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Abstract

The cultivation of vegetables in Slovakia has traditionally occurred in the vicinity of human
settlements, predominantly in allotments. Large-scale vegetable production requires not only
intensification measures but also a strategic selection of regions with optimal soil and climatic
conditions. In Slovakia, this selection is limited by the availability of arable land suitable for vegetable
cultivation. This study quantifies and delineates areas that are very suitable, suitable, poorly suitable,
and unsuitable for the major vegetable species grown in the region. The findings indicate that the
largest proportion of very suitable arable land is best suited for the cultivation of cauliflower (35%),
celery (33%), beans (31%), and beetroot (28%). Conversely, the analysis reveals that a significant
proportion of arable soils possess potentially unsuitable conditions for specific crops, with asparagus
(94%), peppers (80%), and cucumbers (71%) exhibiting the highest percentages. In addition, an
analysis of actual vegetable cultivation between the years 2020 and 2024 indicates that a substantial
portion of certain crops, specifically 75% of celery, 59% of tomatoes, 56% of cauliflower, and 54% of
carrots are cultivated in areas that are very suitable for their growth. In contrast, 81% of pumpkin,
79% of beetroot, and 47% of beans are produced in unsuitable conditions. By optimizing the selection
of suitable areas and soils, the potential of the Slovak landscape can be utilized more efficiently for
domestic vegetable production.

Keywords: vegetable production; soil parameters; landscape suitable

1. Introduction

Vegetable growing or vegetable cultivation represents a highly specialised domain within the
field of crop production. Its specialisation is determined by the diverse environmental requirements
of individual vegetable species (climate, water, soil quality, atmospheric conditions, etc.), the
heterogeneity of the agricultural techniques used, the increasingly liberalised global commodity
market and the associated economic factors and last but not least the human element itself.
Consequently, a comprehensive understanding of the spatial distribution and environmental
preferences of vegetables is essential. As successful cultivation of this commodity relies on a
methodical approach, objective analysis and integration of both natural and socioeconomic factors,
including knowledge of marketing opportunities.

The botanical diversity among vegetables is significant, as these plant species originate from
various geographical regions of Earth, resulting in a wide array of ecological requirements. Although
humankind is adapting these species to conditions divergent from their native habitats through
selective breeding, the careful selection of growing environments remains essential, particularly for
those vegetables introduced to unfamiliar ecosystems.

Historically, vegetable cultivation in Slovakia has primarily occurred in warmer areas, such as
lowlands and protected floodplains, located at altitudes ranging from 100 to 350 meters above sea
level (m.a.s.l.) with an average annual temperature of 8 to 10 °C. The main regions of vegetable
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production were situated/spread around the Morava, Danube, and Vah rivers and are still
predominant in the southern part of Slovakia, mainly within the lowlands, hilly country and valleys.
Between 2020 and 2024, vegetable cultivation was concentrated in the southwestern part of Slovakia

(Fig. 1).
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Figure 1. Identification of large-scale vegetable cultivation areas in Slovakia between the years 2020 and 2024.

Vegetable production in Slovakia has experienced a significant decline in recent years due to
globalisation. Foreign competition and dumping prices are causing even traditional vegetable
producers to shift their focus towards more economically viable commodities. The extent of
production area has decreased from 40 514 ha in 1998 to 10 187 ha in 2024, i.e. by more than 75 % [1].
Vegetable cultivation in Slovakia has become inefficient not only because of the less favourable
ecological conditions for cultivation in comparison with other countries (Hungary, Spain, Italy,
Netherlands) but also because of the constantly higher prices of fertilisers, seeds, pesticides, water,
and energy. Moreover, the selling prices of vegetables fail to align with the primary production costs
and therefore make their cultivation economically unviable.

Furthermore, according to data from the Ministry of Agriculture and Rural Development of the
Slovak Republic [2], the annual per capita consumption of vegetables is 102,2 kg. In contrast, health
authorities recommend a yearly per capita intake of 128 kg. Surveys indicate that up to 88 % of people
in Slovakia do not consume enough vegetables.

To survive, vegetable producers need to specialise. The first step towards specialisation is
understanding the ecological conditions for the cultivation of the primary vegetable groups in
Slovakia. Said understanding can be greatly increased by information regarding the pedological
characteristics of the environment and the specific cultivation requirements of various vegetable
species [3]. It is important to acknowledge, that we are aware of the fact that the data do not factor in
soil fatigue and therefore the need for crop rotation among different vegetable species within a single
plot. Presently, many species (peppers, tomatoes) are currently grown in monoculture or within the
area of field crops (onions, garlic, carrots, parsley, peas, beans). In addition, the potential production
areas are restricted by the availability of irrigation resources for the vegetables, which are not as
critical for the successful cultivation of field crops. Lastly, the distance of the production areas from
the settlements is also a limiting factor.

