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ABSTRACT

Wheat genus belongs to the main grain crops in Ukraine and in the world. An important element of its cultivation
technology, which affects productivity, is the use of high yield varieties resistant to biotic and abiotic stressors.
Therefore, the aim of a study was evaluation of polyethylene glycol-modeling drought stress adaptive responses of
different varieties of wheat germs (Triticum aestivum and Triticum dicoccum) on such parameters as water shortages,
relative water content, roots damage membranes and dehydrogenase activity and photosynthetic pigments content.
Studied varieties of common bred wheat and emmer wheat presented resilience-anisohydric response maintaining
high relative water content, increasing of root length / shoot length ratio and maintaining the ratio of photosynthetic
pigments in response to drought with marked differences among the varieties. According to the result of the research
Holikovska variety (Triticum dicoccum) is the most drought- resistant variety which makes it promising for use in breeding
for drought tolerance. Because of resilience-anisohydric behaviour patterns might be the beneficial strategy for growing

under drought stress conditions.
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INTRODUCTION

Because of unfavorable environmental factors, there
is a challenge to maintaining the world production of
wheat grain. Up to 50% of the harvest is lost only under
the influence of abiotic stressors. Another 10-30% of
the crop may be lost due to biotic factors (Thiry et al.,
2016). Any type of stress affects the plant's homeostasis,
changing the equilibrium of the whole system. Thus, for
example drought causes variety of plant’s stresses such
as oxidative and osmotic (Igbal et al., 2016). In addition, it
change leaf water potential, create turgor loss and water
deficit, induce premature leaf senescence and inhibits cell

enlargement and growth.

Effecting different biochemical and physiological
processes, like transpiration and photosynthesis drought
promotes closure of stomata and changes in the ratio of
plant’s photosynthetic pigments (Vassileva et al., 2009).
Displacement of balance between chlorophyll a, b and
carotenoids change all of the subsequent metabolic
process of the organism. Nevertheless, each species
has its own norm of reaction, which allows surviving
in changing environments by flexibility of metabolic
patterns (Saqib et al., 2013). Better understanding of the
morphofunctional traits and physiology of changes under
water stress conditions of different varieties of Triticum
sp. could be used to select or create new varieties of crops
according to their sustainability under drought influence
(Manschadi et al., 2008).
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Triticum dicoccum, also known as farro or emmer,
served as one of the main food sources for the dwellers
of the Old World. It is one of the oldest grain crops with
motherland in the Middle East. Precisely from this species
was bred by selection Triticum durum (Hejtmankova et al.,
2010). T. dicoccum was displaced from the crop areas by
other cultural varieties of wheat, because of its complex
process of threshing. Nowadays, cultivation of all species
of Triticum sp. have been stopped or minimized, with the
exception of Triticum aestivum L. and Triticum durum Desf.
This led to a reduction in the diversity of genes that cause
resistance to biotic and abiotic stressors (Almansouri et al.,
2001). Wheat crops became vulnerable, and production
and quality of crops become unstable. Besides, seed areas
have reached or exceeded the limits of environmental
safety with each passing year.

This situation makes it possible to understand the
negative effects of genetic erosion and draws attention
to the species and intraspecific diversity of wheat.

Thanks to the well-developed root system T. dicoccum
grows on podzolic soils, clays. On black soil, it is much
more durable than common wheat and durum. It is can
be grown on poorly treated and much depleted soils, but
its yield than is significantly reduced (Hejtmankova et al.,
2010).

Emmer is recommended for nutrition, given the high
protein content (23.9%, which is one and a half times
higher than that of common wheat), food fibers, B
vitamins, iron, and low fat (Cooper, 2015).

Holikovska is one of the new and unstudied varieties
of emmer. Average annual rate of wheat production is
far behind the growth rate of the planet's population.
Inequality must be reduced by increasing grain
production. Accordingly, all these advantages of the farro
make it possible to assume its use as the main sustainable
and useful type of wheat in changing conditions of our

climate (Babenko et al., 2018).

