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Proline is one of the organic osmolytes that accumulates in plants in response to
stressful environmental conditions. The aim of this study was to determine the
concentration of proline in the grain filling phase in ten winter wheat cultivars
under conditions of prolonged periods of air temperatures above 30°C and to as-
sess the variability of wheat variety responses. The correlation between proline ac-
cumulation and photosynthetic pigments, accumulated starch and yield was also
determined. In the experimental field, flag leaves were sampled for each variety
in the grain filling phase. Statistical data analysis and parameter correlation were
performed using the SPSS program. The results showed that there is a statistically
significant difference between proline values in moderate and high air tempera-
ture conditions when proline accumulation occurs. The significant correlation of
accumulated starch content and yield with proline concentration showed that in
addition to higher proline values under heat stress, wheat varieties Apa¢, Talas and
Futura also have higher yield and starch content. A correlation was also found be-
tween proline concentration and photosynthetic pigment contents, where the Apac
wheat variety showed the best adaptive response to the investigated traits and was
characterized by a smaller reduction in photosynthetic pigment content under heat
stress. The interrelation of proline with the photosynthetic pigment content and
wheat quality parameters may be important in breeding technologies aimed at im-
proving wheat stress tolerance.
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INTRODUCTION

Heat stress, as a complex function of intensity, duration
and increase in air temperature, causes various and often
adverse changes in plant growth and development, physi-
ological processes, and yield (HASANUZZAMAN et al. 2013;
LipiEc et al. 2013; SIDDIQUE et al. 2018). Wheat (Triticum
aestivum L.), the grain culture of the continental climate,
is cultivated all over the world today and over 70% of the
world’s population is fed wheat bread (SUTAR-KAPASHIKAR
et al. 2018). Annual global wheat production today stands
at over 720 million tons and in order to provide food for
the world’s rapidly growing population, wheat production

needs to be increased (FAROOQ et al. 2014; THAMMANA et
al. 2016; ZHAO et al. 2017). However, increased tempera-
ture is one of the most important environmental factors
that reduce crop yield around the world (SippIQU et al.
2018). Meteorological records show that the average an-
nual temperature has risen by 1°C in those areas where
wheat has been grown for centuries and is expected to rise
even further. The annual global temperature is rising and
an increase of 1.8 - 4.0°C is predicted by the end of the
21% century (Brta & GERATs 2013; FAroOQ et al. 2017).
According to ZHAO et al. (2017), with each degree Celsi-
us increase in temperature the estimated average loss for
wheat is 6.0 £ 2.9% of global yield. Heat stress adversely
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affects the entire life cycle of a wheat plant, including the
vegetative and reproductive period, and in addition, also
affects the plant height, leaf and stem mass, number of
grains, their weight and size (HAsAN et al. 2007; AHAMED
et al. 2010). Heat stress in the early stages of reproductive
development (meiosis in pollen stem cells) causes pollen
sterility, leading to fewer grains (FABIAN et al. 2019). High
temperature, apart from morphological, also causes phys-
iological, biochemical, and molecular changes in plants
(HASANUZZAMAN et al. 2013; STIKIC et al. 2014; DjuKIC et
al. 2019). Daily temperatures above 30°C can cause dam-
age to plants at the molecular level, denaturation and ag-
gregation of many proteins, cell membrane injuries (Fu et
al. 2008), degrade chlorophyll and reduce photosynthetic
capacity (MoMCILOVIC et al. 2016; REHMAN et al. 2016).
Thylakoid membranes are particularly sensitive to high
temperatures. Heat stress causes major changes in chloro-
plasts such as altered thylakoid structural organization and
an imbalance in photosystem activity. It also disrupts the
photosynthetic reactions of electron transport and leads
to increased oxidative stress, thus creating an excess of re-
active oxygen species (ROS) (TEwaR! & TRIPATHY 1998;
PHANIENDRA ef al. 2015). The main role of chloroplast pig-
ments is the absorption of light and its transformation into
chemical energy, which in part accumulates in the form of
transient starch within the chloroplast. Wheat grains can
contain up to 70% starch. In the experiment carried out
by ZANELLA et al. (2016), the connection between starch
content and proline synthesis under conditions of osmotic
stress was investigated. Their conclusion was that the car-
bon released during starch degradation supports the bio-
synthesis of proline which is involved in plant response to
osmotic stress. Other authors have also examined the asso-
ciation between starch content and proline accumulation
under stress conditions (MOHAMMADKHANI & HEIDARI
2008; BAHAJI et al. 2014; ANJORIN et al. 2016). Research
has confirmed that under stress conditions, plants need a
supply of sugar as well as NADPH and ATP for the ac-
cumulation of free proline (MEENA et al. 2019). Research
has shown that the accumulation of proline is one of the
best strategies for maintaining the productivity of cereals,
because it acts as an osmoregulatory compound (HAYAT
et al. 2012). Proline is a protein stabilizer and antioxidant
that controls free radical levels by stabilizing enzymes to
remove them (HOQUE et al. 2008). By increasing proline
content to 80% of the total amino acid composition, the
plant tries to maintain homeostasis for as long as possi-
ble under stress conditions, that is, the stable physiological
conditions necessary for metabolic processes (MATYSIK
et al. 2002). Proline synthesis contributes to the osmot-
ic regulation of the cytoplasm as it increases acidity and
positively influences the corresponding NADP*/NADPH
ratio (SZEKELY et al. 2008; SzABADOS & SAVOURE 2010).
The proline metabolic cycle has been found to increase
NADPH oxidation in many plants, thereby enhancing
the oxidative pentose phosphate pathway that would sup-

