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ABSTRACT. Heat stress has a significant effect on the growth and development of
cereals and affects cereals production by reducing the total yield. High temperatures in
plants lead to oxidative stress, which creates reactive oxygen species that are specific to
cause damage to the cell membrane. Due to the action of reactive oxygen species, lipid
peroxidation can occur. For that reason, it is important to find cultivars that are more
resistant to the harmful effects of heat stress and thus enable higher productivity. The aim
of this study was to determine the effect of heat stress on the degree of lipid peroxidation
and yield elements in leaves of 10 wheat cultivars, in order to select cultivars more
resistant to heat stress. The degree of lipid peroxidation was determined spectrophoto-
metrically by measuring the concentration of reactive substances of thiobarbiturate acid
(mainly malondialdehyde - MDA). The cultivar Renesansa with the largest increase in
MDA in conditions of high air temperature (2.848 umol/g fw) was also characterized by
the lowest yield (2870 kg/ha). On the other hand, the cultivar Talas with the smallest
increase in MDA content (1800 pmol/g fw) in conditions of high air temperature showed
significantly higher yield (3830 kg/ha). In this paper was shown that lipid peroxidation
has a significant effect on yield reduction in the investigated wheat cultivars. Cultivars
Talas, Apac, Hyfi, Mila and Salasar were characterized as cultivars more resistant to heat
stress with higher yields. These results suggest that wheat cultivars were significantly
different in their ability to respond to heat stress, which could be useful for the
development of tolerant wheat cultivars in the breeding programs.

Key words: wheat, heat stress, MDA, lipid peroxidation, yield.

INTRODUCTION

Cereals are an important economic and food resource that’s the one of the most
important nutrition in the daily human diet (FAROOQ et al., 2011). Abiotic factors are the
dominant stress source in higher plants (KHAMSSI et al., 2011) and affect the amount of all
cereals produced, which could create food supply problems in the future (CiAls et al., 2005;
BARNABAS et al., 2008). Due to global warming, heat stress is becoming one of the most
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alarming factors (MAHLA et al., 2012). Heat stress has a significant effect on the growth and
development of cereals (PORTER and GAwWITH, 1999) and affects wheat production, causing a
reduction in yield of up to 71% (MUSTAFA et al., 2013). Maintaining high yields despite the
harmful effects of the environment is an increasing challenge for modern agriculture (GiLL
and TUTEJA, 2010). Heat stress has a negative effect on plant growth, metabolism and plant
cell function (ANDERSON and SONALI, 2004). Physiological damage during heat stress occurs
at all levels of structural organization and is mostly dominant at the molecular level (KARU-
PPANAPANDIAN et al., 2011). Temperatures above 35 °C reduce the activity of enzymes and
significantly limit the processes of photosynthesis (GRIFFIN et al., 2004). High temperatures
in plants lead to oxidative stress creating reactive oxygen species (ROS) (Suzuki and MITT-
LER, 2006). It is specific for reactive oxygen species to cause damage to the cell membrane
(KuMAR et al., 2012), which can result in cell death and plant damage (Liu and HUANG, 2000;
MARCUM, 1998). Under oxidative stress, the increased concentration of formed ROS leads to
lipid peroxidation causing damage to the cell membrane (BREUSEGEM et al., 2001; AMIRJANI,
2012). Lipid peroxidation is the best indicator of stress and membrane damage (TAULAVUORI
et al., 2001) and is accompanied by an increased concentration of malondialdehyde (MDA)
(VAccA et al., 2004). Fortunately, plants have evolved mechanisms to remove ROS under
stress (ALSCHER et al., 2002). When the ambient temperature is 5 °C higher than the optimal,
the activation of a characteristic set of cellular and biochemical processes necessary for the
survival of plants under conditions of heat stress occurs (Guy, 1999). Accumulation of speci-
fic heat stress proteins (DJUKIC et al., 2019) as well as proline accumulation proved to be one
of the adaptation factors to heat stress in wheat (KAvi KISHOR et al., 2005). Stress resistance
can differ significantly between wheat cultivars and different adaptation mechanisms can be
activated among them.

