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The aim of the work was to comparatively assess the resistance of bread wheat samples to various stress factors
in terms of seed viability and the content of the heterocyclic amino acid proline (pyrrolidine-a-carboxylic acid) in
the leaves of different varieties of bread wheat. Stress factors were accelerated aging of seeds (3-day incubation of
seeds at elevated relative humidity (95 %) and air temperature (40 °C)), dehydration of seedlings (sucrose 20 atm
within 24 hours), salinity of seedlings (NaCl 16 atm for 24 hours). A significant increase in the content of proline
relative to the control in conditions of aging, drought, and salinization occurred in those forms where a relatively
low content of this amino acid was observed in the control variants. A comparative assessment of the resistance of
the studied wheat samples seeds to aging and the response of plants to the effects of drought and salinity showed
that, in terms of seed germination after accelerated aging and the content of proline in the leaves of plants, the K-6
v.miltrum, v. K-17 v.erythrospermum, K-24 v.ferrugineum wheat showed greater stability compared to the other
studied samples. The least stable was the K-72 T aestivum L. var.cainotrics Korn. sample.
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Since ancient times Azerbaijan has been
the homeland for many types of cereals, in-
cluding some species of wheat. The natural
condition of our republic is favorable for the
cultivation of grain crops. However, seasonal
droughts, high temperatures, salinity and nat-
ural moisture instability are negative factors
that impede high productivity. Therefore, due
to climate changes, developing tolerant varie-
ties and forms of agricultural plants, especially
cereals, is extremely actual. Determination and
improvement of plant tolerance to high tem-
perature and low humidity conditions are to be
based on deep knowledge of physiological and
biochemical properties of plants. The compar-
ative study of physiological and biochemical
properties of wheat samples belonging to vari-
ous species contributes to the establishment of
their tolerance limits to abiotic stress factors,
assessment of adaptation potential, thereby
resolving the problem of the regulation of the
productivity processes in cereals.

The effect of stress factors, such as drought,
salinity, high temperature, first of all, causes
water deficiency and the formation of free radi-
cals, wherein strong defense mechanisms are
launched to regulate cell water supply. One of
these mechanisms is the accumulation of low
molecular weight compounds of the antioxi-
dant defense system, especially, proline. Pro-
line effectively triggers adaptation mechanisms
under stress conditions and beeing a multifunc-
tional stress metabolite, according to modern
concepts, besides osmoprotective functions, it
performs also chaperone, antioxidant, signal-
regulator and other functions (1, 2).

On the other hand, seeds that better tolerate
the adverse conditions of accelerated aging, are
known to be more tolerant to abiotic stressors
during germination. There is information on

the relationship between aging with impaired
physiological and biochemical processes (3, 4,
5) and the accumulation of growth inhibitors
and toxic metabolic products. At the heart of
the damage that leads to the aging of seeds and
reduce their stress tolerance is the generation
of free radicals, which initiates lipid peroxida-
tion (6). These reactions do not require high
moisture content and their products can accu-
mulate in air-dry seeds, which leads to oxida-
tive damage to the membranes, proteins and
DNA. According to modern concepts, some
amino acids, including proline, initiate the ac-
tivation of adaptive mechanisms (7).

The aim of research

The aim of this study was to determine the
tolerance of wheat samples of various species
to abiotic stress factors (drought, salinity and
artificial aging), based on their physiological
and biochemical parameters.

Materials and research methods

The objects of the study were seeds
of 9 samples (7 wvarieties) of bread
wheat: K-3 Taestivum varmilturum AL.,
K-6 Taestivum var.miltrum, K-17 T.aestivum
var.erythrospermum Al., K-24 T. aestivum var.
ferrugineum AL, K-27 Taestivum var.ferrug-
ineum Al., K-35 T aestivum var.erythroleucon
Korn., K-43 T. aestivum var.barbarossa AL.,
K-65 Taestivum var.leucospermum Korn.,
K-72 T. aestivum var.cianotrics Korn. Stress
factors were accelerated seed aging, dehydra-
tion and salinization of seedlings. To imitate
the duration of the storage of seeds, the method
of artificial aging was used. This method in-
volves a 3-day incubation of seeds at elevated
relative humidity (95%) and air temperature
(40°C) (3 Smolikova G.N, 2014), which al-
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lows simulating the effects of adverse factors
and predicting their effect on the tolerance of
seeds of various varieties and plant samples.
Viability was evaluated according to the test
of the seed germination ability under labora-
tory conditions, expressed in the percentages
0,
of the total number (n) G= Ax100%
A —number of sprung seeds.