port purine nucleotide biosynthesis during stress recovery
(L1ANG et al. 2013). What is also important is the role of
proline as a reservoir of carbon and nitrogen, and one of
the key amino acids involved in pollen vitality and fertility
(Brancucci et al. 2015; SIDDIQUE et al. 2018).
Considering the established role of proline in plant
adaptation to conditions of abiotic stress, the aim of our
research was to evaluate the variability of the reaction of
the analysed wheat cultivars in conditions of prolonged air
temperature above 30°C and to mutually correlate the pa-
rameters of adaptive responses: the accumulation of pro-
line with photosynthetic pigments, starch and grain yield.

MATERIAL AND METHODS

Experimental conditions and plant material. Ten winter
wheat cultivars (Triticum aestivum L.): Talas, Carica, Fu-
tura, Renesansa, Ratarica, Vlajna, Mila, Apac¢, Salasar and
Hyfi, were used in the experiment which was conducted
in the experimental field of the Agricultural Advisory Ex-
tension Service in Kraljevo (N 43°4723.2", E 20°32'04.6")
during the 2017/18 growing season. The varieties origi-
nate from the gene bank collection of Field and Vegetable
Crops in Novi Sad, and from AS Hybrids in Belgrade. The
wheat varieties were sown in a randomized block design.
Within the block, each variety was sown on an experimen-
tal plot of 10 m? The sowing density was 500 kernels per
m?’. The soil type was meadow black and the preceding
crop was corn. An agrochemical analysis of the soil was
done and based on the chemical composition and avail-
able content of phosphorus, potassium and nitrogen, an
NPK mineral fertilizer was applied (15:15:15). The proline
accumulation study of the wheat leaves was performed in
three replications. Three wheat leaves per sample were col-
lected in the experimental field. The sampling was done at
one week intervals. Samples were collected on days with
moderate midday air temperatures of 24-26°C (after a few
days with air temperatures below 27°C). After several days
of high air temperatures in the experimental field (above
30°C - heat stress conditions), samples were then collect-
ed on days with high midday air temperatures of 34-35°C.
Sampling was carried out in the grain filling stage, when
the cereal is the most sensitive in the field conditions. The
collected leaves were immediately frozen in liquid nitro-
gen and preserved at -80°C. Mixed homogeneous leaf
samples were made in the laboratory for the analysis of
each species separately.

