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Growth and development of cereals is affected by abiotic factors, particularly by high
temperature. An important factor in plant adaptation to abiotic stress can be the proline
accumulation. Proline is an amino acid involved in a series of metabolic processes and is
important as a protein stabilizer, osmolyte and antioxidant. The aim of this experiment was
to determine the effect of high temperature on the proline content and yield elements in
different cereal varieties during two vegetative seasons. For the investigation, plant
material of 8 genetically divergent winter wheat varieties, 1 variety of triticale and 1 oat
variety were used. Samples were collected in days with moderate midday air temperatures
of 24-26°C in the milk stage and after a few days in the same phenological stage, in
conditions of high midday air temperatures of 34-36°C. Proline accumulation was
determined spectrophotometrically. Statistical analyses of data were done in the SPSS
program. The results during the first experimental year showed that under moderate air
temperature conditions proline content was 0.661 umol g fresh plant, and in the second
experimental year 0.777 pmol g* fresh plant. Under conditions of heat stress during the
first year, the content of proline increased to 2.169 pmol g* fresh plant, and in the second
experimental year the average content was 2.510 umol g fresh plant, which confirms the
increase of proline accumulations under heat stress. Compared with other cereal varieties,
wheat varieties Zvezdana, Pobeda, Simonida and Avenu were characterized by higher
contents of proline in conditions of heat stress in both vegetative seasons. Statistical
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analysis and correlation of the results of proline accumulation and yield elements showed
that more resistant varieties to heat stress conditions have higher yields.
Keywords: proline, heat stress, cereals, yield, genetic variability

INTRODUCTION

Cereals represent an important food and economic resource. A good indicator are
modern nutrition guidelines where cereals are placed as the most important food for everyday
use. The World Health Organization has made recommendations within the CINDI nutrition
guide (the countrywide integrated noncommunicable disease intervention program and the
program for nutrition), according to which cereals and their products are recommended as the
basis for everyday nutrition (RABEN, 2012). In addition to the significant amount of
carbohydrates, proteins and fibers, cereals are also significant due to their mineral composition
(P, K, Fe, Mg, Se, Zn, Mn) and rich vitamins content (B2 - riboflavin, B6 - pyridoxine, B5 -
pantothenic acid, as well as vitamins E, A and in smaller quantities of K) (SINGH et al., 2012).
Cereals and cereal products may also contain a range of bioactive substances and there is an
increasing interest in the potential health benefits that these substances can provide. In addition
to nutritional and economic importance of cereals, the importance of their medicinal properties is
increasingly emphasized in recent times (MALENCIC et al., 2016). Therefore, numerous studies
have examined the impact of cereals on human health, and research has confirmed numerous
positive medical properties (ADOM and LIU, 2002; THOMPSON, 1994). Due to the high importance
of cereals as well as the growth of the human population, it is important to maintain and increase
the production of cereals in order to ensure their quantity is sufficient. In the last decades are
more frequent abiotic factors which negatively affect the production of cereal crops worldwide
(ROY et al., 2011). The amount of all cereals produced is significantly influenced by high
temperature and drought, which could in the future cause major problems (CIAlS et al., 2005;
BARNABAS et al., 2008). The growth and development of plants is influenced particularly by
temperature (PORTER and MoOOT, 1998). Temperatures higher than 35°C reduce the enzyme
activity and significantly limit photosynthesis (GRIFFIN et al., 2004). Due to heat stress, there is
an increase in reactive oxygen species in the plant (hydrogen peroxide, hydroxy radical,
superoxide radical), which cause oxidative damage to many cellular components and structures,
cause metabolic disorders, and can lead to lipid peroxidation (GILL and TUTEJA, 2010). Lipid
peroxidation leads to lipid damage in cell membranes, resulting in cell death and plant damage
(LU and HUANG, 2000). The combined effect of these disorders leads to a decrease in total crop
yields (KUMAR et al., 2002). Plants have developed through evolution mechanisms of protection
against abiotic stress. When the ambient temperature is 5°C higher than the optimal conditions
for the plant, the characteristic set of cell and biochemical processes necessary for surviving the
life functions of plants under high temperature conditions are activated (Guy, 1999). Reduced
normal protein synthesis is triggered and accelerated transcription and translation of heat shock
proteins occurs (BRAY et al., 2000), as well as the production of phytohormones and antioxidants
(MAESTRI et al., 2002). There is also a change in the organization of cellular structures, including
cytoskeleton, organelles, and membrane functions (WEls and BERRY, 1988). An important factor
in the adaptation to heat stress is the accumulation of components with a lower molecular
weight, such as amino acids (SIMON-SARKADI et al., 2006) including proline (KAVI-KISHOR et al.,
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2005). Proline is an amino acid involved in several metabolic processes, although it is important
as a protein stabilizer and osmolyte, it also participates in an antioxidant response as one of the
non-enzymatic antioxidants and helps to remove free radicals (ASHRAF and FOOLAD, 2007).
Proline can stabilize subcellular structures and membranes including photosystem Il (SZABADOS
and SAVOURE, 2010). Proline also acts as a lipid peroxidation inhibitor. In normal physiological
conditions, the proline makes up less than 5% of the free amino acids in the plant, while this
amount due to stress can increase to over 80% (VERBRUGGEN and HERMANS, 2008). In the
upcoming period, a trend of temperature rise is predicted (NELSON et al., 2010), so its impact will
be significant and can lead to a decrease in cereals yield in the next decade (WHEELER and
BRAUN, 2013). For this reason, it is important to find cereal varieties adapted to the conditions of
heat stress, in order to ensure production and provide enough food in the future.

