
117

Acta Horticulturae et Regiotecturae – Special Issue/2021 Vladimír Kišš, Andrej Tárník, Ján Čimo

Drought is a normal part of the world climate, and it can 
occur in any climate regime around the world, even deserts 
and rainforests (WMO & GWP, 2016; Lecina-Diaz et al., 2020). 
Drought is one of the more costly natural hazards on a year-
to-year basis; its impacts are significant and widespread, 
affecting many economic sectors and people at any time 
(Zhong, Cheng, Wang, 2020; Engstrőm, Jafarzadegan, 
Moradkhan, 2020). Drought is one of the deadliest natural 
hazards, and the universal definition of the term has proven 
to be elusive yet (Lloyd-Hughes, 2013). According to Palmer 
(1965) a drought period may be defined as an interval of 
time, generally of the order of months or years in duration, 
during which the actual moisture supply at a  given place 
rather consistently falls short of the climatically expected 
or climatically appropriate moisture supply. The discussion 
of the disciplinary perspectives of drought which follows 
is the result of a review of more than 150 published 
definitions (Coles, Eslamian, 2018). For purposes of 
discussion, these definitions of drought are clustered into 
four types: meteorological, hydrologic, agricultural, and 
socio-economic (Wilhite, Glantz, 1985; Dracup, Lee, Paulson 
Jr, 1980).

Meteorological drought refers to the abrupt absence 
of or deficiency in precipitation in comparison with 
the “normal” condition. The “normal” precipitation is 
represented by a long-term mean value (generally 30 

years or more) of precipitation of the concerned station 
or region (Bhuiyan, 2017; Quiring, 2009). Hydrological 
drought refers to a lack of water in the hydrological 
system, manifesting itself in abnormally low streamflow 
in rivers and abnormally low levels in lakes, reservoirs, and 
groundwater. It is a part of the bigger drought phenomenon 
that denotes current natural hazard (Van Loon, 2015; Stahl 
et al., 2020). Agricultural drought is considered to have set 
in when the soil moisture availability to plants has dropped 
to such a level that it adversely affects the crop yield and 
hence agricultural profitability (Mannocchi, Todisco, Vergni, 
2004; Toková, 2019). In brief, the definition of agricultural 
drought is concerned with the soil moisture deficiency in 
relation to meteorological drought and climatic factors 
and their impacts on agricultural production and economic 
profitability (Łabędzki, Bąk, 2014; Seshasai, Murhy, 
Chandrasekar, Mohammed, Prabir, 2016). The first three 
types of droughts are viewed as physical phenomena, 
and socioeconomic drought is associated with local water 
supply, which tracks water demand through socioeconomic 
systems. As population, industries and urbanization 
grow, the water demand increases, and socioeconomic 
drought becomes a major concern (Mehran, Mazdiyasni, 
AghaKouchak, 2015; Tu, Wu, Singh, Chen, Lin, Xie, 2018). 
Socioeconomic drought thereby refers to the condition that 
water supply cannot satisfy demand, leading to societal and 
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Meteorological drought was defined as a period with 
no precipitation for purpose of this study. In this paper, the 
evaluation criterion is used as in Petrovič (1960). Dry periods 
are divided into three groups according to the number of 
consecutive days without precipitation:
a) 5 days and more (5–9 days);
b) 10 days or more (10–19 days);
c) 20 days or more, the day of 0.1 mm rainfall not interrupting 

the dry season.

Agricultural drought is not measured as a direct function 
of precipitation and hydrological availability of water, 
because soil types vary in their water uptake and holding 
capacity, and crops have different moisture needs (Wandel, 
Diaz, Warren, Hadarits, Hurlbert, Pittman, 2016; Báreková, 
Bárek, Kováčová, Novotná, Kišš, 2020). 