Climatic conditions. The meteorological parameters for
the key stages of the experiment for the 2018 crop cycle
and the data on minimum and maximum daily temper-
atures and daily precipitation amounts were obtained
from the Republic Hydrometeorological Service of Serbia
(RHMZS) for the Kraljevo. The climatic conditions during
the growing season are shown in Table 1. During the Jan-
uary to June period, the average temperature was 11.3°C.



Table 1. Monthly and average air temperatures and monthly and cumulative values of precipitation during vegetative seasons.
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Period January February March April May June Average Sum
Temperature (°C)
2018 2.7 1.9 6.5 16.6 19 20.8 11.3 67.5
Precipitation (mm)
2018 51 80.9 111.2 40.6 84.4 169.3 89.6 537.4

Based on RHMZS data, 2018 was the warmest year since
1951. The total precipitation for 2018 was 537.4 mm.

Proline concentration analysis. The determination of
proline content in the wheat leaves was done by means of
the spectrophotometric method, as proposed by BATES et
al. (1973), based on the reaction of ninhydrin with the ex-
tracted proline to produce a color whose intensity is pro-
portional to the concentration of proline in the sample.
Based on the prepared standard proline solutions, a cali-
bration curve for proline determination was drawn (the
range of concentrations from 1 to 10 umol of proline). The
proline concentration in the treated wheat varieties under
conditions of moderate air temperature (control condi-
tions) and high air temperature (heat stress) is expressed
in umol/g fresh weight (fw).

Analysis of photosynthetic pigment content. Photosyn-
thetic pigment extraction was performed using acetone.
During homogenization, a small amount of MgCO, was
added to prevent acidification of the solution. The absorb-
ance of the photosynthetic pigments was determined spec-
trophotometrically, at wavelengths of 662 nm, 644 nm and
440 nm (Metash UV/VIS 5100B; Metash instrument Co.,
Ltd). The content of chlorophyll a, chlorophyll b and carot-
enoids was calculated using the formula of HoLm (1954)
and WETSTEIN (1957) and expressed in mg/g fw.

Wheat quality components. The wheat in the experimen-
tal field was harvested at the full maturity stage in late June
and early July of 2018. After harvest, the yield and starch
concentration were assessed. Yield (t/ha) was determined
on a plant sample collected from an area of 1 m? in three
repetitions with standard methods. The determination of
starch concentration in the wheat samples was performed
by the spectrophotometric method according to HANSEN
& MOLLER (1975). Based on the prepared standard starch
solutions, a calibration curve was prepared to determine the
starch concentration. The absorbance was read at a wave-
length of 630 nm. The starch concentration is expressed as a
percentage of the dry weight of the plant material.

Statistical data analysis. The statistical analysis of the
data was carried out using the SPSS program (IBM SPSS

Statistics, Version 20, Inc. 1989-2011, USA). The ob-
tained values of proline concentration and photosynthetic
pigment content were subjected to a paired t-test with a
significance level of p < 0.05 and a two-factor analysis of
variance (ANOVA test) with variety and temperature as
factors, followed by Fisher’s LSD multiple-range test at the
significance level of p < 0.05. The obtained proline con-
centration values were correlated with the obtained values
of wheat quality components and photosynthetic pigment
content with a significance level of p < 0.05.

RESULTS

Proline concentration. The results of the study showed
that the concentration of proline in the wheat varieties
varied in the range of 0.445 umol/g fw to 1.034 pmol/g
fw at moderate air temperature conditions (MT), while
at high air temperatures (HT) the proline concentration
ranged from 1.991 umol/g fw to 3.036 umol/g fw (Fig. 1).
The highest concentration of proline under HT conditions
was found in the Apac variety (3.036 umol/g fw), while
the lowest proline concentration was observed in the Re-

w
n
S

E E E

=304 D D D cD
é B C (63

£ 2,50 -

o A

S 2,00

£

= 1,50

53 e € e

g de

g 1,00 { € z ‘I’ cd c X = o

5 = b © M
£ 0,50 T o
g

ay

MT =HT

Fig 1. The average value of proline content in the leaves of 10
wheat varieties after exposure to high (35°C) or moderate (26°C)
air temperatures expressed in pumol/g fw. The data were analyzed by
two-factor ANOVA, followed by Fisher’s LSD multiple-range test.
The means labeled with different letters in conditions of heat stress
(uppercase letters) and in moderate temperature conditions (lower-
case letters) are significantly different (p < 0.05). MT- moderate air
temperature, HT- high air temperature.
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Table 2. Analysis of variance for proline content under moderate air temperature conditions.

