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ABSTRACT 
 

Climate models predict greater increases in temperature in the future. The impacts of high temperature on 
wheat (Triticum aestivum L.) are not well understood. The aim of this study was to quantify the effects of high 
temperature on photosynthetic performance, pigment content, relative water content, lipid peroxidation, proline 
accumulation as well as antioxidative enzymes on wheat seedlings. Surface sterile seeds were soaked in water 
for 6 hours and were put on filter paper moisture with water to germinate. Germinated seeds then transferred to 
pots of vermiculite and fed with Hoagland solution. Wheat seedlings were exposed to increasing day/night 
temperature (25/20°C, 30/25°C and 35/30°C). Chlorophylls and carotenoids contents decreased significantly at 
high temperature stress. The reduction of chlorophyll a and b contents of leaves was detected after 35/30°C 
day/night temperature treatment in leaves. The maximum quantum yield of PSII (FV/FM), photon yield of PSII 
(ΦPSII), non-photochemical quenching (QNP) in the stressed seedlings were inhibited, while photochemical 
quenching (QP) was increased. The positive correlations between chlorophyll a content and FV/FM, total 
chlorophyll content and ΦPSII, QNP  were found. Antioxidative responses of rice seedlings were also explored. 
A significant increase in superoxide dismutase, catalase, glutathione reductase and asscorbate peroxidase 
activities under high temperature stress. 
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Introduction 
 

Regarding to the FAO organization the wheat (Triticum aestivum) crop accounts for about 21% of food and 
200 million hectares of farmland worldwide (available from: http://www.fao.org). Developing countries produce 
and utilize 81% of wheat they consume. In the period leading up to 2020, demand for wheat for human 
consumption in developing countries is expected to grow at 1.6% each year. The global average wheat yield 
must be increase during the coming 25 years from 2.6 to 3.5 tones ha-1. 

Abiotic stresses such as extreme temperatures and low water availability frequently limit the growth and 
productivity of major crop species including cereals. Future climate scenarios suggest that global warming may 
be beneficial for the wheat crop in some regions, but could reduce productivity in zones where optimal 
temperatures already exist. Global warming, however, may negatively affect wheat grain yields which 
potentially increasing food insecurity (Tubiello et al., 2000). Thus high temperature stress is one of the 
important yield limiting factors in wheat. High temperature is often accompanied with low water supply, so the 
primary aim of cereal breeding must be to develop cultivars tolerating both types of stresses (Tester and Bacic, 
2005). Many studies on the influences of high temperatures on cereals are associated with the day- and 
nighttime temperatures. 

Global warming, accompanied by an increased frequency of periods with high temperatures, is one of the 
most important characteristics of accelerated climatic changes. Nowadays greenhouse gases emission and 
growth of population increase the mean surface air temperatures (Shakun et al., 2012) and the frequency of 
periods of high temperatures (Wheeler et al., 2000). Additionally, climate models predict that there will be a 
relatively greater increase in nighttime temperatures as compared to daytime temperatures which can have some 
effects on crops. Over the past century global daily minimum temperatures increased more than twice compared 
to increases in daily maximum temperatures (Easterling et al., 1997).  

Many dry environments exist in the world, which suffer from severe heat stress during grain filling. Recent 
studies have shown that the yields of maize (Grassini and Cassman, 2012), sunflower (Chaki et al., 2011) and 
wheat (Prasad et al., 2008; Pradhan et al., 2012; Srivastava et al., 2012) were strongly correlated with minimum 
(nighttime) temperatures. Crop development and growth rates and duration of critical phases can be differently 
sensitive to minimum temperatures and maximum temperatures (Lobell and Ortiz-Monasterio, 2007). 
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Decreasing rice yields in the Philippines were related to increasing nighttime temperatures (Peng et al., 2004), 
and increasing wheat yields in Mexico were related to decreasing nighttime temperatures (Lobell et al., 2005). 

