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Abstract

Kirova E., Moskova I., Kartseva T., Kocheva K., 2021: Comparison of physiological effects of osmotic stress 
on two wheat genotypes. – Botanica, 27(2): 134–140.

Revealing stress tolerance mechanisms in plants would contribute to the selection of crop varieties with a 
higher capacity for surviving in unfavourable environments. In this regard, it is essential to identify possible 
physiological features that might be beneficial for increasing plant resistance to stress. Two contrasting com-
mon wheat (Triticum aestivum L.) cultivars with different drought tolerance were subjected to 48 h treatment 
with 20% polyethylene glycol 8000, which provoked an extra degree of osmotic and oxidative stress as well as 
distinct physiological responses. Better water retention capacity in leaves and lesser extent of membrane injury 
found in cultivar ‘Guinness’ compared to cultivar ‘Niki’ correlated with increased osmotic adjustment by ac-
cumulating higher amounts of proline and higher antioxidant scavenging capacity in the former. Compared to 
soluble sugars and total free amino acids, proline contributed to a greater extent to preserving leaf water. It was 
speculated that such a combination of features would set a genotypic advantage for this cultivar, which could 
also determine better performance under drought conditions in the field.
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INTRoduCTIoN

unfavourable environmental conditions nega-
tively affect the productivity of crop plants. drought 
is one of the most common limiting factors for har-
vest yield and has an incredibly damaging effect at 
the early stages of plant growth (Mattos & Moretti, 
2015). However, abiotic factors always appear in 
combination in the field, making it more challeng-
ing to assess the impact of different factors such as 
drought, salinity or suboptimal temperatures (He et 
al., 2018). Moreover, each factor eventually induces 
osmotic stress in the plant organism (Slama et al., 
2015). In this regard, many scientists perform labora-
tory experiments, imposing osmotic stress by treating 
plants with solutions of polyethylene glycol (PEG), 
which simulates the effect of dehydration in the field 

(Ma et al., 2014). The use of PEG offers the pos-
sibility of inducing various degrees of stress, receiv-
ing reproducible results, and separating the effect of 
water deficit or dehydration from that of other abi-
otic factors. The study of physiological processes in 
plants reveals the plasticity of biochemical pathways 
and the limits of their functioning. It increases our 
knowledge of the mechanisms for survival in hostile 
conditions (Basu et al., 2016).

under drought conditions, plants need to sustain 
water relations by synthesising and accumulating 
compatible solutes such as free amino acids, sugars, 
and proline. This is the essence of the essential physi-
ological process of osmotic adjustment, which allows 
the plant to maintain turgor at low water potentials 
and preserve metabolic functions (Basu et al., 2016; 
Abid et al., 2018).
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Wheat is a common crop worldwide, and main-
taining its productivity under adverse environments 
is an essential goal for breeders. The induction of ox-
idative stress is among the adverse effects of drought 
at the cellular level. Like many other environmental 
stresses, drought also causes oxidative damage due to 
the accumulation of reactive oxygen species (RoS) 
such as hydrogen peroxide, singlet oxygen and hy-
droxyl radicals (Gill & tuteja, 2010). Generation 
and overproduction of RoS could impair most cel-
lular components: proteins, lipids, carbohydrates and 
dNA (Gill & tuteja, 2010). However, an efficient 
antioxidant system protects plants from oxidative 
damage and thus contributes to improving stress tol-
erance. In the present work, we investigate the effect 
of osmotic stress on young common wheat plants 
from two cultivars to assess different genotypes’ per-
formance and stress management strategies.

The present work aimed to evaluate the physiolog-
ical performance of young wheat plants subjected to 
osmotic stress and find out whether it correlated with 
their drought tolerance in the field. The main task was 
to assess the efficiency of the antioxidant defence sys-
tem and its contribution to the stress tolerance of wheat 
cultivars with different drought susceptibility. dehy-
dration induced changes in the quantity of distinctive 
biochemical stress markers were also estimated.