So the aim of the study was to conduct a comparative
analysis of polyethylene glycol induced drought stress

adaptive responses of common bred wheat varieties
(Triticum aestivum L.) with emmer wheat (Triticum
dicoccum Schrank.).

MATERIALS AND METHODS
Plant materials

Seeds of Triticum dicoccum (Holikovska variety)
and Triticum aestivum (Podolianka, Favorytka varieties)
were sterilized with potassium permanganate for 30
minutes and then germinated in the dark at 25 °C in
Petri dishes with distilled water for 24 hours. Containers
for further germination by aquaculture were treated
with hydrogen peroxide. Stress conditions were caused
using polyethylene glycol 6000 to achieve osmotic
pressure -0.3 MPa. As a control was used distilled water.
For next 7 days, seedlings were grown in controlled
conditions: temperature - 25 °C, photoperiod of 16
hours at a photosynthetic photon flux density of =
200 umol photons/m?s. For investigation, 7-day roots
and leaves of controlled and treated plants were used.
Spectrophotometric measured using

assays were

spectrophotometer UV-1800 (Shimadzu, Japan).

Morphological parameters

Growth parameters, the length of the underground
and aboveground parts of seedlings, the mass of fresh
and dry material were measured by standard methods
(Poorter H. and Gamier E., 1996). The water status of
the plants was assessed by the indicators of water deficit
and relative water content (RWC) of the roots and leaves
(Hassanzadeh et al., 2009).

Photosynthetic pigments content

Leaves were grind with sodium sulfate and glass sand,
and then extracted by using 96% ethanol. Pigments
content were measured by using spectrophotometer
with different wavelength for each group of pigments
(chlorophyll a (Chl. a) A = 665 nm, chlorophyll b (Chl. b) A
= 649 nm, carotenoids (Car.) A = 440.5 nm) (Hassanzadeh
et al., 2009).
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Root cells membranes damage

Roots were colored by 0.025% solution of trypan blue
in 100 ml 100 uM CaCl, (pH 5.6) for 10 minutes. Then
the roots were washed three times in 100 uM CaCl, (pH
5.6) and roots damage membranes were evaluated by
intensity of blue roots color (Vijayaraghavareddy et al.,
2017).

Total dehydrogenase activity of root tissues

Roots were colored by 0.01% solution of
triphenyltetrazolium chloride for 24 hours in the dark and
temperature - 25 °C. Total dehydrogenase activity was
evaluated by reduction’s intensity of triphenyltetrazolium

hloride to formazan in roots (Ji et al., 2014).

Statistical analysis

The results were processed by comparison of the mean
+ standard deviation (M * SD) with using Student's t-test.
Differences were accepted as significant for P<0.05. All
results are compared with control plants.

RESULTS AND DISCUSSION

As known drought stress occurs when transpiration
exceeds the absorption of water by roots. The most
sensitive to the effects of drought are growth processes
(Fahad et al.,, 2017). Analysis of morphological traits
showed that under the conditions of water shortage the
length of the aboveground part of the seedlings increased
by 25% of the Podolianka and Favorytka varieties, while
as for the Holikovska variety decreased by 25% (Table
1). It can be interpreted as a stress activation of cell
division in two varieties of wheat and as the beginning of
protective mechanisms of Holikovska variety, for example
the accumulation of stress-related phytohormones,
which leads to slowing down the processes of cell
growth (Bengough et al., 2011). The length of roots of
seedlings has increased in 3 times (Podolianka), 1.5 times
(Favorytka) and (Holikovska). Under the conditions of
the water deficit elongation of the root system may be
explained by search for a water sources (Table 1).

Under the conditions of the PEG-modeling drought
stress elongation of the root system may be explained
by search for a water sources. Some authors considered
an increasing of root length to shoot length ratio as
a drought tolerance potential parameter (Gazal et al.,
2004). They have emphasized that the first and the most
common feature of plant growth is increasing of root to
shoot ratio in arid regions (Akhzari et al., 2016). Analysis
of morphological traits showed that root to shoot ratio

increased by 2 times in all three studied varieties.