In the photosynthetic machinery, PhotosystemII is one of the sensitive components for heat denaturation 
(Chen and Cheng, 2009; Li et al., 2009; Zhang and Sharkey, 2009). Heat stress also affects processes related to 
membrane stacking, membrane integrity, ion conductivity, and phosphorylation activity (Zhang and Sharkey, 
2009). Heat induces the dissociation of the manganese stabilizing protein from the PSII reaction center complex 
followed by a release of the manganese atoms (Enami et al., 1994). PSII inactivation by heat may go together 
with the combination and subsequent dissociation of the LHCII (Li, Cheng et al., 2009) 

The influence of high temperatures on growth and development of wheat and other crops is well 
documented (Wheeler, Craufurd et al., 2000). High temperatures damage photosynthetic membranes and cause 
chlorophyll loss (Díaz-Almeyda et al., 2011; Mathur et al., 2011). It has been shown that the enzyme soluble 
starch synthase in wheat appears to be limiting at high temperatures. Heat decreases leaf photosynthetic rate, 
increase embryo abortion, lesser grain number, and decrease filling duration of grains resulting in lower grain 
yield (Prasad et al., 2006). In addition, the grain filling of wheat is significantly weakened by heat stress due to 
reductions in current leaf at high temperatures (Blum et al., 1994). At the molecular level, high temperatures 
negatively affect cell metabolism (Xu et al., 2010; Chaki, Valderrama et al., 2011) and motivated changes in the 
pattern of protein synthesis (Larkindale et al., 2005). However, as shown by Blum (1994), in some wheat lines, 
grain filling from mobilized stem reserves is a constitutive trait, which supports grain filling under heat stress.  

During evolution, plants, as sessile organisms, have developed suitable developmental approaches to make 
sure their survival and reproduction even under suboptimal conditions. Reproduction efforts, however, preferred 
yield rather than survival into the focus of crop, especially cereal, improvement. Yield safety expands 
increasingly worth since high-yielding cereal cultivars became widespread in agriculture.  

There is significant linkage between the responses to heat stress and oxidative stress. Both stress inducing 
pathways, which cause the expression and accumulation of heat shock proteins (HSP) in plants (Lee et al., 
2000). On the other hand, there is also evidence that heating induces oxidative stress and / or expression of 
antioxidant enzymes plants (Lee et al., 1999). Reactive oxygen species (ROS) such as superoxide radicals, 
hydrogen peroxide, and hydroxyl radicals are always produced in plants. Oxidative damage of cellular 
components, and their involvement in a number of biotic and abiotic stresses due to additional production of 
ROS has been shown (Bowler et al., 1992). Ascorbate peroxidase (APX) is also one of important antioxidant 
enzymes of plants that detoxifies hydrogen peroxide using ascorbate for reduction (Panchuk et al., 2002). 

 
Materials and Methods 
 
Experimental design: 

 
Seeds of wheat (Trtiicum aestivum L., cv. Shahryar) were surface sterilized in 0.1% HgCl2 for 10 min and 

rinsed thoroughly in distilled water. Seeds were then soaked in sterile deionized water at room temperature for 6 
h and then transferred to two sheets of sterile filter paper moistened with deionized water to germinate. The 
germinated seeds were then put in plastic pots filled with vermiculite saturated with Hoagland nutrient solution 
(Hoagland and Arnon, 1950) for 8 days. The solutions were renewed every 2 days (Amirjani, 2011). Seedlings 
were divided into three groups. Each group were grown under controlled environmental conditions with relative 
humidity of 70–85%, day/night temperatures of 25/20°C (control), 30/25°C and 35/30°C (treatments) with a 
photosynthetically active photon flux density (PPFD) of 250–350 μmol m−2 s−1 in 16 h of white light/8 h dark 
condition . 

 
Leaf gas exchange: 

 
Leaf gas exchange was measured on the second using a LI-6400 portable (LI-COR Inc., USA) 

photosynthesis system.  
 