For biochemical analysis, plants were
grown in the phytotron under the following
conditions: 21°-22°C temperature, 60%
humidity, 16h/8h photoperiod, 10000 lux
illumination. According to the tolerance
limits (8), 5-day-old seedlings were ex-
posed to drought and salt stresses (using
20 atm sucrose and 16 atm NaCl solutions)
for 24 hours and artificial aging for 3 days.
Then the proline amount was determined in
leaves using the Bates method (9). Compara-
tive analysis was performed with 6-day-old
seedlings. Samples were taken at the same
time of day and plants grown under normal
conditions were used as control.

The definition of proline was based on
known methodology. The 0.5g wet plant bio-
mass was squashed with 20 ml of 3 % sulfosalic
acid and filtered the thick blue filter until it was
homogeneous. After pouring of 2ml from filtrate
to test glass, also 2ml reagent (1,25g ninhydrin,
30 ml of vinegar acid and 20ml 6M phosphoric
acid mixture), 2 ml of vinegar acid was added
and placed in boiling water bath for 1 hour af-
ter thorough mixing. After that, the test glasses
were taken out and cooled to + 4°C. 4 mL tolu-
ene was added to the reaction mixture and rested
after shaking it for 15 seconds. The colored so-
lution is gathered on top of the toluene and its
color may vary from light pink to dark red, de-

, where

98 98 100 oo 100 go 100 go 100 gq

pending on the amount of proline. The top coat
was taken up with a pipette and poured into the
cuvette and measured the optical density of tolu-
ene. The amount of proline is calculated by the
following formula (10):

C=EkVim

C-the amount of proline (uM/g), E-opti-
cal density, k- coefficient of calibration curve
(217.49), V-volume of extract (ml), m-plant
material weight (g).

Research results and discussion

To assess functional impairment of seed
viability during accelerated aging, we used
an integral index such as their germination
(Fig. 1). Under optimal conditions for germi-
nation, the seed germination ability of 9 bread
wheat varieties ranged from 84.0% to 100.0 %.
The study of the germination ability of 9 bread
wheat varieties subjected to accelerated aging
of seeds showed that 3-day aging reduced the
germination of seeds from different samples to
different degrees. Thus, sharp declines — 12 %
and 46.5% — in the germination ability was
observed in the samples K-43 var.barbarossa
AL. and K-72 — var. cainotrics Korn, respec-
tively. Whereas, in the samples K-17 var.eryth-
rospermum Al., K-24 — var. ferrugineum AL.,
K — 27 — var.ferrugineum AL. u K — 35 var.
erythroleucon Korn. only 2.0% decline was
detected, which confirms higher tolerance of
them to accelerated aging.

Accumulation of proline is considered to
be the first response induced by stress in plant
organisms. In some investigations, the proline
accumulation ability of cells was used as a se-
lective trait in the evaluation of drought and
salt tolerance of species and varieties (11).
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1. Germination ability of the accelerated aging seed bread wheat varieties (K-3 T.aestivum var.
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milturum AL., K-6 T aestivum var.miltrum, K-17 T aestivum var.erythrospermum Al., K-24
T aestivum var.ferrugineum AL, K-27 T aestivum var.ferrugineum Al., K-35 T.aestivum var.
erythroleucon Kom., K-43 T aestivum var.barbarossa AL., K-65 T aestivum var.leucospermum

Korn., K-72 T. aestivum var.cianotrics Korn..)
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Fig. 2. The proline accumulation abilities of bread wheat varieties samples (K-6 T aestivum miltrum,
K-3 Taestivum varmilturum AL., K-24 T. aestivum var.ferrugineum AL, K-27 T.aestivum var.
ferrugineum Al., K-35 T aestivum var.erythroleucon Korn.) exposed to stress factors (WM/mg)
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Fig. 3. The proline accumulation abilities of bread wheat varieties samples (K-17 T.aestivum var.
erythrospermum Al., K-72 T. aestivum var.cianotrics Kom., K-43 T aestivum var.barbarossa AL.,
K-65 T aestivum var.leucospermum Korn.) exposed to stress factors (WM/mg)

We observed genetic variations in the pro-
line accumulation abilities of samples exposed
to stress factors. The changes in the proline
amount under stress were studied in 9 samples
(Fig. 2, 3). Wide variations were observed in
all variants. In control variants proline amount
ranged from 0.44 pM/mg to 2.24 uM/mg. Min-
imum and maximum limits of this parameter
were found in the samples K-35 var. erythro-
leucon and, K-3 var. miltrum, respectively.