MATERIALS ANd METHodS

Plant material and growing conditions
Two common wheat (Triticum aestivum L.) cul-

tivars were used in the experiments, which differ in 
their drought tolerance in the field: cultivar ‘Guinness’ 
has very high drought tolerance. In contrast, cultivar 
‘Niki’ is less tolerant (Chipilski, 2015). After germi-
nation on wet filter paper for two days at 21ºC, young 
seedlings were transferred to a half-strength Hoagland 
nutrient solution in a climatic chamber with a 12 h 
photoperiod, 60% relative humidity and 25/20ºC day/
night temperatures. osmotic stress was imposed on 
10-day-old seedlings by soaking their roots in 20% 
PEG 8000 (Fluka, Germany) for 48 h. Plants remain-
ing on nutrient solution served as untreated controls.

Relative water content (RWC) in the leaves was 
estimated as described in turner (1981) and was cal-
culated from the equation: 

RWC = (FW – dW)/(TW – dW) × 100,
where FW is the fresh weight of the leaves, TW is 
the weight at full turgor, measured after floating the 
leaves for 24 h on the water in the light at room tem-
perature, and dW is the weight estimated after drying 
the leaves for at least 4 h at 80ºC or until a constant 
weight is achieved.

Membrane injury index was estimated by meas-
uring electrolyte leakage from leaves and calculated 
from the equation: 

I = [1 – (1 – T1/T2)/(1 – C1/C2)] × 100,
where T1 and T2 are conductivity values of treated 
samples before and after destroying the tissues by 
boiling, and C1 and C2 are values of respective con-
trols (elbasyoni et al., 2017).

Biochemical analyses were carried out using fresh 
material from the first fully developed plants’ leaves 
in six technical replications.

Free proline content was evaluated in fresh leaf tis-
sue by the ninhydrin method (Bates et al., 1973). Fresh 
leaf material (300 mg) was ground in 3% sulfosalicylic 
acid and subsequently finely filtered. The filtrate re-
acted with glacial acetic acid and freshly prepared 
acid-ninhydrin reagent for 60 min at 100°C. Absorp-
tion was recorded at 520 nm, and proline concentration 
was calculated from a previously prepared standard 
curve with known concentrations of L-proline (Fluka, 
Germany). To estimate total amino acids and reducing 
sugars, ethanol extracts were prepared by stirring 1 g 
of fresh leaf tissue in 5 ml 95% ethanol followed by a 
subsequent triple rinse with 5 ml of 70% ethanol. After 
centrifugation at 4500 g for 5 min, supernatants were 
collected, evaporated to dryness and dissolved in 1 ml 
deionised water and used for further analysis.

Total amino acid content was determined ac-
cording to the ninhydrin reaction, and absorbance 
was recorded at 570 nm (yemm & CoCkinG, 1955). In 
addition, a previously plotted standard curve was pre-
pared using a mixture of equivalent concentrations of 
L-glutamine and L-asparagine (Fluka, Germany).

Reducing sugars were analysed by the phenol-
sulphuric acid procedure of hydrolysation of sucrose, 
and extinction was read at 490 nm using glucose as 
standard (Ashwell, 1966).
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Total phenolic content was assessed by swain & 
Goldstein (1964) method involving a reaction mix-
ture of leaf extract and Folin-Ciocalteu reagent incu-
bated in the presence of 1M Na2Co3 for 2 h at room 
temperature. Absorbance was recorded at 725 nm, 
and a standard curve was prepared with gallic acid.

Flavonoid content was determined as described 
in Zhishen et al. (1999). Ethanol leaf extracts (1 g 
fresh material was extracted with 100 ml 95% etha-
nol for 60 min) reacted with NaNo2 (1:20) for 5 min, 
then AlCl3 and NaoH were subsequently added and 
well mixed. Absorbance was measured at 510 nm on 
a spectrophotometer Shimadzu uV-1601 uV-Vis-
ible (Shimadzu, Japan), and flavonoid content was 
expressed in rutin equivalents.

Malondialdehyde (MDA) content was estimated 
after Cakmak & horst (1991). Leaf material was ho-
mogenised in 0.1% trichloroacetic acid (TCA) and 
centrifuged for 20 min at 10 000 g. Aliquots of the 
supernatant reacted with 0.5% (w/v) thiobarbituric 
acid dissolved in 20% TCA for 30 min at 100°C. Ab-
sorbance was measured at 532 nm with correction 
at 600 nm, and MdA content was calculated with a 
molar extinction coefficient 155 -1cm-1.