Fluorescence measurements: 
 
Fluorescence measurements were performed with a chlorophyll fluorometer (PAM-2000; Heinz-Walz, 

Effeltrich, Germany) according to the manufacturer’s instructions and the method explained by Amirjani (2010). 
The experimental protocol of Genty (1989) was basically used in this experiment. Leaves were first adapted in 
darkness for at least 30 min. Following 30 min of dark adaptation, the minimum chlorophyll fluorescence (F0) 
was determined using a measuring beam, which was sufficiently low (<0.1 μmol m-2 s-1) not to induce any 
significant variable change in fluorescence. To obtain the maximum fluorescence in the dark-adapted state (FM), 
a saturation pulse (8000 μmol m-2 s-1) was used and the quantum efficiency of PSII open centers in dark-adapted 
seedlings (FV/FM) was determined. The leaves were then illuminated with 300 μmol m-2 s-1 light. The steady-
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state value of fluorescence (FS) was recorded. To determine maximum fluorescence in the light-saturated state 
(F´M) a second saturating pulse at 8000 μmol m-2 s-1 was used. After turning off the light the minimum 
fluorescence in the light saturated state (F´0) was determined by illuminating the leaves with far-red light (7 
μmol m-2 s-1). The quantum efficiency of PSII open centers, light-adapted state, ФPSII (F´M – FS / F´M), and the 
quantum efficiency of excitation energy trapping of PSII, (F´V/F´M), were calculated according to Genty (1989) 
and Kramer (2004). The photochemical quenching, (QP) = (F´M – FS) / (F´M –F´0), and non-photochemical 
quenching, (QNP) = (FM – F´M )/ FM –F´0), parameters were calculated as done by Schreiber (1994). 

 
Leaf pigment content: 

 
Fresh leaves sample (0.1 g) were analyzed for pigment contents. The leaves were sliced and ground to a 

fine powder in liquid nitrogen using a pestle and mortar. Pigments were extracted in 3 ml cold 80% acetone as 
described by Brouers and Michel-Wolwertz (1983). Acetone extracts were centrifuged at 3000 g for 10 min and 
the resulting pellets were extracted in cold 80% acetone. This operation was repeated three times. The 
successive supernatants were pooled and centrifuged at 4000 g for 5 min for clarification. The absorbance of the 
acetone extracts was recorded at 626, 647, 664 nm and (for background correction) 720 nm using a Perkin 
Elmer Lambda 900 UV/VIS spectrophotometer (Perkin-Elmer Corp. Norwalk, CT, USA). The amounts of Chl 
were calculated according to Brouers and Michel-Wolwertz (1983) by putting the obtained value on the 
following formulas: 

 
Chl a (µg/ml) = 12.68 OD664 - 2.65 OD647 + 0.30 OD626 
Chl b (µg/ml) = - 4.23 OD664  + 23.62 OD647 - 3.26 OD626 
 

Extraction and Determination of antioxidative enzymes: 
 
Fresh leaf tissues of control and treated plants were used for determination of antioxidative enzymes. Fresh 

leaves (0.2 g) were sliced and ground to a fine powder in liquid nitrogen using a pestle and mortar. The powder 
was homogenized in 0.5 ml extraction buffer containing 50 mm Na-phosphate (pH 7.0), 0.25 mm EDTA, 2% 
(w/v) polyvinylpyrrolidone-25, 10% (w/v) glycerol, and 1 mm ascorbic acid. The homogenate was then 
centrifuged at 15,000g for 20 min at 0°C. The supernatant (soluble fraction) was used as the crude extract for 
the superoxide dismutase (SOD), catalase (CAT), peroxidase (APX) and glutathione reductase (GR) assay 
(Khan and Panda, 2008). 