The development of heat-tolerant cereals, based on the specific cultivar characteristics,
can be a promising approach that can meet food needs. By applying biotechnology in cereal
breeding, cultivars more resistant to high temperatures can be developed, i.e. cultivars that
will give higher yields. In order to advance in this area, it is necessary to identify the damage
that can occur due to the high temperatures, the protective mechanisms of cereals from heat
stress and the range of genetic variability for the aforementioned mechanisms (Fu and Hu-
ANG, 2001).

The aim of this study was to determine the effect of heat stress on the degree of lipid
peroxidation by measuring malondialdehyde content in the leaves of 10 wheat cultivars, to
determine the yield of tested wheat cultivars and to compare them in order to select cultivars
more resistant to heat stress.

MATERIAL AND METHODS

Plant material and field conditions

In our experiment were used 10 wheat cultivars (Carica, Futura, Renesansa, Ratarica,
Vlajna, Mila, Apac, Salasar and Hyfi). The cultivars were sown in the experimental field of
the Agricultural Station in Kraljevo (43°47'23.2"N 20°32'04.6"E) on meadow-valley black
soil. Sowing was done at the end of October 2017. Before sowing, mineral fertilizer (NPP
15:15:15) was applied in accordance with the recommendations, based on the chemical
properties of the soil and the available content of nitrogen, phosphorus and potassium.
Samples used for analysis were collected from the experimental field in the middle of the day
(11-12 h) in June 2018. Samples were collected on days with a moderate air temperature of 26
°C (samples were collected after a few days with temperatures below 27 °C), and after a few
days in conditions of high air temperature of 35.4 (samples were collected after a few days
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with temperatures higher than 30 °C). The time interval of leaf collection between moderate
and high air temperatures was 6-8 days. Sampling of the material was performed in the
phenological phase of milk ripening of cereals. Flag leaves of selected cereal cultivars were
used for the analysis.

Weather conditions

Weather conditions during the vegetation season are shown in Figures 1 and 2. During
2018, the average value of air temperature was 12.7 °C (Fig. 1). Precipitation during the se-
ason was 986.9 mm (Fig. 2). During the milk ripening phase of the cereals when the samples
were collected, the average air temperature was 19.9 °C. During the milk ripening phase of
the cereals according to period of 5 years, there are 9-10 days with average day temperatures
above 30 °C. In days with average day temperatures above 30 °C, maximum temperatures are
in the middle of the day (11-12h). Maximum temperatures in June (when samples were
collected) according to period of 5 years ranged from 31.2 °C to 37 °C. According to period
of 10 years, year 2018 was the hottest year (Republic hydrometeorological service of Serbia).
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Figure 1. Average values of air temperature shown by months during 2018.
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Figure 2. Average precipitation values shown by months during 2018.
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Degree of lipid peroxidation - Malondialdehyde content

The degree of lipid peroxidation was determined by spectrophotometric method accor-
ding to HEATH and PACKER (1968), by measuring the concentration of reactive substances of
thiobarbiturate acid (mainly malondialdehyde - MDA).

The leaves were homogenized in a mortar with liquid nitrogen until a fine powder
appeared. Extraction was performed on 0.2 g of isolated plant material to which 0.1% tri-
chloroacetic acid (TCA) solution was added, after which the contents were centrifuged at
10400 rpm at 4 °C (Eppendorf Centrifuge 5415 R; Eppendorf, Hamburg, Germany). After
extraction, supernatant was isolated and malondialdehyde reagent (0.5% thiobarbiturate acid
in 20% trichloroacetic acid) was added. The obtained supernatant was used for spectrophoto-
metric readings at wavelengths of 532 and 600 nm (Metash uv/vis 5100B; Metash instrument
Co., Ltd). A pure reagent for the determination of malondialdehyde was used as a blank. The
concentration of lipid peroxidation products is presented as the amount of MDA per gram of
fresh plant (umol/g of fw).

Test weight

The grain harvest in the experimental field was carried out in the phase of full maturity
at the end of June and the beginning of July 2018. After harvest, yield and test weight were
determined. Yield elements were determined on a plant sample collected from an area of 1
m2, with standard methods (KALUDERSKI and FILIPOVIC, 1998).