Hydrogen peroxide (H2O2) was measured ac-
cording to Alexieva et al. (2001) in a reaction mix-
ture from 0.5 ml leaf extract (0.3 g leaf material was 
ground in 0.5% TCA and 100 mM K-phosphate 
buffer at pH 7.4) and 2 ml 0.5M KI. It was developed 
for 60 min in darkness, after which absorbance was 
measured at 352 nm, and hydrogen peroxide was cal-
culated from a standard curve prepared with known 
amounts of the substance.

Ferric reducing antioxidant power (FRAP) 
assay was used to assess total antioxidant activity 
(benzie & szeto, 1999). Leaf extract was prepared 
by grinding 1 g plant material with 10 ml 80% etha-
nol in the ice bath and then centrifuging the homoge-
nate at 10 000g for 20 min at 4°C. Aliquots of 100 µl 
supernatant reacted for 10 min at 37°C with 3 ml 
FRAP reagent prepared with 300 mM acetate buffer 
(pH 3.6), 10mM TPTZ (2,4,6-tripyridyl-s-triazine), 
40 mM HCL and 20 mM FeCl3.6H2o. The reduction 
of the Fe3+/tripyridultraizine complex by leaf extracts 

was detected by measuring the increase in absorb-
ance at 593 nm. Values were expressed as antioxi-
dant concentration having a ferric reducing ability 
equivalent to that of 1 mmol/l FeSo4.

Free radicals scavenging activity was measured 
according to brand-williams et al. (1995), using 
1,1-diphenyl-2-picrylhydrazyl (dPPH). Methanol 
solution of 60 μM DPPH was mixed with 100 μl plant 
extract. The absorbance decrease was recorded at 
517 nm using a spectrophotometer, representing the 
transformation of the initial oxidised to the reduced 
form of dPPH. The per cent inhibition of dPPH (%) 
was calculated by the equation: 

dPPH (%) = [(Ablank – Asample)/ Ablank] × 100,

where Ablank is the absorbance of the control reaction 
(containing all reagents except the extract), and Asam-

ple is the absorbance of the extract.

Statistical analysis
data from two independent experiments with at 

least three technical replications were subjected to 
one-way analysis of variance (ANoVA). Mean val-
ues and standard errors (SE) were calculated, and the 
significance of differences at p < 0.05 was analysed 
using Ducanʼs multiple range test. Statistical analy-
ses were performed using Statgraphics Plus, version 
5.1 for Windows.

RESuLTS

osmotic stress with PEG caused a severe re-
duction in leaf water content in both studied wheat 
genotypes. Still, better-preserved leaf hydration was 
observed in ‘Guinness’, which retained higher RWC 
values (Fig. 1a). A higher degree of membrane injury 
following PEG treatment in comparison to untreated 
controls was found in ‘Niki’, while ‘Guinness’ was 
less affected (Fig. 1b). under control conditions, 
‘Niki’ had significantly higher hydrogen peroxide 
present in the leaves than ‘Guinness’. After dehy-
dration, H2o2 levels in both cultivars increased, with 
‘Niki’ sustaining higher amounts of H2o2 in the leaves 
than ‘Guinness’ (Fig. 1c). However, control levels of 
MdA in the leaves of the two cultivars differed with 
higher values estimated in ‘Guinness’. dehydration 
caused a 23% increase in MdA in ‘Niki’, while in 
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‘Guinness’ significant increase in MDA was not de-
tected (Fig. 1d).

Both cultivars’ free proline content in control plants 
was similar, but osmotic stress caused a more signifi-
cant increase in the amounts of this imino acid in cv. 
‘Guinness’, more than 16-fold, while ‘Niki’ proline 
increased 11.8-fold compared to respective controls 
(Fig. 2a). Higher amounts of amino acids were meas-
ured in ‘Niki’ than in ‘Guinness’ under control condi-
tions, and PEG treatment induced an increment of ca. 
62% in ‘Niki’ and only 43% in ‘Guinness’ (Fig. 2b). 
Increased amounts of reducing sugars were observed 
in the leaves of the two studied wheat genotypes in re-
sponse to the induced osmotic stress. In ‘Niki’ leaf sug-
ar content increased twice due to dehydration, while in 
‘Guinness’, the increase was almost 3-fold (Fig. 2c).