Sum of Squares df Mean Square F Sig.
Between Groups 1.073 9 0.119 32.977 0.0053
Within Groups 0.072 20 0.004 - -
Total 1.146 29 - - -

The obtained values of proline concentration (Fig. 1) were subjected to two-factor analysis of variance (ANOVA test) with variety and
temperature as factors, followed by Fisher’s LSD multiple-range test at significance level p < 0.05.

Table 3. Analysis of variance for proline content under high air temperature conditions.

Sum of Squares df Mean Square F Sig.
Between Groups 2.785 9 0.309 34.829 0.0051
Within Groups 0.178 20 0.009 - -
Total 2.962 29 - - -

The obtained values of proline concentration (Fig. 1) were subjected to two-factor analysis of variance (ANOVA test) with variety and
temperature as factors, followed by Fisher’s LSD multiple-range test at significance level p < 0.05.

Table 4. Mean content of photosynthetic pigments (mg/g fw) in the flag leaves of ten wheat varieties grown in the experimental field under
moderate and high air temperatures.

Moderate air temperature (26°C) High air temperature (35°C)

Variety Chla Chlb Caro Chla Chlb Caro

Talas 2.73 £0.05 1.20 + 0.09 0.85+0.05 1.46 +0.5 0.80 +0.09 0.54 +0.02
Carica 340+0.13 1.36 + 0.07 1.07 £ 0.08 1.04 £ 0.04 0.66 + 0.06 0.67 £0.07
Futura 2.81+0.05 1.14£0.03 1.15+0.07 1.25+0.08 0.58 £0.09 0.47 £ 0.06
Renesansa 1.87 £ 0.06 0.85 +0.02 0.79 £ 0.03 0.10 = 0.008 0.18 +0.03 0.03 +0.006
Ratarica 4.07 £ 0.07 1.71 £ 0.09 1.29+0.10 0.15+0.01 0.33 £0.04 0.01 +£0.003
Vlajna 370+ 0.17 1.60 £ 0.07 1.25+£0.03 0.17 £ 0.005 0.25+0.03 0.01 £0.001
Mila 248 +0.12 1.23+£0.03 0.90+£0.01 0.71+£0.03 0.44 + 0.04 0.32+£0.01
Apac 2.20 £ 0.05 0.96 +0.06 0.82 +£0.03 1.95 +0.09 0.83 £0.02 1.07 £0.11
Salasar 3.50+0.16 1.40 + 0.09 1.17 £ 0.10 1.04 £0.16 0.59 £0.03 0.61 £0.01
Hyfi 1.26 £0.03 0.41 £ 0.008 0.61 +£0.01 0.43 +0.03 0.21 £0.02 0.34+0.01

Chl - chlorophyll; Caro - carotenoids; + standard error of mean.

Table 5. Paired t-test of photosynthetic pigments in the flag leaves of 10 wheat varieties grown in the experimental field under conditions of
moderate (26°C) and high (35°C) air temperatures.