The mass of fresh material in all three varieties
changes within the limits of the error. The mass of
dry material of leaf of the Podolianka and Favorytka
varieties increased by 25%, while Holikovska - within
the limits of error. The mass of dry material of the roots
increased 3 times, 2.5 times respectively (Table 1). To
maintain a balance caused by osmotic stress, plants have
developed a number of special mechanisms such as an
accumulation of free proline. It is a result of changes in
the cell water potential. It's considered that proline acts
as a regulator of intracellular osmotic potential, stabilizer
of cellular structures and biopolymers and participates
in overcoming oxidative stress. Thus, increasing of dry
metter can be explained (Konotop et al., 2017).

Water deficit known as the percentage shortage of
water from its total amount in plant tissues at its full
absorption. It can occur by the disturbance of the water
supply of the plant and cause changes in the intensity
of physiological and biochemical processes, affecting
the productivity of the plant. In this experiment water
content in leaves and roots of seedlings has decreased
by 25%, and the water deficit has increased threefold
(Podolianka, Favorytka), while in Holikovska water
content has decreased by 6%, and the water deficit has

increased by 25% (Figure 1).

Relative water content (RWC) shows percentage
content of the initial amount of water in the leaves from
the contents of it in a state of saturation. It is well known
that drought restricts water supply which results in a
reduction of leaf water content.
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Table 1. Morphological traits of different wheat varieties under the polyethylene glycol-modeling (PEG) drought stress

Variety Podolianka Favorytka Holikovska

n=100 Control PEG Control PEG Control PEG
Leaves length, cm 6.2+0.3 7.5+0.2* 5.1+0.2 6.9+0.1* 9.1+0.4 7.2+0.2*
Root length, cm 2.9+0.2 7.6+0.2* 3.5+0.2 8.4+0.2* 4.8+0.3 7.4+0.1*
Root / Shoot ratio 0.46 1.01 0.68 121 0.52 1.02
Leaves fresh mass, mg 57+£2.9 64+2.4* 62+2.03 64+2.10 65+2.12 63+£3.10
Root fresh mass, mg 47+2.1 48+3.2 54+1.01 51+1.9* 53+1.8 52+2.3
Leaves dry mass, mg 4.2+0.6 6.4+0.8* 4.8+1.1 6.6+£0.9* 5.1+0.7 5.4+0.9
Root dry mass, mg 2.1+0.9 5.4+1.2* 2.6+x1.3 8.1+1.1* 3.1+1.2 3.9+1.3

* Data represent mean values with standard deviation; significant difference at P<0.05 comparing to control level for each variety
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Figure 1. The water status of the plants: water content in seedlings (A), water deficit (B), relative water content (C) under the drought
stress; n=100 (PEG - polyethylene glycol treatment variant; *data represent mean values with standard deviation; significant differ-

ence at P<0.05 comparing to control level for each variety)

The decreasing of RWC by more than 20% can lower
leaf water potentials, leading to reduced turgor, stomatal
conductance, and photosynthesis, and thus eventually
to reduce grain yield (Amini et al., 2014). RWC of the
leaves of seedlings Podolianka and Favorytka decreased
by 10%, in Holikovska - by 6% (Figure 1). These changes
of RWC characterized varieties as resilience-anisohydric
with slight decrease of RWC and indicated resilience-
anisohydric strategy for how closely related biomass
species deal with water deficit (Attia et al., 2015).

Various abiotic  stressors including drought,
water deficit, and hyperthermia caused destruction

ultrastructure of mesophyll cells and chloroplasts of

the leaf and the content of photosynthetic pigments
composition (Babenko et al., 2019). The photosynthetic
apparatus is highly sensitive to changes in various
environmental factors. Thereby, the quantity and activity
of photosynthetic pigments characterizes the efficiency
of all pathways of plant metabolism. In addition, it can be
used as a sensible indicator of the general physiological
state of the organism (Frosi et al., 2017). Plant tissues
under optimal conditions have more chlorophyll a than
chlorophyll b. The ratio of these pigments of healthy
plants is higher than 1.0. Changes in the ratio of these
pigments indicate a malfunction of the physiological
state of plants, on the other hand decreasing of this ratio
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lower than 1.0 indicates the prevalence of processes of
destruction of substances over their production (Genty
et al, 1989).

