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Introduction
The decreasing precipitation in combination with increasing temperature are the most
important yield-limiting factors and these are threatening the food security worldwide
(Daryanto et al., 2017). Drought is one of the most limiting stressors for cereals, including
wheat, that harms the crop growth physiology and productivity (Fahad et al., 2017), it can
reduce the amount of biomass more than 25% and causes a large crop failure (Zhang et al.,
2018). Besides the deficit of rainfall, the unusually high amount of precipitation can also
affect the plant growth negatively. Soil waterlogging affects 25% of the wheat plantation
worldwide (Powell et al., 2012). Wheat can tolerate the waterlogging for different time
period and its resistance depends on both the plant’s maturity stage and the temperature
(Ding et al., 2018).
The presented study aimed to determine the crop water demand and transpiration productivity
of five cultivated winter wheat varieties. Furthermore, the investigation of the influence of
waterlogging and drought occurring in the different stages of the plant growth.
Materials and methods
Five winter wheat varieties had been examined (‘Mv Toborzó’, ‘Mv Mambó’, ‘Mv Karizma’,
‘Mv Pálma’ and ‘Bánkúti 1201’) under controlled greenhouse conditions in Martonvásár,
Hungary. Experimental design involved three treatments: a) (K; the plants received optimal
water-supply constantly (soil relative water content (SRWC))=60%), b) a waterlogging
stress-treatment (SZ) in a four-leaf stage of the plants (5 cm water coverage above the soil
surface) and c) the second stress-treatment: the plants get both of the waterlogging at the
early stage and in heading a drought stress (SZ+KAL) had been simulated by stopping the
watering completely (till the soil water content dropped below 5%). Five plants were planted
in pots containing 10 litres homogenous soil mixture and every treatment were replicated
three times. The most important parameter, the water use efficiency (WUE) was calculated
by dividing the whole grain yield with total water usage during the vegetation period. Twoway ANOVA test was applied to determine the effects of the factors (water supply and
genotype) and Tukey post hoc test was used to comparing the means.
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Results and discussion
The waterlogging significantly decreased the grain weight of ‘Bánkúti 1201’ and ‘Mv
Toborzó’; their measured values were 40% and 30% lower, respectively than of the
control. Ding et al. (2018) have also found that waterlogging reduces the grain weight.
As result of waterlogging treatment, the water uptake of plants has been significantly
decreased in ‘Bánkúti 1201’ (10%), although slightly increased in ‘Mv Karizma’, ‘Mv
Mambó’ and ‘Mv Pálma’ (6%, 12%, 22%, respectively). According to Saraim et al.
(2008), waterlogging resulted an increase in water uptake in wheats. We found that the
combined treatment (waterlogging in early stage and drought by heading) significantly
decreased the grain weight in every genotype. ‘Bánkúti 1201’ was the most susceptible
to the combined stresses as the yield decreased with 73%. The highest adaptive potential
was observed in ‘Mv Pálma’ (38% yield reduction). Ding et al. (2018) have also observed
a significant decrease in grain yield of wheat as affected to waterlogging and drought
stresses. As the effect of the combined treatment, the water use of ‘Mv Pálma’ did not
change significantly, but in case of the other varieties, statistically significant reduction
in water uptake was observed; 31%, 27% and 26% in ‘Mv Karizma’, ‘Bánkúti 1201’ and
‘Mv Toborzó’, respectively. The waterlogging treatment resulted no changes in water use
efficiency with one exception of genotype ‘Mv Karizma’. On the other hand, the combined
treatment resulted in a significant decrease in every studied variety.
Conclusions
We concluded that the treatments affected ‘Bánkúti 1201’ the most adversely, whereas
‘Mv Pálma’ and ‘Mv Karizma’ showed promising level of adaptability.
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