Mean Std. Deviation Std. Error Mean t df Sig. (2-tailed)
Pair 1 Chla MT - Chla HT 1.97200 1.13648 .35939 5.487 .000
Pair 2 Chl b MT - Chl b HT .69900 42038 .13294 5.258 .001
Pair 3 Caro MT - Caro HT .58300 45444 14371 4.057 .003

Chl - chlorophyll; Caro - Carotenoids; MT - Moderate air temperature; HT - High air temperature.
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° Fig. 2. Correlations between the
proline concentration and the content
of chlorophyll a (a), chlorophyll b

(b) and carotenoids (c¢) under HT
conditions.
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Fig. 3. Starch concentration in the analyzed wheat varieties under
conditions of high air temperature expressed as a percentage of the
dry weight of plant material.

naissance variety (1.991 pumol/g fw). The mean concen-
tration of proline under MT conditions was 0.784 umol/g
fw, while the mean value of proline concentration in the
samples exposed to HT was 2.657 umol/g fw. The varieties
exposed to HT had significantly higher proline concentra-
tions in the leaves than those in MT conditions. The aver-
age proline concentration at HT compared to MT in the 10
wheat varieties increased by 1.873 umol/g fw. The highest
increase was observed in the Hyfi (2.290 umol/g fw) and
Apac (2.055 pmol/g fw) varieties.

The average values of proline content in the leaves of
10 wheat varieties, after exposure to high (35°C) or mod-
erate (26°C) air temperatures, were analyzed by two-fac-

2.50 3.00 3.50

Proline concentration, jumol/g fw

tor ANOVA, followed by Fisher’s LSD multiple-range
test (Tables 2, 3; Fig. 1). In conditions of MT a significant
difference (p < 0.05) was found between the Carica, Mila
and Apac wheat varieties compared to the wheat varieties
Futura, Renesansa, Ratarica, Vlajna, Salasar and Hyfi. A
difference was found also between Futura and Ratarica.
The proline content in conditions of MT in the Hyfi variety
differed from all the analyzed cereal varieties.

In conditions of HT a significant difference (p < 0.05)
was found between the Vlajna and Salasar wheat varieties
and the Mila, Apa¢, Renesansa, Futura and Talas varie-
ties. A difference was also found between the wheat va-
rieties Mila and Apa¢ when compared to all the analyzed
wheat varieties. The proline content under conditions of
HT in the Renesansa variety differed from all the oth-
er analyzed wheat varieties. Proline concentrations were
significantly different (p < 0.05) under MT conditions
compared to HT conditions.

Photosynthetic pigment contents. The content of photo-
synthetic pigments was analysed in the flag leaves of 10
wheat varieties under HT (35°C) and MT (26°C) condi-
tions. The wheat variety with the highest chlorophyll a
content under MT was the Ratarica variety (4.07 mg/g fw),
while the lowest chlorophyll a content under MT condi-
tions was found in Hyfi (1.26 mg/g fw) (Table 4). Under
MT conditions, the chlorophyll b content ranged from
0.41 mg/g fw (Hyfi) to 1.71 mg/g fw (Ratarica). The ca-
rotenoid content ranged from 0.61 mg/g fw (Hyfi) to 1.29
mg/g fw (Ratarica) under MT conditions (Table 4).
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Under HT conditions, the highest values of chlorophyll
a (1.95 mg/g tw), chlorophyll b (0.83 mg/g fw) and carot-
enoids (1.07 mg/g fw) were observed in the Apa¢ variety
(Table 4), which indicates that Apa¢ was characterized by
higher photosynthetic activity than the other analysed va-
rieties. In conditions of HT, the lowest content of chloro-
phyll a (0.10 mg/g fw), chlorophyll b (0.18 mg/g fw) and
carotenoids (0.03 mg/g fw) was observed in the Renesansa
variety. High photosynthetic activity under conditions of
MT and HT was also observed in the Talas variety, while
the Renesansa and Hyfi varieties recorded the lowest
photosynthetic activity. Using a paired t-test, the photo-
synthetic pigment content under conditions of MT was
compared to the photosynthetic pigment content under
conditions of HT (Table 5). A significant difference (p <
0.05) was found between photosynthetic pigment content
under MT and HT conditions.