In general, the demands on the growing environment of vegetables are significantly higher
compared to field crops. Individual species differ considerably in their requirements for optimal
habitat [4, 5]. Unlike field crops, they cannot be grown extensively in cold and humid climatic regions,
nor can the more thermophilic species be grown in climatic regions that are relatively warm and
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moderately dry. On slopes, the soil with vegetable crops is subjected to much more water erosion
than the soil with field crops. For this reason, even in the past, the selection of cultivation sites for
vegetables has predominantly favoured flat terrains, with severe cultivation restrictions even on
gentle slopes. From a pedological perspective, there are limitations for vegetables which are related
to the pH levels of the soil (Luvisols, Cambisols), soil skeleton (medium and heavy stony and gravelly
soils), soil texture (sandy, loamy and clayey soils) and its waterlogging (Pseudogley soils, Gley soils,
Organosols). Some species are also demanding in terms of humus content (cucumbers, leeks, celery)
or the looseness and depth of the humus horizon or the whole soil profile (radishes, carrots, parsley,
parsnips, lettuce). Almost all species, with the exception of onions and garlic, need to be irrigated
continuously during the growing season. The most water-hungry, celery, requires up to 300 mm of
irrigation water per growing season in drier areas. All these requirements significantly limit the
growing possibilities and are reflected in the proportion of soils classified in each suitability category,
as well as in the area of land (areas) on which the cultivation of each type of vegetable is very efficient
or at least efficient.

The aim of the paper is to identify and spatially define areas suitable or unsuitable for vegetable
cultivation in Slovakia. Secondly, the aim is to show whether the current selection of areas for
vegetable cultivation takes into account the heterogeneity of soil parameters in Slovakia.

2. Materials and Methods

The suitability of the agricultural areas and soils of Slovakia for vegetable cultivation was
analysed in agrarian landscape (large-scale production) outside the built-up area of the villages
(small-scale cultivation in allotments). The suitability analysis of agricultural areas and soils was
conducted on agrarian landscape (large-scale production), outside the built-up areas of villages
(small-scale cultivation in allotments). The background data utilized:

e Databases and vector digital layers delineating basic (stable over the long-term) soil parameters

(Research Institute of Soil Science and Soil Protection Bratislava)

e  GSAA databases containing actual cultivation data for the time period between 2020 and 2024

(Ministry of Agriculture and Regional Development of Slovakia).

e  For the period between the years 2020 and 2024, we evaluated the following vegetable species:

e  Brassica vegetables: Cabbage (Brassica oleracea var. capitala L.), Kale (Brassica oleracea var. sabauda
L.), Kohlrabi (Brassica oleracea var. Gongylodes L.)

e  Root vegetables: Wild Carrot (Daucus carota L.), Parsley (Petroselinum crispum L.)

e  Fruiting vegetables: Cucumber (Cucumis sativum L.), Pepper (Capsicum annuum L.), Tomato

(Solanum lycopersicum L.)
¢  Onion vegetables: Onion (Allium cepa L.), Garlic (Allium sativum L.), Leek (Allium porrum L.)

The analysis excludes variable (changing) parameters, such as soil chemistry, the spatial
relationship of cultivation areas to adjacent settlements, intensification factors (fertilization, irrigation
possibilities), and economic factors.

2.1. Identifying Soils Suitable for Vegetable Growing

The identification process of soils suitable for vegetable cultivation took into account only the
relation of the grown crop to climatic parameters, soil type (group), slope of the cultivation area,
depth of soil, its gravel content and its texture.

The values of the climatic region [6] were determined according to the long-term average sum
of temperatures in individual climatic regions (Table 1).

Table 1. Chosen parameters of soil and climatic regions in Slovakia.