The aim of this study was to determine the effect of high air temperature on the content
of proline and yield traits in the different wheat, triticale and oat varieties during the two
vegetation seasons (2017 and 2018) and to determine if there is a correlation between the
accumulation of proline and the yield traits in different cereals varieties. To compare different
varieties of cereals according to proline content, as well as to determine in which cereal varieties
the highest increase of proline in the conditions of high air temperature occurred compared to
moderate air temperature conditions, in order to distinguish them as varieties that are more
resistant to conditions of abiotic stress.

MATERIAL AND METHODS

Plant material and field data

For research, plant material of 8 genetically divergent wheat varieties (Simonida,
Zvezdana, Pobeda, NS40S, Nikol, Avenu, Ortegus, Hystar), 1 variety of triticale (Odisej) and 1
oat variety (Jadar) were used. The varieties used in the experiment were planted on the
experimental field of the Agricultural Station in Kraljevo (43°4726"N; 20°38'07"E) on the
meadow-valley black soil type. Sowing was done at the end of October 2016 and 2017. Leaf
samples used for the analyzes were collected from the experimental field in midday (11-12 h) in
June 2017 and June 2018. Samples were collected in days with moderate midday air
temperatures of 24-26°C (samples were collected after a few days with air temperatures below
27°C), and after a few days in conditions of high midday air temperatures of 34-36°C (samples
were collected after a few days with air temperatures exceeding 30°C). The timing of leaf
gathering between moderate and high air temperatures was 6-8 days. The flag leaves of the
sampled cereal varieties were used for the analysis.

Meteorological conditions

Meteorological conditions during the two vegetative seasons are shown in Table 1.
During the January/June period the average air temperature values were 9.9°C during the first
and 11.3°C during the second year of the experiment. During the second season, precipitation
was more abundant with a sum of 537.4 mm compared to the first season, where it was 353.3
mm. During the phenological phase of milking development when samples were collected, the
average air temperature was higher during the second season (19.9°C) compared to the first
season (19.2°C).
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Table 1. Monthly and average air temperatures and monthly and cumulative values of precipitation during
vegetative seasons