The content of all pigments in the Favorytka variety
decrease by 25%, in the Podolianka variety changes
within the range of error, and in the variety Holikovska
increase by 10%. The sum of chlorophyll a and b and their
ratio in Favorytka and Podolianka varieties increased,
while the ratio of chlorophyll to carotenoids decreased.
Simultaneously, the ratio of chlorophylls in the Holikovska
variety decreased 3-fold, and the ratio of chlorophylls to
carotenoids increased by 40% (Table 2).

The ratio of chlorophylls a and b usually varies in the
range 2.2-4.0 and is used as a marker of the physiological
state of the plant organism. Changes in the ratio of
chlorophyll a:b may indicate a stoichiometry disturbance
between the reaction center complexes and the light-

harvesting complex.

Podollanka Favorytka Holikovska Podollaka Favorytka Holikovska

These photosynthetic pigments changes could affects
the functional activity of roots - the tissues of which are
the first to encounter PEG-modeling drought and are
responsible for the supply of water to the aboveground
part of the plant. The coloring of trypan blue showed that
under conditions of the drought stress, the membrane of
root cells of all three varieties had damage (Figure 2, A).

The coloring of the roots with triphenyltetrazolium
chloride showed that root apexes of stressed variants
evaluated the highest activity of dehydrogenases in
the roots of the seedlings of Podolianka and Favorytka
varieties (Figure 2, B). It was recorded in the meristematic
zone, but in the roots of the Holikovska variety -
throughout the length, which may indicate more active
breathing processes in Holikovska compared with other
varieties under stress condition (Ji et al., 2014).

Control

PEG

Figure 2. Root membranes damage of different varieties of wheat under the drought stress (A); and root total dehydrogenase activ-
ity of different varieties of wheat under the drought stress (B); n=30 (PEG - polyethylene glycol treatment variant)
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Table 2. Pigments composition of different wheat varieties under the polyethylene glycol-modeling (PEG) drought stress

Variety Variant (n=15) Chl. a, mg/g FW Chl. b, mg/g FW  Car.,, mg/g FW  Chl. a/Chl. bratio Chl. a+b/Car ratio
Podolianka Control 2.40+0.37 1.19+0.20 0.55+0.09 2.01+0.02 6.47+0.02
PEG 1.53+0.26* 0.69+0.15* 0.35+0.07* 2.26+0.29 6.47+0.12
Favorytka Control 2.04+0.21 1.02+0.26 0.52+0.13 1.98+0.01 5.84+0.03
PEG 1.75+0.11* 0.76+0.12* 0.42+0.10* 2.39+0.37* 6.07+0.30*
Holikovska Control 2.03+0.42 0.98+0.20 0.57+0.12 2.07+0.01 5.22+0.04
PEG 2.11+0.17 1.10+0.10 0.56+0.10 2.09+0.02 5.51+0.06*

* - data represent mean values with standard deviation; significant difference at P<0.05 comparing to control level for each variety

CONCLUSIONS

Therefore during the cultivation of wheat seedlings in
the environment without the addition of nutrients (only
internal seed reserves were used) under conditions of
drought. Studied varieties of common bred wheat (Triticum
aestivum L.) and emmer wheat (Triticum dicoccum Schrank.)
presented resilience-anisohydric response maintaining
high relative water content, increasing of root length /
shoot length ratio, maintaining the ratio of photosynthetic
pigments in response to drought with marked differences
among the varieties. The obtained data allow concluding
that drought influences on parameters of wheat varieties
in different ways. Holikovska variety is the most drought-
resistant among the analyzed varieties and is promising
for use in selection for drought tolerance. Because of
resilience-anisohydric behaviour patterns might be the
beneficial strategy for growing under drought stress
conditions.
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