Control levels of flavonoids were almost three times 
higher in ‘Niki’ compared to ‘Guinness’. However, os-
motic stress caused a more significant increase in these 
substances in ‘Guinness’ (Fig. 3a). Phenolic compounds 
were higher in ‘Niki’ compared to ‘Guinness’ under 
control conditions. Although osmotic stress caused a 
more significant increase in their content in ‘Niki’, still 
higher phenols were measured in ‘Niki’ (Fig. 3b). High-
er antioxidant activity was observed in ‘Niki’ controls, 
but PEG treatment induced greater increases in FRAP 
in ‘Guinness’ (Fig. 3c). Higher amounts of dPPH were 
observed in cv. ‘Guinness’ under control as well as un-
der osmotic stress conditions (Fig. 3d).

Fig. 1. Relative water content (RWC) (a), Injury index (b), H2o2 (c) and malondialdehyde (MdA) (d) in leaves of two wheat 
cultivars subjected to osmotic stress with 20% polyethylene glycol (PEG) 8000 and in controls. data are means ± SE (n = 6). 
Different letters represent significant differences at p < 0.05

Fig. 2. Amounts of free proline (a), total amino acids (b), and 
reducing sugars (c) in leaves of two wheat cultivars subjected 
to osmotic stress with 20% polyethylene glycol (PEG) 8000 
and in controls. data are means ± SE (n = 6). different letters 
represent significant differences at p < 0.05
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coping with the adverse effects of stress, which in-
volve osmoregulation and scavenging of toxic RoS 
by enzymes or powerful antioxidants (Ma et al., 2014; 
Blum, 2017). osmoregulation could be achieved by 
accumulating low molecular substances called com-
patible solutes like amino acids, sugars, polyols, and 
polyamines that contribute to osmotic adjustment by 
counteracting the effects of dehydration at the cellu-
lar level (Slama et al., 2015; Blum, 2017). Besides 
osmoprotection, other functions attributed to these 
substances are sources of energy and reducing pow-
er, protecting proteins from denaturation and RoS 
scavenging capacity. Higher amounts of proline were 
accumulated in ‘Guinness’ in response to PEG treat-
ment, while in ‘Niki’, amino acids and reducing sugars 
were preferred compatible solutes. However, it should 
be concluded that ‘Guinness’ demonstrated better os-
motic adjustment, which probably contributed to bet-
ter water retention capacity and membrane protection. 
A possible function of proline was associated with its 
role in protecting membranes from oxidative stress 
(Slama et al., 2015). Its accumulation usually results 
from de novo synthesis, while increased amounts of 
amino acids might be due to protein degradation.

Plant antioxidant defence comprises several en-
zymes (catalase, peroxidase, superoxide dismutase, 

dISCuSSIoN

Plant responses to drought stress involve metabolic 
changes which support survival in an adverse environ-
ment. The first symptom of dehydration is loss of turgor 
due to water disappearance from tissues. Maintenance 
of cellular and tissue water content and preservation 
of membrane integrity are of primary importance for 
sustaining plant metabolism (abobatta, 2019). under 
the provoked dehydration through PEG treatment, both 
wheat genotypes experienced leaf water loss evidenced 
by decreased RWC. dehydration was accompanied by 
impaired membrane permeability, more clearly ob-
served in ‘Niki’ along with higher amounts of hydrogen 
peroxide estimated after PEG treatment. The damag-
ing effect of hydrogen peroxide on cellular membranes 
could be attributed to its action as RoS. MdA forma-
tion is another reliable indicator of membrane damage 
resulting from the peroxidation of membrane lipids 
(Ma et al., 2014; sperdouli & moustakas, 2012). 
MdA increased in ‘Niki’ under osmotic stress, while 
‘Guinness’ did not have significantly higher amounts 
compared to respective controls. It could be concluded 
that plants from ‘Niki’ experienced more significant 
oxidative damage than those from ‘Guinness’.

