in wheat genotypes under 

heat stress indicates the existence of tolerance at early 

seedling stage in some genotypes. Wahid (2007) [23] reported 

that high temperature caused significant declines in shoot dry 

mass, relative growth rate and net assimilation rate in maize, 

pearl millet and wheat. Goyal and Asthir (2010) [12] suggested 

that some of the wheat genotypes have the potential to adjust 

with high temperature conditions by managing their internal 

plant processes. In our previous studies also, we observed 

significant variations in growth parameters of high 

temperature treated wheat seedlings (Gupta et al. 2013) [13]. 

Shoot length and root length also reduced significantly in all 

the genotypes. Raj 4083 exhibited maximum seedling length 

in temperature treated plants. It was also noted that the 

genotypes exhibiting higher root length generally maintained 

high shoot weight after treating with high temperature (Table 

1). It indicates that root length may be one of the important 

parameters to help the plant in adjusting under heat stress 

conditions. 

The chlorophyll content of wheat leaves also reduced 

significantly on account of heat stress. The control plants of 

Raj 3765 exhibited maximum chlorophyll content (2.0 mg g-1 

fr. wt.) but under heat stress the values were maximum in Raj 

4083 (1.42 and 1.11 mg g-1 fr. Wt. at 36 °C and 42 °C, 

respectively). The chlorophyll content was minimum in heat 

treated leaves of PBW 502 (Table 2). The chlorophyll 

pigments are important to plants mainly for harvesting light 

and production of reducing powers. In chloroplast, the 

chlorophyll is harboured by thyllakoids, a portion of which is 

http://www.chemijournal.com/
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associated with the proteins of PS II. These thyllakoids in PS 

II are considered the most heat labile cell structures (Vacha et 

al. 2007) [22]. Any damage to thyllakoids caused by heat could 

therefore be expected to lead to chlorophyll loss. In our 

investigation also, the heat stress might have damaged the 

thyllakoid membrane which reduced chlorophyll content in 

stress treated plants. A critical analysis of this data indicate 

that wheat genotype Raj 4083 retained high chlorophyll 

content, the effect was reflected on dry mass and length of 

seedlings. Gupta et al. (2013) [13] reported that chlorophyll 

content is directly linked with heat susceptibility of wheat 

genotypes and tolerant genotypes exhibited higher amount of 

chlorophyll after exposing to high temperature. 

Proline serves as a membrane protectant and accumulates in 

cell cytoplasm under stress conditions without interfering 

with cellular structure or metabolism (Chakroborty and 

Tangden 2005) [5]. In present investigation proline content 

ranged from 7.2 mg g-1fr. Wt. (Raj 1482) to 8.8 mg g-1fr. Wt. 

(PBW 502) in control plants. In heat treated plants, it was 

minimum in Raj 1482 (9.7 mg g-1fr. Wt.) and maximum in 

Raj 4083 (12.9 mg g-1 fr. Wt.) at 36 °C) whereas at 42 °C it 

was maximum in Raj 4083 (15.9 mg g-1fr. Wt.) and minimum 

in Raj 1482 (10.5 mg g-1fr. Wt.). Thus, enhanced proline 

might have helped Raj 4083 in combating the high 

temperature stress more efficiently than in other genotypes 

(Table 2). 

The high temperature conditions disrupt water, ion and 

organic solutes movement across the plant membrane which 

interferes with photosynthesis and transpiration. This damage 

to membranes may be assessed by membrane thermo stability 

which measures electrolyte leakage from the leaves subjected 

to high temperature (Sairam et al. 2007) [20]. Our results 

indicate an abrupt decline in membrane stability index at 42 
°C, particularly in Lok 1(33.40) and PBW 502 (34.60). 

Comparatively high membrane stability in Raj 4083 under 

stress conditions further indicates the presence of tolerance 

mechanism in this genotype (Table 2). Lower membrane 

stability reflects the extent of lipid peroxidation which in turn 

is a consequence of higher oxidative stress due to various 

environmental stresses (Sairam et al. 2000) [21]. However, it is 

important to evaluate the level of anti-oxidants and lipid 

peroxidation before supporting this hypothesis. 

High temperature or other abiotic stresses are accompanied by 

the formation of reactive oxygen species such as O2, H2O2 and 

OH- which damage membranes and macromolecules (Mittler 

2002) [18]. In present investigation, the activity of SOD was 

enhanced in all the genotypes but per cent increase were 

maximum in Raj 1482, Raj 4083 and Raj 3765 (Fig 1). The 

catalase activity ranged from 0.90 - 1.62 units mg-1 protein 

min-1 (PBW 502 - Raj 4083) in control plants. The CAT 

activity varied from 1.28 (PBW 502) to 1.87 (Raj 4083) and 

1.42 (PBW 502) to 1.97 (Raj 3765) units mg-1 protein min-1 

when exposed to 36 °C and 42 °C, respectively (Fig 1). 