Period January February March April May Jun Average Sum
Temperature, °C

2017 -5 4.5 10.3 11.2 16.2 22.2 9.9 59.4

2018 2.7 1.9 6.5 16.6 19 20.8 11.3 67.5
Precipitation, mm

2017 22.1 35.3 57.7 82.1 99.9 56.2 58.9 353.3

2018 51 80.9 111.2 40.6 84.4 169.3 89.6 537.4

Proline determination

The content of the proline was determined spectrophotometrically according to the
method described by BATES et al. (1973). The plant tissue was homogenized with a solution of
3% sulfosalicylic acid. The ninhydrin reagent and glacial acetic acid were added after filtration.
Incubation was carried out at 100°C for 1h. The reaction was terminated by transferring tubes to
ice, followed by addition of toluene. After separation of the toluene layer from the aqueous
phase, the toluene layer with the proline was separated, transferred to the cuvette, and
spectrophotometrically measured the absorbance at a wavelength of 520 nm. As a blank, pure
toluene was used. The proline concentration was determined from the standard curve prepared
with known proline concentrations, in the same manner as the sample. Results for content of
proline of analyzed wheat, oat and triticale varieties were obtained by reading the absorbance at
spectrophotometer (1=520 nm) for each of the three test tubes.

Yield associated traits

Harvest of wheat in the experimental field was performed at the stage of full maturity in
late June and early July 2017 and 2018, respectively. After harvest, the weight of dry grain and
grain number per spike were measured. Yield traits were determined on a plant sample collected
from an area of 1 m? in three repetitions with standard methods (KALUDERSKI and FILIPOVIC,
1998).

Statistical analysis

Statistical analysis of data was performed using the SPSS program (IBM SPSS
Statistics, Version 20, Inc. 1989-2011, USA). Proline concentrations were subjected to a two-
factor analysis of variance (ANOVA) with variety and temperature as factors, followed by a
Fisher’s LSD multiple-range test at the significance level p < 0.05. The analysis of the
correlation between proline accumulation and yield traits with the degree of significance of p <
0.05 was performed. The obtained values of proline concentration were subjected to a paired t-
test with a significance level p < 0.05 (Figure 3).

RESULTS
Proline content in June 2017
In the analyzed cereal varieties under moderate air temperature (MT) conditions (24°C)
in June 2017, the proline content ranged from 0.089 pmol g* (oat variety Jadar) to 0.947 umol g°
1 of fresh plant (fp) (wheat variety Zvezdana) (Figure 1). High proline contents under MT
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conditions were found in the wheat variety Pobeda (0.936 pmol g** fp), Ortegus (0.856 pmol g*
fp) and Simonida (0.854 umol g* fp). Varieties in which lower proline content was found under
conditions of MT are wheat variety Avenu (0.679 umol g fp) and triticale variety Odisej (0.660
pumol g fp). Low proline content in MT conditions was observed in varieties of wheat Hystar,
NS40S and Nikol. Average proline content in the conditions of MT in June 2017 was 0.661 umol

g fp.
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Figure 1. Proline content in leaves of 10 cereal varieties, after exposure to high (34°C) or moderate (24°C)
air temperatures in June 2017, expressed in umol g fresh plants. MT moderate air temperature,
HT high air temperature.

Under conditions of high air temperature (HT) (34°C) in June 2017, in analyzed cereal
varieties, the proline content ranged from 0.332 umol g* fp to 3.267 pmol g* fp. The highest
proline content among analyzed cereal varieties under HT conditions was found in wheat variety
Zvezdana, with a content of 3.267 umol g fp, while the lowest content of proline was found in
oat variety Jadar with the content of 0.332 umol g fp. In other analyzed cereal varieties in
conditions of HT, high content of proline was observed in the wheat varieties Pobeda (3.192
umol g fp), Avenu (2.845 umol g fp) and Simonida (2.772 umol g* fp). Varieties in which
lower proline content was found under conditions of HT are wheat varieties NS40S (2.337 pmol
g* fp), Hystar (2.264 umol g fp) and Nicole (2.105 umol g* fp). Low proline content in HT
conditions was observed in triticale variety Odisej and wheat variety Ortegus. Average proline
content in the conditions of HT in June 2017 was 2.169 umol g™* fp.
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Proline content in June 2018