Various protective mechanisms exist in plants for 

Fig. 3. Leaf content of flavonoids (a), total phenolics (b), ferric reducing antioxidant power (FRAP) (c), and 1,1-diphenyl-2-
picrylhydrazyl (dPPH) (d) in leaves of two wheat cultivars subjected to osmotic stress with 20% polyethylene glycol 8000 and 
in controls. Data are means ± SE (n = 6). Different letters represent significant differences at p < 0.05
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glutathione reductase), which actively remove RoS. 
Still, many low molecular weight components are 
also recognised for their antioxidant capacity, such 
as ascorbate, glutathione, carotenoid pigments, fla-
vonoids (aGati & tattini, 2010). For example, fla-
vonoids act in the scavenging of toxic H2o2 since 
they are oxidised by peroxidase enzymes, which use 
hydrogen peroxide as a substrate (Ma et al., 2014). 
This was also evidenced from our results, where a 
more significant increase of flavonoids in ‘Guinness’ 
correlated with lower amounts of H2o2 in its leaves 
after dehydration compared to ‘Niki’. Also, in ‘Guin-
ness’, higher amounts of DPPH and a more signifi-
cant increase in FRAP was observed in response to 
PEG treatment, which provided higher antioxidant 
power and free radical scavenging activity.

CoNCLuSIoNS

Although PEG treatment induced similar reactions 
in the two wheat genotypes, ‘Guinness’ demonstrated 
better water retention ability, lower membrane injury, 
more significant proline accumulation and higher anti-
oxidant and free radical scavenging activity than Niki’. 
Thus, ‘Guinness’ could be regarded as more tolerant 
to osmotic and oxidative stresses provoked by dehy-
dration than ‘Niki’, which was in accordance with its 
performance in the field. Additionally, the use of PEG 
solutions in laboratory conditions represented an ex-
cellent alternative for studying the effects of drought 
on young wheat plants. The chosen physiological pa-
rameters were good predictors for the dehydration re-
action and could be used as express laboratory screen-
ing criteria for choosing tolerant wheat cultivars. Most 
eloquent differences were estimated in RWC, Injury 
index, osmolytes, phenolics and hydrogen peroxide 
contents. disclosing the physiological features that 
contribute to stress tolerance would assist the selec-
tion of high-yielding varieties with better capacity to 
confront and survive environmental challenges.
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DVIEJŲ GENOTIPŲ KVIEČIŲ FIZIOLOGINĖS REAKCIJOS Į OSMOSINĮ STRESĄ  
PALYGINIMAS

Elisaveta Kirova, Irina Moskova, Tania Kartseva, Konstantina Kocheva

Santrauka

Augalų atsparumo stresui mechanizmų tyrimai 
gali padėti atrinkti augalų veisles, turinčias didesnį 
gebėjimą išgyventi nepalankiomis aplinkos sąlygo-
mis. Dėl to labai svarbu nustatyti augalų fiziologines 
savybes, kurios didina jų atsparumą stresui. Dviejų 
paprastojo kviečio (Triticum aestivum L.) veislių, 
kurios turi skirtingų savybių ir skirtingai atsparios 
sausrai, augalai 48 val. buvo veikiami 20 proc. po-
lietilenglikolio 8000 tirpalu. Jis augalams sukėlė 
papildomą osmosinį ir oksidacinį stresą bei skirtin-
gas fiziologines reakcijas. Tyrimais nustatyta, kad 
geresniu gebėjimu lapuose sulaikyti vandenį ir ma-

žesniu membranų pažeidimo laipsniu pasižymėjo 
‘Guinness’ negu ‘Niki’ veislės kviečiai. Geresnis au-
galų gebėjimas lapuose sulaikyti vandenį ir didesnis 
membranų atsparumas pažeidimams teigiamai kore-
liavo su geresniu osmosiniu prisitaikymu, didesniu 
sukaupto prolino kiekiu ir didesniu antioksidaciniu 
gebėjimu sugerti vandenį. Palyginti su tirpiaisiais 
cukrais ir bendromis laisvosiomis aminorūgštimis, 
prolinas labiau prisidėjo prie lapų gebos išsaugoti 
vandenį. Manoma, kad tokį savybių derinį lėmė šios 
veislės genotipinis pranašumas, nuo kurio gali pri-
klausyti geresnis produktyvumas sausros sąlygomis.
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