To assess the available water storage in the soil for 
vegetation cover, the characteristic points of the moisture 
retention curve (characteristic states of retention-water 
content in the soil) are selected on the basis of a convention 
(Kutílek, Nielsen, 1994):
a) wilting point corresponding to pF = 4.18 (it is such 

soil moisture when the plant cover is permanently 
insufficiently supplied with water from the soil and 
withers); 

b) a point of reduced availability corresponding to the value 
of pF = 3.3 (characterized by soil moisture at which the 
physiological processes of the plant cover are limited by 
the deficiency);

c) field water capacity corresponding to the value pF = 2.0 
to 2.7 (characterized by soil moisture, which is maintained 
in the soil profile for a relatively long time, while the 
aeration of the soil is still sufficient for the development 
of plant cover (Šútor, Gomboš, Mati, 2005).

Agricultural drought was determined as the value below 
the amount of water storage in the soil profile accessible to 
plants calculated from the formula (Antal et al., 2014):

  (1)

where:
θi – current soil moisture of the i-th layer (m3.m-3)
θV, i – wilting point of the i-th layer (m3.m-3)
hi – the thickness of the i-th layer of the soil profile 

(mm)

The water storage (WR) was calculated as the sum of 
the values for the horizon 0–0.15 m and 0.15–0.30 m. The 
wilting point values were taken from Igaz, Štekauerová, 
Horák, Kalúz, Čimo (2011), where they determined the soil 
properties of 111 samples taken from the Nitra river basin.

We compared meteorological and agricultural drought 
in each year from March to November, which is the month 
before the beginning and the month after the end of the 
growing season. Due to the climate change, the length of 
the growing season of agricultural crops is also changing 
(Čimo et al., 2020; Sar, Avci, Avci, 2019; Plich, 2017). Climate 
anomalies that occur during these periods will have a large 
impact on vegetation growth (Chen, 2018). 

economic disruptions, and environmental impacts (Eklund, 
Seaquist, 2015; Guo et al., 2019).

Several common features of drought propagation 
have been revealed, such as droughts getting longer in 
duration in moving from meteorological to soil moisture 
to hydrological drought (Wang, Ertsen, Svoboda, Hafeez, 
2016). In our paper we will focus on the comparison of 
meteorological and agricultural drought in the Nitra river 
basin, Slovakia.

The meteorological stations of the Department of 
Biometeorology and Hydrology of the SUA in the Nitra River 
Basin (Slovakia) were used for the research (Figure 1). This 
basin extends between two basins – the Váh basin from the 
north and west and the Hron basin from the east. The total 
area of the Nitra river basin is 4,501 km2 (Mazúr, Lukniš, 1980; 
Borgula, 2020). At selected stations – Bystričany, Solčany and 
Palárikovo (Figure 1), soil moisture was recorded at horizons 
0–0.15 m and 0.15–0.30 m. Total precipitation was provided 
from the Slovak Hydrometeorological Institute.

Figure 1 The Nitra river basin
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Figure 2 Comparison of meteorological and agricultural drought in the locality of Bystričany for years: (a) 2015; (b) 2016; (c) 
2017; (d) 2018 a (e) 2019

Several factors can be considered when assessing drought 
in a landscape. The basic indicator of drought in the 
landscape is the meteorological drought, which evaluates 
precipitation less periods. However, for the purposes of 
agricultural practice, it is only a secondary indicator. The soil 
water content and thus the assessment of soil drought is 
essential for growing crops.

The disadvantage of assessing drought based on 
precipitation is that it interrupts the meteorological 
drought. However, soil drought may continue. The analysis 
of the data shows that soil drought is often not interrupted 

by rainfall with a daily total above 10 mm and even above 20 
mm or is interrupted only for a very short time.

It is a long-standing fact that the distribution of 
precipitation is changing. Several sources (De Luis, 
Gonzalez-Hidalgo, Longares, Stepanek, 2008; De Luis, 
Cufar, Saz, Longares, Ceglar, Bogataj, 2014; Salman, Shahid, 
Ismail, Ahmed, Chung, Wang, 2019) report a decrease in 
precipitation in the spring. This potentially causes a problem 
for the growth of the new crop. Our measurements and 
analyses also confirm the recurrence of meteorological 
drought. Nevertheless, in the spring there is no decrease 
in soil moisture, the critical limit of the point of reduced 
availability.