Code Characteristics TS >10°C CMI T veget
(mm) (°O)
00 very warm, very dry, flat >3000 200 16-17
01 warm, very dry, flat 3000-2800  200-150 15-17
02 sufficiently warm, dry, hilly 2800-2500  150-100 15-16
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03 warm, very dry, flat, continental 3160-2800 200-150 15-17
04 warm, very dry, basin-like, continental 3030-2800  200-100 15-16
05 relatively warm, dry, basin-like, continental 2800-2500  150-100 14-15
06 relatively warm, mode.rately dry, highland-like 28002500  100-50  14-15
continental
07 moderately warm, moderately moist 2500-2200 100-0 13-15
08 moderately cold, moderately moist 2200-2000 100-0  12-14
09 cold, moist 2000-1800 60-50  12-13
10 very cold, moist <1800 <50 10-11

TS > 10 °C - sum of average daily air temperatures more than 10 °C. CMI (mm) - climatic moisture indicator
(difference of potential evaporation and precipitation) according to Budyko (Tomlain 1980 [7], Skvarenina et al.,

2004 [8], Dzatko and Sobocka, 2009 [6]). T veget (°C) — average air temperature during vegetation period.

Characteristics and categorization of analyzed soil parameters:

Soil Groups: WRB for Soil Resources [9]: Chernozems - CH, Fluvisol — FL, Luvisols — LV,
Cambisol — CM, Regosol — RG, Leptosol - LP

Slope: plain 0-3° - P, moderate slope 3-7° - MO, medium slope 7-12° - ME, steep slope 12-17° - S;

Gravel contents: soils without gravel (gravel content up to a depth of 0.6 m below 10%) - WI,
weakly gravelly soils (gravel content 10 - 25%) — WE, medium gravely soils (gravel content 25 - 50%)
- ME, strongly gravelly soils (gravel content above 50 %) - S;

Depth: deep (above 0.6 m) - D, medium deep (0.3-0.6 m) - MD, shallow (up to 0.3 m) - S;

Soil Texture (national texture classification according to the content of fraction < 0.01 mm, in %):
sandy — 0-10% - S, loamy-sandy — 10-20% - LS, sandy-loamy — 20-30% - SL, loamy — 30-45% - L, clay-
loamy — 45-60% - CL, clayey — 60-75% - C and clay >75% - CY.

For each vegetable species, the soil parameter requirements were defined as follows (Table 2):

Table 2. Pedogeographic categorization parameters of soil suitability for vegetable cultivation.

Vegetable

Parameters

Soil for growing

very suitable suitable less suitable
Climatic regions 00 to 07 00to 10 00 to10
Cabbage, Soil groups CH, FL CH, FL LV, CM
Kale Slope p p P
Kohlra,bi Gravel WI WI and WE WI and ME
Depth D MD MD
Texture SL to CL SL to CL SL to CL
Climatic regions 00 to 06 00 to 06 00 to 06
Soil groups CH, LV, FL CHLLV, FL CH, LV, FL, RG, LP
Carrot, Slope P P and MO P and MO
Parsley Gravel WI WI to WE WIto WE
Depth D D D
Texture SLtoL SLtoL StoCL
Climatic regions 00 to 04 00 to 04 05 and 06
Soil groups CH, LV, FL CH, LV, FL LV, FL, LP
Cucumber Slope P P and MO P and MO
Gravel WI WI and WE WIand WE
Depth D D D
Texture SLtoL SL to CL SL to CL
Climatic regions 00 00 and 01 01
Soil groups CH, LV, FL CH, LV, FL CH, LV, FL
Pepper Slope P p P and MO
Gravel WI WI WI and WE
Depth D D D
Texture SLtoL StoL StoL
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Climatic regions 00 to 04 00 to 04 05 to 06
Soil groups CH, LV, FL CH, LV, FL,RG,CM CH, LV, FL,CM
Slope P P P
Tomato Gravel WI WI WI
Depth D D D
Texture SL to CL Sto CL SL to CL
Climatic regions 00 to 04 00 to 06 00 to 07
. Soil groups CH, LV, FL,CM CH, LV, FL,RG, CM CH, LV, FLRG, CM,
Onion, LP
Garli Slope P P P
Laeelf / Gravel WI and WE. WI and WE WI to ME
Depth D D and MD DtoS
Texture PHtoH PHtoH PH to IH

The classification of soils into individual suitability categories is the result of the intersection of
layers (databases) of listed parameters in vector format using the ArcGIS 10.4 geographic information
system.

Areas non-compliant to parameters defined in the table are considered unsuitable for large-scale
vegetable cultivation.

2.2. Identification of Actual Vegetable Cultivation Areas

Spatial analysis of areas of real and potential rapeseed cultivation in Slovakia was based on the
research activities carried out till now and the development of data databases resulting from them
and the categorization of pedogeographical parameters [2,10,11] in the agrarian landscape.

The actual cultivation of selected vegetable species was examined for the period between the
years 2020 and 2024. Data on the extent of large-scale vegetable cultivation were obtained from the
GeoSpatial Aid Application (GSAA) database system, which is updated annually by the Ministry of
Agriculture and Rural Development of the Slovak Republic. Supplementary data were drawn from
the Statistical Office of the Slovak Republic and commodity reports issued by the aforementioned
Ministry [2].