Superoxide dismutase (SOD, EC:1.15.1.1) was assayed on the basis of its ability to inhibit the 
photochemical reduction of nitro blue tetrazolium (NBT), according to the methods of Beauchamp and 
Fridovich (1971) and Beyer and Fridovich (1987). The reaction mixture contained 50mM phosphate buffer 
(pH= 7.8), 13 mM methionine, 75 mM NBT, 100 µM EDTA, 200 mL of enzyme extract and 2 mM riboflavin. 
The reaction mixture was read at 560 nm. The increase in absorbance in the absence of enzyme was taken as 
100 and 50% initial was taken an equivalent to 1 unit of SOD activity. 

Catalase (CAT, EC 1.11.1.6) activity was measured by the method of Tan et al (2008). Enzyme extract and 
4 ml of 50 mM phosphate buffer (pH 7.0) were mixed and incubated at 30°C for 10 min. The reaction was 
started by adding 1 ml of 50 µM H2O2, and terminated after 1min by adding 2 ml of 10% H2SO4. CAT activity 
was then determined by estimating the residual H2O2 in the reaction solution using 10 mM KMnO4 titration to 
pink. CAT activity was expressed as U mg-1 FW. 

Ascorbate peroxidase (APX; E.C.1.11.1.11) activity  was measured according to Panchuk (2002). The 
reaction mixture contained 25 mm Na-phosphate (pH 7.0), 0.1 mm EDTA, 1 mm H2O2, 0.25 mm ascorbic acid 
(AsA), and protein extract in a total volume 1 ml. The oxidation rate of AsA was assayed photometrically using 
a UV/Visible Spectrophotometer by monitoring the decrease in A290 after 1 min of incubation following the 
addition of protein extract. A fall in absorbance at 290 nm was measured as ascorbate was oxidized. APX 
activity (unit/g FW) was calculated using an extinction coefficient of 2.8 mmol/l/cm for ascorbate at 290 nm 
(Ünyayar et al., 2005).  

Glutathione reductase (GR; E.C. 1.6.4.2) activities were measured following previously published 
techniques (Rijstenbil, 2002). The assay mixtures were composed of (final concentrations): 1.20 ml buffer; 0.10 
ml extract (or 0.10 ml buffer in controls); 0.05 ml NADPH (83 μM) made from a 2.5 mM work solution in 0.1% 
NaHCO3, and kept on ice. The total assay volume was 1.5 ml. After 10 min incubation (25°C), 0.15 ml of 1 mM 
GSSG (Sigma) was added, and the decrease of NADPH absorption was monitored for 3 min at 340 nm using a 
UV/Visible Spectrophotometer; the cuvette light path was 1 cm. The NADPH concentration change [μmol 
NADPH (ml extract)−1 min−1] was calculated on the basis of the molecular extinction coefficient of NADPH at 
340 nm (ε340= 6.22 mM−1 cm−1). 
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Calculation of the APX and GR activities: 
 
Specific activities of APX and GR were calculated as: (ΔA/(ε*d))*(Vassay/Vsample)/gFW), where ΔA = 

(absorption change min−1 in mixture with extract) – (absorption change min−1 in mixture with blank) = net 
absorption change min−1; ε = molecular absorption coefficient of either ascorbate (APX) or NADPH (GR), in 
mM−1 cm−1; d = cuvette light path (cm); Vassay = total assay volume (ml); Vsample = volume of extract in the assays 
(ml); gFW = fresh weight of used tissue to obtain protein extract, in g. Activities of APX [μmol ascorbate (g)−1 
min−1] and GR [μmol NADPH (g)−1min−1] are by definition equal to enzyme units; the latter were graphically 
presented as: U (g FW)−1. 

 
Relative water content: 

 
To determine relative water content (RWC), four plants from each treatment were randomly selected and 

the method described by Turner (1981) was fallowed. About 0.1 g leaf sample was cut into smaller pieces and 
weighed to determine initial weight (Wi). The leaf samples were then floated in freshly de-ionized water for 12 
h and weighed thereafter to determine fully turgid weight (Wf). The sample was oven-dried at 80˚C for 3 days 
and the dry weight was obtained (Wd). The relative water content (RWC) was determined using the following 
formula: RWC = (Wi – Wd) (Wf – Wd)

-1  100. 
 