In the analyzed cereal varieties under MT conditions (26°C) in June 2018, the proline
content ranged from 0.258 umol g (oat variety Jadar) to 1.046 umol g* fresh plant (fp) (wheat
variety Zvezdana). High proline contents under MT conditions were found in wheat variety
Pobeda (1.016 pmol g fp) and Simonida (0.953 pmol g* fp). Varieties in which lower proline
content was found under conditions of MT are wheat variety Ortegus (0.887 umol g fp), Avenu
(0.836 umol g* fp) and triticale variety Odisej (0.812 pumol g fp). Low proline content in MT
conditions was observed in varieties of wheat Hystar, NS40S and Nikol. Average proline content
in the conditions of MT in June 2018 was 0.777 umol g fp (Figure 2).
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Figure 2. Proline content in leaves of 10 cereal varieties, after exposure to high (36°C) or moderate (26°C)
air temperatures in June 2018, expressed in umol g fresh plants. MT moderate air temperature,
HT high air temperature.

Under conditions of HT (35°C) in June 2018, in analyzed cereal varieties, the proline
content ranged from 0.812 umol g? fp to 3.754 pmol g? fp. The highest proline content among
analyzed cereal varieties under HT conditions was found in wheat variety Zvezdana, with a
content of 3.754 umol g fp, while the lowest content of proline was found in oat variety Jadar
with the content of 0.812 pmol g* fp. In other analyzed cereal varieties in conditions of HT, high
content of proline was observed in the wheat varieties Pobeda (3.294 pumol g* fp), Avenu (3.169
pumol g? fp) and Simonida (2.974 umol g* fp). Varieties in which lower proline content was
found under conditions of HT are wheat varieties Hystar (2.611 umol g’* fp), Nicole (2.555 pumol
g fp) and NS40S (2.514 umol g* fp). Low proline content in HT conditions was observed in
triticale variety Odisej and wheat variety Ortegus. Average proline content in the conditions of
HT in June 2018 was 2.510 umol g fp.
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After exposure to high (34-36°C) or moderate (24-26°C) air temperatures in June 2017
and June 2018, average value of proline content in leaves of 10 cereal varieties were calculated.
Data obtained for the varieties were compared and analyzed by two-factor ANOVA, followed by
the Fisher’s LSD multiple-range test at significance level p < 0.05 (Figure 3).
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Figure 3. The average value of proline content in leaves of 10 cereal varieties, after exposure to high (34-
36°C) or moderate (24-26°C) air temperatures in June 2017 and June 2018, expressed in umol g
fresh plants. Data were analyzed by two-factor ANOVA, followed by the Fisher’s LSD multiple-
range test. Means labeled with different letters in the conditions of heat stress (uppercase letters) and
in moderate temperature conditions (lowercase letters) are significantly different (p < 0.05). MT
moderate air temperature, HT high air temperature.

In conditions of MT the obtained values of proline concentration (Figure 3) were
subjected to a two-factor analysis of variance (ANOVA test) with variety and temperature as
factors, followed by a Fisher’s LSD multiple-range test at the significance level p < 0.05.
Significant difference wasn’t found between wheat varieties Simonida, Zvezdana and Pobeda.
Significant difference (p < 0.05) was found between wheat varieties Simonida, Zvezdana and
Pobeda compared to wheat varieties NS40S, Nicole, Hystar and oat variety Jadar. Wheat
varieties Avenu, Ortegus and triticale variety Odisej was significantly different (p < 0.05) only
from oat variety Jadar. Significant difference wasn’t found between wheat varieties NS40S,
Nicole and Hystar. Proline content in conditions of MT in oat variety Jadar was significantly
differed to all analyzed cereal varieties (Table 2).
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Table 2. Analyze of variance for contents of proline under moderate air temperature conditions

Sum of Squares df Mean Square F Sig.
Between Groups 1.096 9 122 15.650 .0051
Within Groups .078 10 .008 - -
Total 1.173 19 - - -

The obtained values of proline concentration were subjected to a two-factor analysis of variance (ANOVA test) with
variety and temperature as factors, followed by a Fisher’s LSD multiple-range test at the significance level p <0.05.