Correlations between proline and photosynthetic pig-
ments. For the analyzed wheat varieties, the proline
concentrations were correlated with the values of photo-
synthetic pigment contents. A statistically significant cor-
relation (p < 0.05) was found between the proline concen-
tration and the content of chlorophyll a (Fig. 2a) under
HT conditions. Pearson’s correlation coeflicient was 0.723.
A statistically significant correlation (p < 0.05) was also
found between the proline concentration and the content
of chlorophyll b and carotenoids (Fig. 2b, ¢) under HT
conditions. Pearson’s correlation coefficients of 0.641 and
0.694 indicated that the correlation between the proline
concentration and the content of chlorophyll b and carot-
enoids is high. These findings indicate that varieties with
higher proline content under HT conditions also have
higher photosynthetic pigment contents, thus showing
that these varieties have lower stress values under HT con-
ditions.

Wheat quality components. The obtained values of pro-
line concentration under HT conditions were correlated
with the obtained values of wheat quality components

Proline concentration, pmol/g fw

(Figs. 3, 4). There is a significant correlation (p < 0.05) be-
tween proline concentration under high temperature con-
ditions and starch concentration (Fig. 4a). A significant
correlation was also found between proline concentration
under high temperature conditions and grain yield (Fig.
4b). Those varieties with higher proline concentrations
under high temperatures also had batter wheat quality
components.

DISCUSSION

Heat stress can impact significantly on photosynthetic
pigments chlorophyll a, chlorophyll b and carotenoids.
Photosynthetic pigment content may decrease under high
temperature stress in wheat due to disorders in chloroplast
structure and function, leading to reduced photosynthesis
(Xu et al. 1995). GupTa et al. (2013) found that chloro-
phyll content and membrane stability index decrease un-
der heat stress conditions. A significant correlation was
found between thylakoid membrane damage, photosys-
tem II and chlorophyll content (Ristic et al. 2007). In this
study we found that photosynthetic pigment content was
significantly lower in the investigated wheat varieties un-
der HT conditions compared to MT conditions. Based on
the obtained results, we can conclude that the Apac variety
exhibited the most intensive photosynthetic activity when
compared to the other analysed varieties under HT con-
ditions. The Apa¢, Talas and Futura varieties, with higher
photosynthetic pigment content, were also characterized
by higher proline content. The positive linear correlation
between photosynthetic pigment content and proline was
significant. AHMED & HasAN (2011) showed that at 35°C
heat-tolerant genotypes produced more than twice (>
200%) the amount of proline than at 25°C. Proline con-
centration in numerous varieties was closely related to the
proline concentrations in some of the ten tested samples
collected in the Kraljevo area. Studies conducted to mit-
igate the negative effects of heat stress on photosynthesis
in wheat (Triticum aestivum) with salicylic acid treatment
showed that proline metabolism was markedly increased.



Proline biosynthesis induced by heat stress increased
proline content by 84.7% compared to control, whereas
proline accumulation under heat stress together with sal-
icylic acid (0.5 mM) increased proline accumulation by
168.6% in comparison to control (KHAN ef al. 2013). In
this study the statistical analysis of the obtained proline
concentration in the investigated wheat varieties showed
a statistically significant increase in proline content un-
der HT conditions compared to MT conditions. HASAN
et al. (2007) tested wheat varieties under moderate and
high temperature conditions. The proline content in leaves
under normal growing conditions was significantly higher
in heat-tolerant varieties than in heat-sensitive varieties.
Relative changes due to heat stress indicated that there was
a significant increase in proline in wheat leaves relative
to normal conditions (HASAN et al. 2007). It has been es-
tablished that proline accumulation in plants under high
air temperature conditions plays a significant role in the
development of stress tolerance capacity as it acts as an
osmoregulatory compound. The association between the
accumulation of proline in the cells of different plants un-
der heat stress conditions suggests that proline may have
a protective function (Kavi-KisHOR et al. 2005). In order
to develop varieties resistant to heat stress, the determi-
nation and comparative analysis of proline concentrations
with photosynthetic pigment content, starch and yield
were performed on the wheat varieties. The quantitative
analysis of the proline content in the leaves of ten genet-
ically divergent wheat varieties found variability between
the varieties according to proline content. In this study, the
Apac variety (3.036 pmol/g fw) exhibited the highest con-
centration of proline under conditions of heat stress, while
the smallest value was recorded for the Renaissance vari-
ety (1.991 umol/g fw). Given that it was shown that high
temperatures can affect the quality and quantity of yield
elements in cereals (VISWANATHAN & KHANNA-CHOPRA
2001), we wanted to determine whether varieties with a
higher concentration of proline under heat stress condi-
tions had wheat batter quality components. The Apac, Ta-
las and Futura varieties with higher proline concentrations
under HT conditions also had wheat batter quality com-
ponents. STEWART ef al. (1996) showed that the amount
of sugar and starch is also important for proline metab-
olism. These findings are closely related to the results of
this study, where it was shown that those varieties char-
acterized by higher proline content also had higher values
of starch.