Leaf proline content: 

 
Proline was extracted and the content assayed spectrophotometrically according to the method of Bates 

(1973). Leaves (0.5 g) from plants of each of the treatments were harvested. Leaves were ground in liquid 
nitrogen to a fine powder for the determination of proline content. The powder were homogenized with 10 ml of 
3% (w/v) sulphosalicylic acid and passed through whatman No. 2 filter paper. 2 ml of ninhydrin reagent and 2 
ml of glacial acetic acid were added to 2 ml of the filtered extract. The mixture was incubated in 100 °C water 
bath for 1 h. The reaction mixture was placed on ice and extracted with 4 ml toluene. Absorption of 
chromophore was read at 520 nm using a Perkin Elmer Lambda 900 UV/VIS spectrophotometer (MC USA). 
Toluene was used as blank. The proline concentration was calculated using L-proline corresponding on the 
standard curve. 
 
Lipid peroxidation: 

 
The level of lipid peroxidation was measured by estimation a decomposition product of peroxidized 

polyunsaturated fatty acid component of membrane lipid, Malondialdehyde (MDA). MDA was measured by a 
colorimetric method (Heath and Packer, 1968) using thiobarbituric acid (TBA) as the reactive material. The 
tissues were homogenized with 5% (w/v) trichloroacrtic acid (TCA). One ml of homogenate was mixed with 4 
ml of TBA reagent. The reaction mixture were heated at 95ºC for 30 min in water bath and then quickly cooled 
in an ice bath and centrifuged at 1900 g for 10 min. The absorbance of coloured supernatant was measured at 
532 nm and was corrected for non-specific absorbance at 600 nm. The non-specific absorbance at 600 nm was 
subtracted from the absorbance at 532 nm. Concentration of MDA was determined by its molar extinction 
coefficient (155 mM−1 cm−1) and the results expressed as nmol MDA g−1 FW. 

 
Statistical analysis: 

 
Statistical analysis was performed using SPSS 16. The data represent means calculated from five replicates. 

The analysis of variance procedure (ANOVA) was used to compare the effect of high temperature and statistical 
significance was set at P<0.05.  

 
Results: 
 
Fluorescence parameters: 

 
Exposing rice seedlings to different day/night temperature resulted in changes of the chlorophyll 

fluorescence parameters. Increasing day/night temperature to 30/25°C did not cause any significant increase of 
F0 value. However, higher temperature, 35/30°C, resulted in significant increase of F0 value. Maximum 
photochemical efficiency, the FV/FM value of the controls was about 0.81 (Fig. 1). FV/FM ratio decreased by 
increasing day/night temperature. Significant decrease of FV/FM was shown, however, only when day/night 
temperature was 35/30°C. Examination of F´V/F´M and ΦPSII values clearly showed that these parameters had a 
high correlation with FV/FM and had similar responses (Fig. 1). ΦPSII and F´V/F´M diminished significantly at all 
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temperature conditions. Variation of QNP, reflecting the nonradioactive energy dissipation was non-significant 
for all day/night temperature. On the other hand, a significant decrease for QP was observed at all conditions 
(Fig. 1).  
 
Pigment Contents: 

 
High temperature treatment affected the chlorophyll amount of leaves (Fig. 2). The reduction of chlorophyll 

a and b contents of leaves was detected with enhanced temperature. Chlorophyll accumulation was significantly 
inhibited by 35/30°C day/night temperature (Fig. 2). Under high temperature stress, the chlorophyll b content of 
leaves was more affected than the chlorophyll a content. Total chlorophyll content of the leaves decreased 
significantly with increasing temperature to 35/30°C. Total chlorophyll content decreased approximately by 
13% at the 35/30°C day/night temperature. The 30/25°C day/night temperature did not cause any significant 
changes on chlorophyll amounts. The highest carotenoid content was measured in control plants and it 
decreased with increasing temperature. Carotenoid content was decreased by 12% with high day/night 
temperature, 35/30°C (Fig. 2). 
 