The use of resource substances is the first re-
sponse of plant organisms to stress effects. Re-
source substances involve special enzymes, in-
cluding antioxidant enzymes and low-molecular
metabolites (for example, proline). Then the syn-
thesis of the components required for the activa-
tion of the defense system intensifies. There are
many reports on this subject (12). Some of our
results are related to the issue and consistent with
the literature information. Thus, in plants of the
var. miltrum K-3 samples, the proline amount de-
creased 2 times under all 3 stress factors which is

51.5% of the control value. This means that dur-
ing one day of stress, 1.17uM proline was con-
sumed per 1 mg of fresh weight and this value is
the largest one among other samples manifesting
a decreased proline amount. It is suggested that
this time is less than required for the synthesis
of low-molecular compounds of the antioxidant
system, in our case proline. Similar results were
obtained for the seedlings of var. ferrugineum
K-27 and var. leucospermum K-65. Thus, in the
first variant, the proline amount was 64,8% of
the control value under drought and 47.2 % under
artificial aging. In the second variant 93 % under
drought and 83 % under salinity.

The proline amount ranged from 0.71 uM/
mg to 2.85 uM/mg under drought. Minimum
and maximum values were found for var. eryth-
roleucon K-35 and var. cainotrics K-72, respec-
tively. The proline amount increased 4.45 times
compared with control and became maximum in
the var. cainotrics K-72 plants. The samples var.
miltrum K-6, var. erythrospermum K-17, var.
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ferrugineum K-24 showed the closest to control
values for the proline amount under drought.

The proline amount changed between
0.93 uM/mg and 2.16uM/mg under salinity.
The smallest value was detected in var. erythro-
leucon K-35. In var.erythroleucon K-35 and var.
cainotrics K-72 the proline amount was 2 times
higher compared with control. In the seedlings
of var. leucospermum K-65 the proline amount
was 17% less (83.3% of the control value)
compared with control, which is attributed to
0.2 uM/mg consumption of proline reserves and
a delay of the synthesis of new proline.

In plants exposed to artificially aging treat-
ment, the proline amount was in the range of
0.72 to 1.46 uM/mg. The smallest value was
observed for var. erythroleucon K-35 and the
largest value for var. ferrugineum K-24. Thus,
these values increased 1.64 and 1.42 times, re-
spectively, compared with control. The value
closest to control was registered for the var.
barbarossa K-43 samples.

It is noteworthy that multiple increases in
the proline amount under drought, salinity and
accelerated aging occurred in samples, which
control variants had low levels of the constitu-
tive proline amounts (var.erythroleucon K-35,
var. cainotrics K-72). Probably, in order to tol-
erate stress, more active functioning of the de-
fense system is required in these plants. Proline
was found to accumulate to a greater extent (as
a result of its synthesis, as well as degradation
of proteins (13) in sensitive plants. In stress
exposed seedlings of var. cainotrics K-72, the
proline amount was 4.45 times higher compared
with control. In contrast, the proline amount
in the tolerant plants was almost as in control.
This can be attributed to higher water retention
and reparation abilities of tolerant plants (14).
In tissues of plants sensitive to adverse environ-
mental conditions, the proline amount increases
faster and becomes more compared with toler-
ant plants. However, a sharp difference between
proline amounts in stress exposed and control
variants of tolerant plants can be detected only
under severe stress conditions (15).

We observed different responses to stress
factors of the defense system in our researches.
Our results suggest that under stress factors
adaptation mechanisms are needed to func-
tion more effectively in sensitive plants hav-
ing fewer proline reserves. In some samples,
stress caused the expenditure of the proline
reserves and activation of the antioxidant de-
fense system (var. miltrum K-3, var. ferrug-
ineum K-27, var. leucospermum K-65). Other
samples showed tolerance to a various extent
under drought, salinity and artificial aging.

Conclusion

A comparative assessment of the resist-
ance of the studied wheat samples seeds to ag-
ing and the response of plants to the effects of
drought and salinity showed that, in terms of
seed germination after accelerated aging and
the content of proline in the leaves of plants,
the K-6 var. miltrum, K-17 var.erythrosper-
mum, K-24 var. ferrugineum wheat showed
greater stability compared to the other studied
samples. The least stable was the K-72 T aesti-
vum L. var.cainotrics Korn. sample.
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