In conditions of HT the obtained values of proline concentration were subjected to a
two-factor analysis of variance (ANOVA test) with variety and temperature as factors, followed
by a Fisher’s LSD multiple-range test at the significance level p < 0.05 (Table 3). Significant
difference wasn’t found between wheat varieties Zvezdana, Pobeda and Avenu. A significant
difference (p < 0.05) was found between wheat varieties Zvezdana, Pobeda and Avenu compared
to wheat varieties NS40S, Nikol, Hystar, Ortegus, triticale variety Odisej and oat variety Jadar.
Wheat variety Simonida was significantly different (p < 0.05) compared to wheat variety
Ortegus, triticale variety Odisej and oat variety Jadar. Significant difference wasn’t found
between wheat varieties NS40S, Nicole and Hystar. Significant difference wasn’t found between
wheat variety Ortegus and triticale variety Odisej. Significant difference (p < 0.05) was found
between varieties Ortegus and Odisej compared to all analyzed cereal varieties. Proline content
under conditions of HT in oat variety Jadar was significantly different (p < 0.05) compared to all
analyzed cereal varieties (Figure 3).

Table 3. Analyze of variance for contents of proline under high air temperature conditions

Sum of Squares df Mean Square F Sig.
Between Groups 14.981 9 1.665 24.860 .0052
Within Groups .670 10 .067 - -
Total 15.651 19 - - -

The obtained values of proline concentration were subjected to a two-factor analysis of variance (ANOVA test) with
variety and temperature as factors, followed by a Fisher’s LSD multiple-range test at the significance level p <0.05

Proline contents were subjected to a paired t test with variety and temperature as
factors, at the significance level p < 0.05. Using paired t test, proline content under conditions of
MT was compared to proline content under conditions of HT. Significant difference (p < 0.05)
was found between proline content under MT conditions and proline content under HT
conditions (Figure 3, Table 4, Table 5).

Table 4. Paired Samples Test

Paired Differences t df  Sig. (2-tailed)
Std. Std. Error 95% Confidence Interval of
Deviation Mean the Difference
Lower Upper
Pair 1 MT - HT 75240 .23793 -2.15823 -1.08177 -6.809 9 .005

MT - proline concentration under moderate air temperature; HT - proline concentration under high air temperature
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Table 5. Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
] MT 7101 10 .24670 .07801
Pair 1 HT 2.3391 10 91242 .28853

MT - proline concentration under moderate air temperature; HT - proline concentration under high air temperature

The highest accumulation of proline in both seasons, in conditions of HT compared to
MT conditions, was observed in wheat variety Zvezdana (2.514 pmol g* fp), while the lowest
accumulation was observed in oat variety Jadar (0.399 pmol g fp). A higher increase in the
content of proline in conditions of HT compared to MT was observed in wheat variety Pobeda
(2.267 pumol g fp), Avenu (2.250 pumol g? fp) and Simonida (1.970 pmol g fp). Lower
accumulation of proline was observed in wheat variety Hystar (1.832 pmol g fp), NS40S (1.825
umol g? fp) and Nicole (1.756 umol g* fp). Low accumulation of proline was observed in
triticale variety Odisej and wheat variety Ortegus (Figure 4).
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Figure 4. Average accumulation of proline in conditions of high air temperatures compared to moderate air
temperatures in June 2017 and June 2018.