Gas exchange: 

 
As figure 3 shows gas exchange were affected by high temperature treatments. Heat stress decreased net 

photosynthetic rate (A), transpiration rate (E) and stomatal conductance (Gs), but increased intercellular CO2 
concentration (Ci) of the leaf. 
 
Relative water content: 

 
The RWC was not affected significantly at 30/25°C, but showed a decrease to 83.76 at 35/30°C, which was 

significant compared to the control, 90.6 (Table 1). 
 
Lipid Peroxidation: 

 
The damage to cellular membranes by high temperature due to lipid peroxidation is indicated by the 

accumulation of the MDA level. The results showed that MDA level was significantly increased with rising 
day/night temperature. At 30/25°C and 35/30°C temperature stress there was about 1.3- and 1.8-fold increase in 
MDA content compared to the control (table 1). 
 
Proline accomulation: 

 
To determine whether proline accumulates in response to high temperature, the content of free proline was 

measured. The result showed an increase of 1.5- and 2.2- fold in proline content was observed when treated with 
30/25°C and 35/30°C temperature stress, respectively (table 1).  
 
Oxidative stress generation: 

 
To manage the oxidative stress, the cells activate several enzymatic antioxidants, such as SOD, CAT, APX 

and GR. In order to evaluate the oxidative stress generated by high temperature stress, antioxidative enzymes 
were determined wheat plants subjected to 25/20°C, as control, and 30/25°C and 35/30°C temperature stress. 
Considering the fact that oxidative stress could be produced by a decrease in antioxidant defenses, the activities 
of the main antioxidant enzymes, such as SOD, CAT and POD were analyzed. 

The activity of SOD was not significantly increased at 30/25°C day/night temperature. Higher temperature, 
however, resulted in increase of SOD activity (Fig. 4).  

  
Table 1: Effect of high temperature stress on relative water content (RWC), of wheat seedlings leaves. Data are the mean value ± SD of five  
              individual experiments. 

Temperature (Day/Night °C) 
25/20 30/25 35/30 

RWC (%) 90,62 ± 2,86 89,85 ± 3,36 83,76 ± 2,78 
MDA (µg/g FW) 0,18 ± 0,03 0,29 ± 0,026 0,34 ± 0,015 
Proline (μmoles/g FW)  0, 98 ± 0,16 1,38 ± 0,16 1,97 ± 0,17 
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Fig. 1: Effect of high temperature stress on fluorescence parameters of wheat seedlings. Data are the mean  
            values ± SD of five individual experiments. 

Fig. 2: Effect of high temperature stress on amount of chlorophyll a, b, carotenoid and ratios of pigments in  
            wheat seedlings. Data are the mean value ± SD of five individual experiments. 
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Fig. 3: Effect of high temperature stress on gas exchange of wheat seedlings leaves. Data are the mean value ±  
           SD of five individual experiments. 

 
Relative to control, the activity of catalase (Fig. 4) showed increase at both 30/25°C and 35/30°C 

temperature.  Increase at 30/25°C and  35/30°C was about 1.10 and 1.97 fold more than the control. 
Ascorbate peroxidase activity showed increase with rise in temperature (Fig. 4). At 30/25°C APX activity 

showed 84% increase in activity over control and at 35/30°C APX activity was 5.6 fold more than the control. 
With rise in temperature, the activity of glutathione reductase elevated (Fig. 4). At 35/30°C, there was a 

great increase in GR activity, which was about 74% more than the activity of control. At 30/25°C, however, GR 
activity had a slighter increase, 16% more than the control.  