Recently, however, this trend has been changing. 
The trend of movement of the occurrence of agricultural 

Results and discussion
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drought to the spring period can be observed in the locality 
Bystričany and in the long term also in the locality Palárikovo. 
While the Palárikovo locality is the southernmost monitored 
locality in the middle of the lowlands, the Bystričany 
locality is in the northern part of the territory in a relatively 
undulating landscape.

Another negative trend is the prolongation of the 
duration and continuity of the occurrence of agricultural 
drought. This trend is clearly visible in the localities of 
Bystričany, Solčany and Palárikovo.

The occurrence of meteorological as well as agricultural 
drought in the Bystričany locality has changed quite 
significantly (Figure 2). At the beginning of the observed 
period, meteorological drought occurred relatively 
frequently, but its occurrence was not continuous (Figure 

2a). In recent years, drought has occurred not only in the 
summer months but also in the autumn and often in the 
spring (Figure 2b–2e). At the same time, the individual dry 
seasons merge into longer periods.

Meteorological drought in the Solčany locality (Figure 
3) occurs regularly almost throughout the whole year. 
However, agricultural drought is becoming more regular 
only in the recent monitored years (Figure 3c–3e). At 
the beginning of the research, the agricultural drought 
almost did not occur (Figure 3a–3b). Here we observe the 
adverse consequences of the climate change when the 
meteorological prolongation occurs, at the same time as the 
occurrence of agricultural drought.

Palárikovo is the southernmost monitored locality. In this 
location, the changes are most pronounced. The occurrence 

Figure 3 Comparison of meteorological and agricultural drought in the locality of Solčany for years: (a) 2015; (b) 2016; (c) 2017; 
(d) 2018 a (e) 2019
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of meteorological drought is regular and even occurs in 
the spring and autumn months (Figure 4a-4e). The periods 
are both continuous and longer. Agricultural drought also 
occurs regularly. We also monitor its prolongation and its 
movement into the spring and autumn months.

Table 1 shows the number of days with the occurrence of 
agricultural drought in the months from March to November 
in the years 2015–2019 in each of the localities.

Several factors need to be considered when comparing 
meteorological and agricultural droughts. In this work, 
we considered the period without precipitation and with 
precipitation up to 0.1 mm as a meteorological drought. 
Brezianská and Vitková (2015) consider days without 
precipitation and days with precipitation up to 3 mm as 
meteorological drought. Using this methodology, the 

length of meteorological drought in our selected localities 
would be significantly extended. In recent years, not only 
in Slovakia, but unevenly distributed precipitation-free 
periods and periods of intense precipitation have been 
recorded worldwide, mainly at the regional level (Zhai, 
Zhang, Wan, Pan, 2005; Pal and Al-Tabbaa, 2009). Several 
authors (Vitková, Šútur, Šurda, Stradiot, 2015; Šútor, Šurda, 
Štekauerová, 2011) consider soil drought below the wilting 
point, which we also used in our work and reflected the 
water supply available to plants. 

However, in order to increase agricultural production, it 
is necessary to focus not only on meteorological drought, 
but also on agricultural drought and soil characteristics in 
individual localities. In this work, we analysed the drought to 

Figure 4 Comparison of meteorological and agricultural drought in the locality of Palárikovo for years: (a) 2015; (b) 2016; (c) 
2017; (d) 2018 a (e) 2019
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the depth of 0.30 m, but in the deeper layers there may be 
enough moisture for the root system of the crops.

Conclusions
More frequent periods of drought are visible more and more 
often in Slovakia. In this work we compared the dependence 
between meteorological drought and agricultural drought, 
which are interesting from the agricultural point of view. In 
the selected localities of the Nitra river basin, we observed 
the occurrence of meteorological drought not only in the 
summer months, but also in spring and autumn. However, 
this drought is interrupted by precipitation and does not 
fully correspond to the agricultural (soil) drought, which 
lasts for a longer period. It is therefore necessary to focus 
research on the impact of these two droughts, but also on 
the soil characteristics in specific localities. 
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