These sources also facilitated spatial analyses related to the possibilities, technologies, and
potential use of land for vegetable cultivation in Slovakia.

A final spatial distribution map for each vegetable category was produced using ArcGIS 10.4
software. This was based on a digital vector soil map, which provides point-based spatial data on soil
characteristics, sourced from the Soil Science and Conservation Research Institute in Bratislava. An
analytical overlay of this layer, using the intersection method, was performed with additional spatial
data layers representing soil type, soil texture, climate regions, and geomorphological parameters.
This enabled the assessment of soil suitability for cultivating individual vegetable species.

A comparable methodological framework and algorithm were previously applied in studies
assessing soil suitability for the cultivation of winter wheat [12], sunflower [13], potatoes [14], and
sugar beet [15,16].

3. Results
3.1. Pedogeographic specifics of vegetable cultivation in Slovakia
3.1.1. BRASSICA VEGETABLES

The most notable representatives of Brassica vegetables in Slovakia include cabbage, kale,
cauliflower, kohlrabi, and to a lesser extent broccoli, and napa cabbage. The crops have a
conical/columnar root, which can reach a depth of up to 0,5 m, coupled with poorly distributed lateral
roots. Therefore, the demand of cole crops for fertile, aerated soil is increased. Except for cauliflower
and broccoli, the aforementioned Brassica species demonstrate optimal growth at daily temperatures
of around 20 °C, with both field water capacity and relative humidity of 70 to 80%. In contrast,
broccoli, cauliflower and napa cabbage are much more thermophilic. In drier conditions, Brassicas
require supplemental irrigation. Ideal substrates for cole crops cultivation include sandy loam, loam,
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and clay loam alluvial soils that are rich in humus and essential nutrients. Lighter soil types are
suitable for early-season varieties (warmer areas), whereas heavier soils are better suited for late-
season varieties. The optimal soil pH level is ranging from 6.2 to 7.5. Moreover, all Brassica vegetables
are calcicolous, meaning they thrive in carbonate soil varieties. Additionally, these vegetables are
particularly demanding in terms of air capacity/air-filled capacity, which is linked to the need for
aeration of the soils.

An analysis of the impact of various parameters on the productive capacity of areas for the
cultivation of cabbage, kale and kohlrabi indicates that on gentle slopes (up to 7°) the yield potential
decreases by up to 10 % compared to flat plains. On medium slopes (ranging from 7 to 12°) the decline
in yield varies between 10 and 30 %. Notably, there is no recorded cultivation of cabbage, kale, or
kohlrabi on steep slopes, thereby confirming the preference of these crops for alluvial plains and their
intolerance for incline cultivation. The majority of cabbage cultivation is concentrated in lowland
areas with very warm and warm climate. In these optimal environments, yields of white cabbages
can reach as high as 60 t ha-1 and for red cabbages as high as 65 t ha-1. These notable yields are
particularly evident on loam to clay loam soils of the Chernozems, Flivisols and Luvisols types. The
soil reaction of these often carbonate soils has also contributed to said high yields since cabbages are
not only highly hygrophilous and calcicolous vegetables but also prefer high levels of humus. In arid
areas, irrigation is required, which, in addition to climatic, soil, and terrain conditions, is also an
important determinant that limits its effective cultivation. Slightly waterlogged soils suit cabbage
cultivation. The influence of the soil composition on cabbage yields is substantial and can result in a
sixfold reduction in productivity, falling from 60-65 t ha-1 to 10 t ha-1. Shallow, gravelly and sandy
soils are classified as conditions expressly unsuitable for the cultivation of cabbage. The lowest yields
of this vegetable were harvested on sandy Regosols, gravelly Cambisols and shallow Rendzic soils.

3.1.2. ROOT VEGETABLES

The primary consumable component of root vegetables is, as name already suggests, the
thickened root or root bulb. From the root vegetables, only carrots and parsley are extensively
cultivated in Slovakia. Both of these species exhibit resilience to low temperatures, specifically,
carrots are cold-resistant and parsley is frost-resistant. Additionally, they possess drought resistance
due to their ability to establish roots easily.

Optimal growth conditions for these vegetables include medium textured (sandy loam to clay
loam) humic soils, with a high supply of calcium. The formation of roots tends to be more problematic
in heavier soils. A neutral to slightly alkaline soil reaction is favourable for their growth. Carrots
thrive in deep, sandy loam or sandy soils with good permeability. The soil must be devoid of stones
and hard clods, as these can lead to root deformation.