 
Fig. 4: Effect of high temperature stress on antioxidative enzymes of wheat seedlings. Data are the mean value  
            ± SD of five individual experiments. 
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Discussion: 
 
The maximum quantum yield of PSII; FV/FM is equivalent to the intrinsic photochemical efficiency of PSII. 

A decrease in this ratio is closely associated with exposure to high light intensity (Haldimann et al., 1996). 
FV/FM  measurement of the high temperature treated seedling showed no significant changes at 30/25°C 
compare to control. But expose of seedlings to higher temperature, 35/30°C, decrease the maximum 
photochemical efficiency of PSII by about 16%. Values between 0.8-0.85 are usually considered as non-stressed 
plants. That means FV/FM is not sensitive to mild increase of temperature but it is sensitive enough to more rise 
of temperature. The decrease in FV/FM was expected to be an indicator to evaluate the damage in chloroplasts, 
especially in thylakoid membranes, under salinity (Yamane et al., 2008). Considering the formula (BO) = 
(FV/FM) – (F’V/F’M) / (FV/FM), where BO=Relative amount of QB-non-reducing PSII centers, decrease of FV/FM 
could also be a result of the increased proportion of QB-nonreducing PSII reaction centers. Thus the electron 
transfer has been blocked from QA to QB as a result of considerable increase in the number of QB-non-reducing 
centers. Thus reducing FV /FM in heat-treated plants demonstrated that high temperature treatment decreased the 
possibility of electron transfer from QA to QB (second quinone electron acceptor of PSII. 

Also, decreased FV/FM resulted in a decrease in the quantum efficiency of excitation energy trapping of the 
open PSII reaction center (F´V/F´M) and in the quantum efficiency of PSII open centers in a light-saturated state, 
ΦPSII. However, 35/30°C conditions caused the maximum decrease in FV/FM, F´V/F´M and ΦPSII (fig 1). 
Increasing of QNP with increase of temperature, indicating a rise of the thermal dissipation in PSII antennae, 
often results in a decrease in F´V/F´M (Lu and Zhang, 2000; Lu et al., 2000). On the other hand, QP decreased 
with increasing temperature. The decreased QP suggested a down regulation of the open PSII reaction centers 
(Genty, Briantais et al., 1989). These data confirmed other reports on fluorescence parameters by different stress 
(Rijstenbil, 2002; Ranjbarfordoei et al., 2006; Amirjani, 2011). 

Contents of chlorophylls and carotenoids and the ratios of chl a/b and chl/car are good indicators for 
revealing the stress and level of tolerance in plants (Zhang et al., 2008). In the present study, the amount of chl 
a, chl b and carotenoids did not show any significant changes at 30/25°C, but a reduction is seen at higher 
temperature, 35/30°C. Results showed that the ratio of chl a/b and the ratio of chl/car has not been changed 
under heat stress. It does not show that there is not any decrease in light-harvesting a/b-binding proteins 
associated with PSII due to the fact that reducing a/b ratio usually indicates a preferential decrease in light-
harvesting allowing PSII to transfer less excitation (Rizhsky et al., 2002). Because Results showed that both 
chls decreased at high temperature.  

The results showed a decrease in the RWC. It is known that stress affects both leaf growth and water status 
(Hernández et al., 2000). High temperature may cause disturbances in the water balance of the plant, reducing 
turgor and inhibiting growth as well as provoking stomatal closure and reducing photosynthesis (Jose et al., 
2002). 

High temperature damages cellular membranes due to lipid peroxidation. The results showed that MDA 
level was significantly increased with rising temperature. There are reports that stresses disrupts membrane 
permeability is by peroxidation of the lipid membrane (Mandhania et al., 2006). Membrane injury under High 
temperature is related to increased production of highly toxic reactive oxygen species (Hernandez et al., 2000). 
Lipid peroxidation measured as the amount of produced MDA when polyunsaturated fatty acids in the 
membrane undergo oxidation by the accumulation of free oxygen radicals. Lipid peroxidation is ascribed to 
oxidative damage and is often used as an indicator of increased damage (Hernandez, Jimenez et al., 2000; Bor et 
al., 2003; Meloni et al., 2003). 