Statistical analysis of data

Statistical analysis of the data was performed using the SPSS program (IBM SPSS
Statistics, Version 20, Inc. 1989-2011, USA). The degree of lipid peroxidation (Fig. 3) was
subjected to two-factor analysis of variance (ANOVA test) with cultivar and temperature as
factors, after which the Fisher LSD test of multiple ranges with a significance level of p <
0.05 was performed. The analysis of the correlation between MDA content and yield elements
with a significance level of p < 0.05 was performed. A paired T test with a significance level
of p <0.05 was also performed.

RESULTS AND DISCUSSION

Degree of lipid peroxidation - Malondialdehyde content

In the analyzed cereal cultivars at conditions of moderate air temperature (26 ° C), the
MDA content ranged from 0.742 pmol/g to 1.242 pmol/g of fw (Fig. 3). The highest MDA
content among the analyzed wheat cultivars under conditions of moderate temperature was
found in the cultivar Ratarica (1.242 pmol/g of fw), while the lowest MDA content was found
in the cultivar Mila (0.742 pumol/g of fw). In other cultivars, high MDA content at moderate
air temperature conditions was found in cultivars Salasar (1.152 pmol/g fw), Talas (1.106
pmol/g fw), Hyfi (1.097 pmol/g fw) and Vlajna (1.023 pmol/g fw). The cultivar with a
slightly lower MDA content at moderate air temperature conditions is cultivar Futura (0.965
pmol/g fw). Cultivars in which a lower MDA content was observed under conditions of
moderate air temperature are Renesansa, Apa¢ and Carica. The mean value of MDA in
moderate air temperature conditions was 0.999 pmol/g fw.
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Figure 3. Mean values of MDA content in wheat cultivars in 2018 analyzed
using two-factor analysis of variances - ANOVA, followed by Fisher’s multi-range LSD test.
Values marked with different letters in moderate (MT, lower case)
and high air temperature (HT, upper case) differ significantly (p < 0.05).
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Under conditions of heat stress (35.4 °C) among the analyzed wheat cultivars, the
MDA content ranged from 2.908 pmol/g fw (cultivar Talas) to 3.735 umol/g fw (cultivar
Renesansa). Among other cultivars under conditions of heat stress, high MDA content was
observed in cultivars Ratarica (3.450 pumol/g fw), Carica (3.414 umol/g fw), Vlajna (3.403
umol/g fw), Salasar (3.294 pmol/g fw) and Hyfi (3.219 pmol/g fw). Cultivars in which a
slightly lower MDA content was found under heat stress were Futura (3.181 umol/g fw) and
Mila (3.013 pmol/g fw). The cultivar with the lowest MDA content under heat stress was
Talas (2.906 pumol/g fw). The mean value of MDA content under heat stress conditions was
3.258 umol/g fw.

Using the paired t-test, it was shown that there is a highly significant statistical
difference (p < 0.01) between the MDA content under moderate air temperature conditions
compared to the MDA content under heat stress conditions (Tab. 1).

Table 1. Paired t-test of differences in MDA content in conditions of moderate (MT)
and high air temperature (HT).

Paired Differences - 95% Confidence Interval of the Difference
Std. Std. Sig.
Mean  Dev. Err.  Lower Upper df (2-tailed)

MDA MT — -
MDA HT -2.259  .332 074 24150 -2.103 19 .000

MDA MT - MDA content in conditions of moderate air temperature; MDA HT - MDA content in
conditions of high air temperature; Std. Dev. — standard deviation; Std. Err. — standard error; df -
degrees of freedom.

Pair 1

Yield elements

Based on the calculated values of yield and test weight during 2018, the mean value of
yield elements was determined, which is shown in Table 2. In the analyzed wheat cultivars,
the mean vyields ranged from 2970 kg/ha in the cultivar Renesansa to 4630 kg/ha in the



50

cultivar Mila. The cultivar that was characterized by the largest test weight during 2018 was
the Mila cultivar (76.0 kg/hL), while the Renaissance cultivar (62.5 kg/hL) was characterized
by the smallest test weight.