Yield traits

Based on the determined weight of dry grain (WDG) and grains number per spike
(GNS) in 2017 and 2018, the average value of yield traits was calculated. In the analyzed cereal
varieties, the average WDG ranged from 1.29 g in the Jadar variety to 2.47 g in the Zvezdana
variety. Higher WDG was also observed in varieties Nikol (2.31 g) and Pobeda (2.14 g). The
highest grain number per spike was observed in the Nikol variety (47.2). A larger grain number
per spike was observed in the Avenu variety (45.5), Hystar (45.3) and Zvezdana variety (44.7),
while the smallest grain number per spike was observed in the Ortegus variety (36.5) (Table 6).
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Table 6. Average values of yield traits of ten cereal varieties from two consecutive years (2017 and 2018)

Variety GNS WDS

Simonida 442+35 1.78+0.1
Zvezdana 447+1.3 247+0.1
Pobeda 443+37 214+03
NS40S 425+35 1.67+0.2
Nikol 472+28 231+03
Avenu 455+45 1.65+0.2
Ortegus 36.5+0.5 149+0.1
Hystar 453+0.7 1.90+0.2
Odisej 41040 1.82+0.1
Jadar 43.0+20 1.29+0.2

WDG - weight of dry grain; GNS - grain number per spike; + standard error of mean.

Correlation between proline accumulation and yield traits

For the ten cereal varieties, average proline accumulation was correlated with average
weight of dry grain and average grain number per spike under HT conditions during 2017 and
2018 (two-year average).

A significant (p < 0.05) correlation was observed between proline accumulation under
HT conditions and WDG (Figure 5A). Pearson's correlation coefficient of R = 0.696 indicates a
significant correlation. In varieties with a higher proline accumulation under HT conditions
compared to MT conditions, a higher WDG was also observed. Correlation was also observed
between proline accumulation and GNS, with statistical significance (p < 0.05) and with
Pearson’s correlation coefficient of R = 686 (Figure 5B).
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Figure 5. Correlation between average proline accumulation and average weight of dry grain (A), and grain
number per spike (B) under high temperature conditions in 2017 and 2018. For the given values,
statistical analysis was performed in the SPSS program. Pearson's correlation coefficient (R) was
determined and significance tested by p-value.
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DISCUSSION

In this study the effect of high air temperature on the content of proline in the different
wheat, triticale, and oat varieties during the two vegetation seasons (2017 and 2018) was
investigated in field experiment. In conditions of HT compared to MT conditions, accumulation
of proline occurred in analyzed cereal varieties. Obtained results shown statistically significant
(p < 0.05) increase in proline content under HT conditions compared to MT conditions. KHAN et
al. (2013) also shown that proline content under heat stress conditions was increased by 84.7%
compared to control. AHMED and HASAN (2011) have shown that heat tolerant wheat varieties
have higher content of proline, compared to heat sensitive wheat varieties. The average value of
proline in heat tolerant wheat in conditions of stress was 1.953 pmol g fp, while the average
value of proline in heat sensitive wheat under stress conditions was 1.535 pmol g* fp. Compared
to research of AHMED and HASAN (2011), results from current study shown that in investigated
cereal varieties content of proline was higher under HT conditions. Average proline content
during the first experimental year under conditions of MT was 0.661 pmol g? fp, while in the
conditions of HT the average proline content increased to 2.169 umol g* fp, which is an increase
of 1.507 umol g fp. Average proline content during the second experimental year under
conditions of MT was 0.777 pmol g? fp, while in conditions of HT average proline content
increased to 2.510 umol g fp, which is an increase of 1.732 umol g fp. The obtained results
indicate that high temperature leads to an increase in proline accumulation in cereals. Higher
proline values during the second year of the experiment can be associated with higher air
temperatures during the vegetation season compared to the first experimental year (Table 1).
Varieties that were characterized with higher proline accumulation in HT conditions was also
characterized with higher WDG and GNS. Among the analyzed cereal varieties, results showed
that wheat varieties are characterized by higher content of proline in moderate air temperature
conditions as well as under conditions of high air temperature, compared with the content of
proline in triticale and oat varieties. Many studies have shown positive effect of proline on plant
metabolism and its protective role from abiotic stress in different plant spaces (VERBRUGGEN and
HERMANS, 2008). Proline proved to be a good protein stabilizer, osmolyte (B0OZORGMEHR and
MONHEMI, 2015), participates in an antioxidant response as one of the non-enzymatic
antioxidants (KUMAR et al., 2002). Proline also represents a lipid peroxidation inhibitor (JAIN et
al., 2001). wAHID et al. (2007) has shown that as a result of heat stress, proline accumulation
occurs as a protective mechanism in plants. To maintain a higher yield in conditions abiotic
stress is becoming an increasing challenge for modern agriculture (GILL and TUTEJA, 2010).
Considering the important role of proline, it is important to find varieties of cereals with higher
proline content which are potentially more resistant to stressful conditions.