Plants usually accumulate some compatible solutes with low molecular mass such as proline (Ashraf and 
Harris, 2004; Tripathi et al., 2007). It has been shown that accumulation of proline is a common response to a 
wide range of biotic and abiotic stresses such as salt (Aghaei et al., 2009), drought (Rizhsky et al., 2004) and 
high temperature (Kumar et al., 2012). The results of present research showed that increasing temperature lead 
to increase of proline content of plants. These results confirms the previously observation of Kumar (2012). 

The presence of stress in the cell leads to the formation of ROS, which cause further severe oxidative 
damage to different cell organelles and biomolecules. To scavenge ROS, plants possess a well-organized 
antioxidative defense system comprising enzymatic and nonenzymatic antioxidants. The cooperative function of 
these antioxidants plays an important role in scavenging ROS and maintaining the physiological redox status of 
organisms (Cho and Seo, 2005). The expressions of the antioxidant enzyme-related genes, i.e., SOD, CAT, GR 
and APX were all up-regulated by high temperature treatment in comparison with the control. Up-regulation in 
the expression of genes, and hence the increased activities of the antioxidant enzymes suggests that high-
temperature adaptation improved the antioxidant capacity, which may effectively lessen ROS injury during heat 
stress. In general, the activities of enzymatic antioxidants increased at temperatures of 30/250°C in treated plant 
possibly as a defense mechanism against heat stress while at further higher temperature of 35/30°C, a decline 
was observed in their levels which may have occurred due to inactivation of the enzymes or inhibition in 
biosynthesis of non-enzymatic antioxidants (Yin et al., 2008). 
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In this study, a significant increase of SOD activity in leaves was observed with increasing temperature. 
This may be attributed to the increased production of superoxide, resulting in the activation of existing enzyme 
pools or increased expression of genes encoding SOD (Mishra et al., 2006). Increased SOD activity caused by 
high temperature has been previously observed in several plant species, and is routinely considered to be an 
adjustment response to stress (Bavita et al., 2012). 

The activity of ascorbate peroxidase (uses ascorbate to detoxify hydrogen peroxide) increased at high 
temperature. The involvement of this enzyme in heat tolerance was previously reported by Koussevitzky (2008) 
using arabidopsis mutants for APX. Observations of this study regarding increase in APX match with the 
findings in heat-stressed plants (Sairam et al., 2000). It has Previously been reported that poa had significantly 
higher APX activity at higher temperature(He and Huang, 2007). 

The activity of catalase (detoxifies hydrogen peroxide) increased to a higher level at high temperature. The 
increase in CAT activity in this study is in agreement with observations of Balla (2009). Decrease in CAT 
activity, however, has been observed in other stress studies(Amirjani, 2012)  

Glutathione reductase (GR) also plays a key role in oxidative stress by converting the oxidised glutathione 
(GSSG) to reduced glutathione (GSH) and maintaining a high GSH/GSSG ratio (Irihimovitch and Shapira, 
2000). Increased GR activity in leaves of other plants have been reported (Bor et al., 2003). 

 
Conclusion: 

 
The harvest potential quality of cereals which are the main food for the most of people have been much 

enhanced due to research and breeding efforts. Today, yield safety has got more importance because of the 
climate changes. High temperature is particularly considered as one of the key stress factors with high influence 
on crop yield. responses of plants to stress are very complex including interactions of structure, function and the 
milieu. Thus it is required to investigate the plant response to heat stress at the cellular and molecular levels in 
order to obtain a full picture.  In conclusion, this study showed that increasing temperature decreased CO2 
fixation, maximum efficiency of PSII, electron transport and the amount of photosynthesis pigments. Heat 
stress, however, resulted in increasing the antioxidant activities.  
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