While carrots can be grown efficiently in both very warm and cooler regions of the country,
parsley is much more heat demanding. Its cultivation in colder regions is limited to the production
of the stem, which is a popular herb in every household. Root vegetables are particularly demanding
in terms of soil depth and gravel content. The most optimal soils are Fluvisols, Haplic Luvisols,
Cherozems and Mollic Fluvisols. Root vegetables are sensitive to excessive clay content in the soil
and do not thrive in conditions of temporary or permanent surface or subsurface waterlogging.
Furthermore, adequate aeration of the soil profile and the overall quality of soil structure plays a
critical role in their successful cultivation. Under conditions of adequate moisture, lighter, sandier
and less humic soils are also suitable. Root vegetables exhibit relatively low demands concerning
humus content. In particular, for the cultivation of carrots with lover nitrate content, which are
favourable for baby food, less humic sandy soils, which were not organically fertilized even at the
beginning of the vegetation period, are optimal. The preferable soil pH level for both carrot and
parsley roots is in the range of 6.0 to 7.0.

In favourable conditions, the highest average yields of carrot roots can reach 30-40 t/ha, whereas
parsley roots typically yield only 20-25 t/ha. An analysis of various influencing factors shows that
even gentle slopes harm the cultivation of these root vegetables, as the soil is easily subjected to water
erosion. The exposure of the slopes does not have a direct effect on the cultivation of these crops, as
steeper slopes are distinctly unsuitable for their cultivation.
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One of the most critical factors for successful cultivation is the avoidance of planting root
vegetables immediately after any species within the same family. Suitable preceding crops include
cereals, early potatoes, legumes, fruiting vegetables, and cole crops.

3.1.3. FRUITING VEGETABLES

The primary limiting factor for large-scale production of fruiting vegetables is temperature. They
are cultivated predominantly in warmer climates. This is particularly true for peppers, courgettes,
aubergines, pumpkins and melons. Notably, tomatoes and cucumbers in particular have high soil
water requirements. Furthermore, all species require light, deep and water-permeable soils that are
rich in humus and mineral nutrients.

Cucumber:

The cucumber is characterized as a thermophilic, hygrophilous and humus-demanding species
within the category of fruiting vegetable. Unlike cabbage, it is not calcicolous and exhibits intolerance
to waterlogged soils, where it is susceptible to fungal diseases. The species requires soils that are
deep, loose and rich in silt particles. Compared with other vegetables, it has an extensive root system
which can extend over a metre from the base of the plant. The root system is particularly sensitive to
the availability of nitrogenous compounds in the soil. Only soils with a high humus content are
suitable for cucumber cultivation. In less humic soils, even increased application of organic fertiliser
fails to enhance fruit yields. The most favourable soil types are Mollic Fluvisols, Cherenozems,
Rendzic Letosols, Calcaric Cambisols and the more humic Fluvisolos, found in warm lowland and
basin areas. Conversely, Haplic Luvisols and Cambisols, as well as acidic Luvisols, Dystric Planosols,
Gleysols, Skeletic Leptosols and Regosols are unsuitable for cucumber cultivation. Loam and sandy
loam soils are ideal for this species, while clay loam and loamy sand soils with weak skeletal
structures are less suitable. Cucumbers do not thrive on sand and clay soil, or even on medium and
heavily gravelly and stony soils. The depth of the soil also has a significant effect on the yield of
cucumbers. Medium-depth and shallow soils are particularly unsuitable because of their rapid
desiccation and lower nutrient-holding capacity. However, this is not the case in foil greenhouses
and glasshouses, where the favourable moisture content of the substrate is constantly monitored and
adjusted by the producer. Similarly, nutrients are continuously replenished by fertilisation
throughout the growing season.

The spatial coverage of cucumber foliage within the cultivation area is sufficient to allow this
fruiting vegetable to be grown even on a gentle slopes. However, medium slopes with a steepness
of 7-12°, as well as steep slopes and scarps should be excluded from cucumber cultivation.

The optimal soil pH level for cucumber cultivation is between 6,0 and 7,2 in KCI (Potassium
chloride). Acidic soils require liming at the beginning of the vegetation period or liming at lower rates
immediately before planting or sowing the plants. Furthermore, the water requirements for irrigation
are extremely high. Consequently, large-scale cultivation without access to a water source for
artificial irrigation is generally economically unviable.