CONCLUSION

Variation in the values of the proline and photosynthetic
pigments of the analyzed varieties showed differences in
the adaptive response to high air temperatures. The sta-
tistically significant correlation of wheat quality parame-
ters (starch content and yield) with proline concentration
showed that the wheat varieties Apa¢, Talas and Futura
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with higher proline concentrations have also higher yield
and starch. A significant positive linear correlation was
also found between proline concentration and photosyn-
thetic pigment contents (chlorophyll a, chlorophyll b and
carotenoids), where the wheat varieties Apac, Talas and
Futura were characterized by a lower reduction in photo-
synthetic pigment contents. Among the analyzed wheat
varieties, the Apa¢ wheat variety showed the best adaptive
response to the investigated traits.

The accumulation of proline and its interrelation with
the content of photosynthetic pigments, starch and grain
yield may be important in breeding technologies aimed at
improving crop stress tolerance.
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Razlike u akumulaciji prolina izmedu sorti pSenice kao odgovor

na toplotni stres

Nevena H. Djuki¢, Stefan M. MARKOVIC, Jasna S. MASTILOVIC i Predrag SiMovi¢

Prolin je jedan od organskih osmolita koji se akumulira u razli¢itim biljnim vrstama kao odgovor na stresne uslove sredine. Cilj ovog rada
bio je da se odredi koncentracija prolina kod deset sorti ozime p$enice u uslovima produzenog trajanja temperature vazduha iznad 30°C i da
se oceni varijabilnost reakcije sorti psenice. Ispitivana je, takode, korelacija akumulacije prolina sa fotosintetickim pigmentima, akumulaci-
jom skroba i prinosom. Na eksperimentalnom polju, uzorkovani su listovi zastavi¢ari za svaku sortu u fazi nalivanja zrna. Statisticka analiza
podataka i korelacija parametara izvedeni su kori$¢enjem SPSS programa. Rezultati su pokazali da postoji statisticki znacajna razlika izmedu
vrednosti prolina u uslovima umerene i uslovima povisene temperature vazduha, kada dolazi do pove¢ane akumulacije prolina. Znacajna
korelacija izmedu akumuliranog sadrzaja skroba i prinosa sa koncentracijom prolina pokazala je da Apa¢, Talas i Futura, sorte pSenice sa
veéim vrednostima prolina pod toplotnim stresom imaju i ve¢i prinos i sadrzaj skroba. Utvrdena je, takode, korelacija izmedu koncentracije
prolina i sadrzaja fotosintetickih pigmenta, gde je sorta pSenice Apa¢ pokazala najbolji adaptivni odgovor u vezi sa ispitivanim osobinama
i odlikovala se manjim smanjenjem sadrzaja fotosintetickih pigmenta u uslovima toplotnog stresa. Medusobna veza prolina sa sadrzajem
fotosintetickih pigmenata i parametrima kvaliteta pSenice mogu biti vazni u tehnologijama oplemenjivanja ¢iji je cilj pobolj$anje tolerancije
pSenice na stres.

Kljucne reci: Triticum aestivum, aminokiselina, fotosinteticki pigmenti, adaptacija, skrob
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