Table 2. Average values of yield elements of 10 wheat cultivars during 2018.

Cultivar Test weight (kg/hL) Yield (kg/ha)

Talas 721+15 3830 +38.2
Carica 73.0+15 3580 + 42.5
Futura 755+1.2 3780 + 82.0
Renesansa 625+1.3 2870 £43.5
Ratarica 643+1.4 3460 + 33.1
Vlajna 754+1.1 3731 +£59.1
Mila 76.0+0.5 4630 + 34.6
Apac 733+1.1 3730 £55.1
Salasar 70.1+15 3350 +102.3
Hyfi 75.2+0.5 3860 + 34.4

Correlation of MDA content with yield elements

For ten wheat cultivars, a correlation was made between the mean values of MDA
content and yield and test weight. A significant (p < 0.05) correlation was observed between
MDA content under high air temperature conditions and yield (Fig. 4a). Pearson's correlation
coefficient of R=-0.646 indicates a significant correlation. In cultivars in which a high content
of MDA was found in conditions of high air temperature, a lower yield was also observed.
Cultivars in which a high content of MDA was found in conditions of high air temperature, a
smaller amount of test weight was also determined (Fig. 4b). Pearson's correlation coefficient
of R=-0.551 indicates a significant correlation.
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Figure 4. Correlation between average values of MDA content and average values of yield (a) and test
weight (b) in high air temperature conditions for 2018. For the given values, statistical analysis was
performed in the SPSS program. Pearson’s correlation coefficient (R) was determined
and significance was tested by p - value.

Based on the obtained results, it was determined that the MDA content increased sta-
tistically significant in the examined cultivars under conditions of high air temperature com-
pared to moderate air temperature. Significant difference in MDA content was found between
the examined wheat cultivars. Significant difference in yield elements was also found between
the examined wheat cultivars. The cultivar with the highest increase in MDA content in con-
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ditions of high air temperature is Renesansa (2.848 pmol/g fw). This cultivar was character-
rized by the lowest yield (2870 kg/ha). The cultivar with the smallest increase in MDA
content in conditions of high air temperature is the cultivar Talas (1800 umol/g fw). In the
case of the Talas cultivar, the yield was significantly higher (3830 kg/ha).

Research conducted by SAvickA and SHKUTE (2010) has shown that long-term stress
caused by high air temperature can lead to oxidative stress and growth inhibition in wheat
cultivars. It was shown that abiotic stress, in addition to oxidative stress, also leads to
numerous damages mediated by lipid peroxidation. Chlorophyll damage occurs (MISHRA and
SINGHAL, 1992; DHYANI et al., 2013), the amount of total chlorophyll decreases (CHAKRA-
BORTY and PRADHAN, 2012), damage to DNA molecule can occur (MARNETT, 1999) as well
as damage to proteins (SALVAYRE et al., 2008). Under conditions of heat stress, among other
things, it was shown that the nutrient reserves are depleted, which leads to plant starvation
(HASANUzzMAN et al., 2013). It was shown that the effect of lipid peroxidation was most
intense in wheat leaves (SAvICKA and SHKUTE, 2010). Considering that leaves are very
important for wheat production (FRIEND, 1965), it is important to find cultivars more resistant
to environmental stress conditions and to reduce the harmful effects of lipid peroxidation.
Maintaining a high yield due to the harmful effects of abiotic factors is becoming an
increasing challenge for modern agriculture (GiLL and TUTEJA, 2010).

In this paper, it was shown that lipid peroxidation has a significant effect on yield
reduction in the examined wheat cultivars. For that reason, it is important to find cultivars that
are more resistant to the harmful effects of heat stress and thus enable higher productivity.
The cultivars that were characterized in this study as more resistant to heat stress with a
higher yield are Talas, Apac¢, Hyfi, Mila and Salasar.

These results suggest that wheat cultivars differ significantly in their ability to respond
to heat stress, which could be useful for the development of heat tolerant wheat cultivars in
breeding programs.
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