Cucumbers are infrequently integrated into field crop rotation systems due to their specific
environmental needs. The suitable preceding crops are bulbs and legumes, less often root vegetables.
The practice of monoculture for cucumbers is not advisable, primarily due to the prevailing issues
associated with soil fatigue.

Pumpkin:

Pumpkins, courgettes and pattypan squashes best thrive in loam and sandy loam soils with
sufficient humus content. While non-skeletal soils are preferred for optimal growth, pumpkins can
tolerate slightly gravelly or stony soils, provided they are sufficiently deep. In lighter soils, said
species require intensive irrigation, which compromises the profitability of their cultivation. The most
suitable soil types are Fluvisols, Chernozems, Mollic Fluvisols, alternatively Luvisols and Cambisols.
Due to the relatively low soil cover provided by these plants, only flat areas and gentle slopes up to
7° are suitable for the cultivation of the aforementioned species.

Pumpkins, pattypan squashes, and courgettes prefer carbonate soils but grow well even in
slightly acidic soils with a pH level between 5,5 and 6,5. However, they require organic fertilisation.
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Pumpkins are most often grown after tuberous vegetables or cereals in field rotations. Mixed
cropping with maize or sunflowers is also common, although this often leads to reduced yields.
Courgettes and patty squashes require separate plots, although they can also be grown on a large
scale in the field. Potatoes and legumes are optimal preceding crops for these vegetables

Pepper:

Pepper belong to a highly thermophilic species of fruiting vegetables and are therefore mostly
cultivated through the planting of seedlings, even in the warmest climatic regions of Slovakia
(climatic regions 00 and 01). This species has specific requirements not only in terms of climate but
also concerning the growing substrate and the plot's location. Optimal growth conditions for peppers
are found in fertile humic loam or sandy loam soils, specifically, those classified as Fluvisols,
Chernozems, or Mollic Fluvisols. Consequently, they are mainly grown in the Danubian Plain or the
tablelands of the adjacent Danubian Upland. Peppers do not tolerate waterlogged conditions and
gravelly or stony soils. Water requirements are reflected in the need for deep soils. Moreover, peppers
have a weaker root system and do not flourish in compacted or poorly structured soils.

Due to the low cover area of pepper plants, they are not cultivated on slopes (except those with
a gradient of up to 3°), but rather on flat plains. This preference is essential for mitigation of water
erosion as peppers require adequate irrigation.

As calcicolous plants, peppers’ requirement for a soil pH level ranges from 7,0 to 8,4. As a result,
acidic soils are unsuitable for their cultivation, as are soils lacking carbonates. Slightly acid soils
should be limed before growing this fruiting vegetable.

Peppers cultivated for spice production (such as Paprika) are often grown as a part of the field
crop rotation, however, they require fertilisation with both organic and industrial fertilisers. In these
instances they are typically planted after cereals. In vegetable rotations, peppers are cultivated
following the harvest of bulbs, legumes and root vegetables.

Tomato:

Tomato prefer permeable soils rich in organic matter. As robust plants, they necessitate nutrient-
rich substrates, particularly with a high phosphorus content, to promote optimal fruit development.
Tomato is a hygrophilous and thermophilous fruiting vegetable. They exhibit particular sensitivity
to cold conditions, dying at ground temperatures as low as + 6° C. In addition, tomatoes exhibit
intolerance to humid air, foliar spray irrigation and permanently waterlogged soils, as these
conditions increase their vulnerability to a variety of fungal diseases. The pedological requirements
for tomato cultivation are significant, although less pronounced than for cucumbers. They have a
limited root system and, like brassicas, do not thrive in unstructured, gravelly, stony, compacted, or
waterlogged soils. It is imperative to maintain a moist soil environment at all times therefore constant
irrigation is necessary. Sandy loam, loam and clay loam soils with a deep profile are suitable. In
contrast, sandy and clay soils exhibit inadequate water retention capacity, which excludes them from
tomato cultivation, even if they have shallow or medium-depth profiles. While tomatoes benefit from
organic fertilizers, their requirement for humus content in the soil is moderate. Consequently, they
can be cultivated not only on Fluvisols and Chernozems but also on Luvisols and Cambisols. Given
that the vegetative cover of tomato plants is minimal, only flat parcels are appropriate for cultivation
due to the risk of water erosion. Even gentle slopes have never been used for large-scale tomato
cultivation.

The resistance of tomatoes to carbonate soils is considerable. As they are not calcicolous plants,
they thrive best in slightly acidic to acidic soil with a pH of 5,5 to 6,5. Strongly acidic soils, however,
require balancing before planting, as direct liming is detrimental to tomatoes.