Perusal of data indicates that the per cent enhancement in 

CAT activity was higher in PBW 502 and Lok 1 over other 

genotypes, but there overall levels were always lower in these 

genotypes, indicating lack of inherent tolerance to high 

temperature. Recently Devi et al. (2011) [8] also provided 

evidence that catalase are very efficient tool for removal and 

control of hydrogen peroxide level in plants. The POX 

activity was minimum in PBW 502 (259.85 µmol mg-1 

(protein) min-1) and maximum in Raj 4083 (429.33 µmol mg-

1(protein) min-1) in control plants (Fig 1). The heat stress 

treatment invariably enhanced the POX activity in all the 

genotypes. At 36 °C it ranged from 307 (PBW 502) to 544.07 

(RAJ 4083) µmol mg-1 (protein) min-1. At 42 °C, it varied 

from 373.33 to 628 µmol mg-1 (protein) min -1 (Lok 1 - RAJ 

4083). The APX activity also increased in all the genotypes 

under heat stress conditions. It was minimum in Lok 1 

(197.14 µmol mg-1 (protein) min -1) and maximum in Raj 

4083 (386.00 µmol mg-1 (protein) min-1) under control 

conditions. At 36 °C as well as at 42 °C treatments, maximum 

APX activities were registered in Raj 4083 (534 µmol mg-1 

(protein) min-1) (Fig 1). These results further reflected Raj 

4083, Raj 3765 and Raj 1482 as temperature tolerant and 

PBW 502 as susceptible. Catalase and peroxidises are the 

most important enzymes involved in regulation of 

intracellular level of H2O2. They convert H2O2 into H2O along 

with the regeneration of NADP+, thus helping the plants 

under stress conditions (Sairam et al. 2007) [20]. Variability in 

the activities of these antioxidant enzymes across wheat 

genotypes indicates their differential ability to acquire thermo 

tolerance. 

In conclusion, using a multi parametric approach, Raj 4083 

was identified as heat tolerant and PBW 502 as heat 

susceptible wheat genotypes. It is suggested that seedling dry 

mass, chlorophyll content, electrolyte leakage and proline 

content can be used efficiently for assessing heat tolerance at 

early seedling stage. Enzymes like SOD, CAT, GPX, APX 

association with heat tolerance in wheat and thus can be used 

as efficient markers for germplasm screening. 

 
Table 1: Effect of heat stress on seedling dry weight shoot length and root length in wheat seedlings under heat stress conditions 

 

Genotype Seedling dry weight (mg plant-1) Shoot length (cm) Root length (cm) 

 25 °C 36 °C 42 °C 25 °C 36 °C 42 °C 25 °C 36 °C 42 °C 

Raj 4083 90.5±3.2 88.1±3.4 86.0±4.2 27.8±2.4 24.8±2.1 22.3±1.9 30.0±2.3 27.8±1.8 27.5±2.2 

Raj 3765 94.3±4.1 87.8±4.6 82.4±3.4 22.4±1.8 21.2±1.6 17.9±1.4 29.9±1.9 27.0±2.4 26.7±2.2 

Raj 1482 91.8±2.9 88.2±4.2 83.1±4.5 29.7±2.7 25.8±2.2 22.7±1.7 32.2±2.7 27.8±2.3 27.0±2.6 

LOK 1 84.6±3.5 83.1±3.1 75.8±3.9 23.2±1.9 20.3±1.7 20.2±1.6 28.7±2.1 25.7±2.5 25.3±1.8 

PBW502 83.5±3.7 75.8±3.4 74.1±3.5 23.0±2.3 20.8±1.8 18.1±1.6 31.5±2.4 27.0±2.1 25.8±2.1 

LSD (p≤0.05) 

Variety (V) 2.95 1.74 1.99 

Temp. (T) 2.28 1.34 1.54 

V x T 5.11 3.01 3.45 
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Table 2: Effect of heat stress on proline content, chlorophyll content and membrane stability index in wheat seedlings under heat stress 

conditions. 
 

Genotype Proline content (mg g-1 fr. wt.) Chlorophyll content (mg g-1 fr. wt.) Membrane stability index 

 25 °C 36 °C 42 °C 25 °C 36 °C 42 °C 25 °C 36 °C 42 °C 

Raj 4083 8.0±0.74 12.9±1.1 15.9±1.5 1.89±0.54 1.42±0.39 1.11±0.21 73.0±4.6 61.3±3.5 46.7±3.9 

Raj 3765 7.7±0.69 10.4±1.3 12.8±1.4 2.00±0.68 1.28±0.32 0.98±0.18 74.7±3.9 59.1±3.9 43.7±4.2 

Raj 1482 7.2±0.71 9.7±1.2 10.5±1.6 1.78±0.56 1.07±0.29 0.82±0.18 81.4±5.2 65.0±4.2 41.1±3.2 

LOK 1 8.2±0.81 10.2±1.6 11.8±1.2 1.94±0.61 1.09±0.36 1.01±0.22 77.4±4.8 62.1±4.7 33.4±3.2 

PBW502 8.8±0.72 9.8±1.1 10.8±1.3 1.67±0.45 1.15±0.32 0.87±0.21 80.7±4.3 56.8±3.9 34.6±3.4 

LSD (p≤0.05) 

Variety (V) 0.78 0.06 3.12 

Temp. (T) 0.60 0.05 2.42 

V x T 1.35 0.11 5.41 

 

 
 

Fig 1: Effect of heat stress on superoxide dismutase (A), catalase (B), ascorbate peroxidase (C) and guiacol peroxidase (D) in wheat seedlings 

under heat stress conditions. The values are the mean of three replications and the veritical bars represent + SE 
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