CONCLUSIONS
This study shows that high air temperatures led to the accumulation of proline in
statistically significant concentrations in analyzed cereal varieties and that the proline could
represent one of the mechanisms of cereal protection from stress caused by high air
temperatures. Variation in the values of proline and yield associated traits among analyzed
varieties showed differences in the adaptive response to heat stress. The results from June 2017
and June 2018 showed that among the analyzed cereal varieties, wheat varieties Zvezdana,
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Pobeda, Simonida and Avenu are characterized by higher contents of proline in conditions of
moderate air temperature and in conditions of high air temperature, compared with the content of
proline in other analyzed cereals. The highest increase in proline in both seasons, under
conditions of high air temperature compared to moderate air temperature, was observed in the
wheat variety Zvezdana. Statistically significant correlation between yield associated traits
(WDG and GNS) and proline content shown that varieties with higher proline content have also
higher yield. Varieties with higher proline content are considered as varieties that are potentially
more resistant to heat stress.
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Izvod

Na rast i razvoj zitarica uticu abioti¢ki faktori, naroCito visoka temperatura. Bitan faktor u
biljnom prilagodavanju na abioticki stres moZe predstavljati akumulacija prolina. Prolin je
aminokiselina uklju¢ena u niz metaboli¢kih procesa i vazna je kao stabilizator proteina, osmolit i
antioksidans. Cilj ovog rada bio je da se utvrdi uticaj visoke temperature na sadrzaj prolina i
elemente prinosa u razli¢itim sortama Zitarica tokom dve vegetacione sezone. Za istraZivanje je
koris¢en biljni materijal 8 geneticki divergentnih sorti ozime pSenice, 1 sorta pSenorazi i 1 sorta
ovsa. Uzorci su prikupljeni u danima sa umerenom podnevhom temperaturom vazduha od 24-
26°C u fazi mlecnog sazrevanja i nakon nekoliko dana u istoj fenoloskoj fazi, u uslovima visoke
podnevne temperature vazduha od 34-36°C. Akumulacija prolina odredena je
spektrofotometrijski. Statisticka analiza podataka je uradena u SPSS programu. Rezultati u toku
prve eksperimentalne godine pokazali su da je pri umerenoj temperaturi vazduha prose¢ni
sadrzaj prolina iznosio 0,661 pmol g? sveZe biljke (sb), a druge eksperimentalne godine 0,777
umol g sh. U uslovima toplotnog stresa u toku prve godine proseéni sadrzaj prolina porastao je
na 2,169 umol g* sb, a u drugoj eksperimentalnoj godini proseéan sadrZaj prolina je iznosio
2,510 pmol g* sh, $to potvrduje porast akumulacije prolina u uslovima toplotnog stresa. U
poredenju sa ostalim sortama zitarica, sorte pSenice Zvezdana, Pobeda, Simonida i Avenu
karakterisale su se veéim sadrzajem prolina u uslovima toplotnog stresa u obe vegetacione
sezone. Statisti¢ka analiza i korelacija rezultata akumulacije prolina i elemenata prinosa pokazala
je da otpornije sorte na uslove toplotnog stresa imaju veci prinos.
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