In open, uncovered areas, tomatoes are grown after cereals, legumes and industrial crops. Root
vegetables and alliums are also suitable as preceding crops when cultivating tomatoes in vegetable
rotations. Moreover, tomatoes can be grown in monoculture for several consecutive years without
signs of soil fatigue.

3.1.4. ALLIUM VEGETABLES
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Allium vegetables include extensively cultivated garlic and onions, as well as leeks, chives and
other species, which are typically grown in gardens and on small parts of agricultural land. Onions
alongside cabbages are currently the most widely extensively cultivated vegetables.

While both onions and garlic show the lowest water requirements of all the vegetables, leeks
have a high requirement for constant optimum soil moisture. The ideal cultivation conditions for
onions and garlic are found in warmer, sandy, and less humic soils, whereas leeks thrive in
environments characterized by elevated levels of organic matter and nutrients. In less fertile soils,
only suboptimal yields are produced. Onion and garlic grow well even in shallow soils, whereas leeks
do not tolerate even moderately deep soils. A similar trend extends to soil consistency and texture.
Slightly compacted soils do not harm garlic and onions as much as leeks. The soil pH level
requirements for onions, garlic and leeks are homogenous, ranging from 6,0 to 8,0. As calcicolous
vegetables, these species should not be grown on acidic soils.

Favourable soils for onion and garlic include sandy loam, loam and silt non-wetted Fluvisols,
Chernozems and partly sandy and gravelly carbonate Regosols. The climatic conditions for their
cultivation are generally limited to the warmer regions (regions 00 to 04), although onions can also
be cultivated in relatively warm (regions 05 and 06) and moderately warm (region 07) climatic
regions. Garlic is slightly more thermophilic, which may render its cultivation in moderately warm
regions hazardous.

In terms of soil protection against water erosion, onion and garlic cultivation areas are very
vulnerable, due to relatively weak root systems and the small above-ground mass of the plants.
Consequently, even gentle slopes (3-7°) harm the cultivation of bulb vegetables.

Allium vegetables are not nutrient-intensive. Suitable preceding crops for sowing are root
vegetables that have not been organically fertilised and cereals. In contrast, organically fertilised
vegetables, tubers, legumes and perennial feeding crops are unsuitable as pre-crops for alliums.

3.1. Optimal Area Selection for Vegetable Growing

As part of the assessment of soil and landscape suitability in Slovakia for vegetable cultivation,
areas potentially suitable or unsuitable for the cultivation of the monitored species were identified
(Table 3).

Table 3. Potential suitability of arable land of Slovakia for the cultivation of selected vegetable species.

Crop soil category (%)
very suitable suitable less suitable unsuitable

onion 4.89 24.82 2.54 67.75
beetroot 27.72 6.59 5.61 60.07
beans 30.92 17.79 3.14 48.15
cabbage 8.06 6.05 35.24 50.65
cauliflower 35.01 4.40 8.88 51.71
carrot 26.96 3.63 6.58 62.84
pepper 1.26 4.94 13.64 80.16
tomato 23.71 8.38 0.35 67.56
asparagus 3.57 2.05 0.56 93.83
pumpkin 23.37 8.51 0.86 67.25
cucumber 19.83 8.84 0.15 71.17
celery 32.61 5.07 2.93 59.39

The results indicate that, for certain vegetable crops such as beans, cabbage, and cauliflower,
there is a sufficient extent of suitable soils in Slovakia to support their cultivation. In contrast, the
availability of arable land appropriate for the cultivation of asparagus and peppers is considerably
more limited.

Table 4 presents the appropiateness of the area selection for vegetable cultivation in Slovakia
during the period 2020-2024.

Table 4. Share of actually cultivated vegetables by soil suitability category for their cultivation in Slovakia (%).
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Crop soil category (%)
very suitable suitable less suitable unsuitable

onion 9.28 60.31 7.67 22.75
beetroot 9.90 4.39 6.35 79.40
beans 26.61 25.99 0.01 47.36
cabbage 2.26 11.16 65.53 21.04
cauliflower 55.87 15.21 0.49 28.36
carrot 54.21 1.18 11.10 33.52
pepper 0.48 2.68 67.74 29.07
tomato 58.73 17.35 - 23.85
asparagus - 57.61 - 42.42
pumpkin 10.15 7.76 1.23 80.85
cucumber 39.87 17.16 - 43.19
celery 74.92 2.36 247 20.32

The results of the analysis suggest that soil characteristics are only partially taken into account
when selecting sites for large-scale vegetable cultivation. For crops such as pumpkin and beetroot, as
much as 80% of the cultivated areas are located on soils classified as unsuitable for their successful
growth. In practice, vegetable producers tend to prioritize factors such as land accessibility, proximity
to market outlets, and the feasibility of implementing intensification measures (e.g., irrigation
infrastructure, labour availability) over soil suitability. Nevertheless, integrating these practical
considerations with the specific soil requirements of vegetable crops could substantially enhance the
efficiency of vegetable production systems in Slovakia.

For improved clarity and utility, we identified the spatial distribution of soil suitability
categories for cultivating the analyzed vegetable species (Figure 2) and their actual placement on
arable lands in Slovakia (Figure 3) using map outputs. The maps were developed in vector format,
based on a database of soil parameters and real crop cultivation data (GSAA). This approach provides
immediate and easily accessible information, even at the level of individual utilized plots.
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Figure 2. Spatial identification of soil suitability potential for selected vegetable species cultivation.
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Figure 3. Demonstration of spatial mapping of selected vegetable species' actual distribution according to soil
suitability for their growth.

4. Discussion

Vegetable cultivation worldwide covers more than 55 million hectares. The largest share of both
cultivated area (nearly half) and production is recorded in China, while in Europe, Italy leads with
approximately 400,000 hectares. In 2024, around 2.0 million hectares of land in the European Union
were used for growing fresh vegetables, with just over half of this area located in Italy, Spain, and
France. This represents approximately 1% of the total agricultural area in the EU. In Slovakia,
vegetable cultivation occupies about 10,000 hectares, which accounts for only 0.4% of the country’s
agricultural land (EUROSTAT, 2024).

Numerous scientific and technical studies have addressed various aspects of vegetable
cultivation. Most frequently, these studies focus on advisory practices for establishing and managing
crops in home gardens [17,18,19] or greenhouses. Several authors [20,21] agree that the key to
successful vegetable cultivation lies in the physical, chemical, and biological properties of soils.
Therefore, this study focuses on identifying areas where soil parameters either permit or rule out
vegetable cultivation on Slovakia’s arable land. While many studies address soil chemistry and
agronomic practices related to vegetable production [22,23,24,25,26], our work concentrates on the
physical-geographical characteristics of soils—factors that are relatively stable and not significantly
affected by anthropogenic interventions.

Consistent with the findings of other researchers [27,28,29], we confirm that the requirements of
individual vegetable species regarding soil properties are highly variable. In general, however,
vegetables thrive in warmer climatic regions with deep, stone-free, medium-textured (loam) soils on
flat terrain, with a well-balanced water—air regime and a finely-lumpy soil structure.
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According to Ladaru et al. [30], vegetable farming can be considered a sustainable and
responsible method of agriculture, through which both the environment and natural resources can
be protected. Our findings support this claim, particularly in terms of rational land selection for
vegetable cultivation, which leads to more efficient land use. Locating vegetable crops in areas where
they grow best brings not only ecological but also economic benefits. Therefore, the vegetable sector
must continuously adapt to changing environmental conditions and societal demands, applying
scientific findings to ensure the production of sufficient quantities of high-quality vegetables under
suitable conditions [31].

Areas suitable for vegetable cultivation vary depending on specific soil and climatic conditions.
Favourable regions for vegetable growing have also been identified in vastly different environments,
such as in Tanzania [32]. There, highland areas are considered most suitable due to favourable
climatic conditions— particularly well-distributed rainfall —along with the availability of irrigation
and relatively good road infrastructure [33]. Similarly, in Slovakia, where the most favourable regions
for vegetable cultivation are lowland areas, the productive potential of such regions remains
underutilized.

In Slovakia, self-sufficiency in vegetable production on arable land is only 25.8%. When
including produce from allotments, the number increases to 51.3% [2]. The best results are observed
for onions, with self-sufficiency levels of 46% and 97.1%, respectively. This indicates that Slovakia is
heavily reliant on vegetable imports to meet domestic demand. Therefore, appropriate site selection
is a key prerequisite for increasing domestic production. At the same time, it is important to
remember that continuous cultivation of vegetables on the same fields may lead to declining yields
and soil degradation [21].

5. Conclusions

In contrast to many other studies, this research primarily focused on identifying suitable
locations and regions (rather than substrates) for vegetable cultivation in Slovakia. Using available
databases and pedogeographic data in vector format, we identified such areas and visualized them
through maps. We also highlighted both consistencies and discrepancies between the potential and
actual selection of areas for vegetable production. We believe that the presented results can contribute
to better, more targeted, and efficient use of the country’s land resources, as well as support the
expansion of the vegetable sector.
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