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Abstract. The present study aims to establish how the agricultural lands in Sălcuța Plain, a piedmont subunit of the 

Romanian Plain, are affected by the presence of micro-depressions on loess deposits. The formation of these micro-

depressions is closely related to the chemical and mechanical compaction process, which is conditioned by several 

factors, including the thickness of the loess deposit, the quantity of carbonates in the deposit, local morphometry, 

paleogeographic evolution, and climatic conditions. Based on satellite imagery from the 2010–2019 period, 303 micro-

depressions were identified. Out of the total number of depressions, 293 are located on agricultural lands, covering 

approximately 9.31 km2. On the surface of some of these depressions, soils with stagnant horizons (0.7 km2) have 

formed due to prolonged excess moisture. These types of soils gradually lead to the long-term degradation of 

agricultural lands. It is recommended to constantly monitor the evolution of soils with stagnant horizons and implement 

ameliorative agricultural measures in case an expansion of their area is observed in the long term. 

1. INTRODUCTION 

The process of suffosion is a global issue (Dinar et al., 2021; Herrera-Garcia et al., 2021). It has 

both natural and anthropogenic origins (Erkens et al., 2015), with hydrogeological processes being some 

of the main triggering factors (Galloway et al., 2016). 

In the studied area, a network of micro-depressions has formed as a result of the subsidence process 

(Posea et al., 2005). To decipher the formation mechanisms of these micro-depressions in the study area, 

it is necessary to have a good understanding of the characteristics of loess, loess-like deposits, and local 

morphometry. 

Loess is an unstratified sediment, primarily dusty, friable, and yellowish-brown in colour (Ielecniz 

et al., 1999; Újvári, 2016). It formed through the accumulation of wind-blown dust during glacial 

periods (Smalley et al., 2011; Buggle et al., 2011; Újvári, 2016; Peric et al., 2022; Mörtsjö, 2023). The 

source of the dust is complex, originating from the vicinity of glacial caps, the alluvial plains of 

hydrographic networks during glacial periods, or even from desert areas (Buggle et al., 2011; Zhuang 

et al., 2021). Loess can be found either as true deposits with a metastable structure (Smalley and 

Marković, 2019), or as loess-like deposits that contain other sediments, sometimes interspersed with 

fossil soils (Meszner et al., 2013; Banak et al., 2013; Constantin et al., 2021). This sediment is composed 

of a series of minerals, the most important of which are quartz (Perić et al., 2022), clay (Roberts, 2019), 

and carbonates, especially calcium carbonate (Smalley and Marković, 2019). Loess deposits and loess-

like deposits are found on all continents (Marković et al., 2013) and cover about 10% of the continents’ 
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surface area, being concentrated primarily in the middle latitudes of Eurasia (Újvári et al., 2008; 

Marković et al., 2013). 

The loess in Romania has the following characteristics: macro-porosity and a columnar structure, 

and is composed of dust (the highest percentage), clay, fine sands, and carbonates (Posea et al., 1974). 

In Romania, loess deposits and loessoid deposits cover approximately 40,000 km2 (Protopopescu-

Pake et al., 1966), with thicknesses of up to 30 meters (Geography of Romania, 1983). The most 

extensive deposits are located in the Southern and Southeastern parts of Romania, with approximately 

28,370 km2 found in the Romanian Plain (Geography of Romania, 1983). 

On the surface of loess and loessoid deposits, depending on certain circumstances, a series of negative 

landforms can appear in the form of depressions with various shapes (Kołodyńska-Gawrysiak et al., 2015; 

Kołodyńska-Gawrysiak and Poesen, 2017; Fagg and Smalley, 2018). In international literature, they are 

known as micro-depressions, closed depressions, or loess depressions (Grecu et al., 2015). Depending on the 

stage of evolution, these depressions have the following names in Romanian specialized literature: “crovuri” 

– with diameters of up to 1 km (which were formed by the mechanical and chemical compaction of loess 

deposits), “găvane” – representing the next stage of evolution resulting from the expansion or merging of 

“crovuri”, and “padine” – which have surfaces of several square kilometres and consist of multiple 

“crovuri” (Posea, 2006; Boengiu, 2008; Grecu et al., 2015; Achim, 2016; Grecu, 2019). 

According to the existing literature, there are several mechanisms for the formation of micro-

depressions on the surface of loess deposits, which can occur separately or together: 

• The chemical and mechanical compaction of the deposit, a mechanism conditioned by factors 

such as the thickness of the deposit, the amounts of salts, especially calcium carbonate (CaCO3), 

slope and relief fragmentation, paleogeographic evolution, and climate regime (Tufescu, 1966). 

This process occurs due to vertical water circulation, facilitated by the high permeability and 

porosity of this sediment (Florea, 1970). The salts within the deposit, especially calcium 

carbonate (CaCO3), dissolve in water and are transported to the base of the sediment, resulting 

in voids that are mechanically compacted under the weight of the deposit. This leads to the 

formation of unevenness at the topographic surface, which can later evolve into depressions 

(Florea, 1970; Costea, 2018). 

• Deflation (Kołodyńska-Gawrysiak and Poesen, 2017), which involves the wind-driven removal 

of fine particles from the surface of the loess deposit. The shape of the resulting depressions is 

influenced by the predominant wind direction in the area. 

• Depressions influenced by the paleo relief beneath the deposit, in which case loess takes on the 

shape of certain depressions or valleys that were part of the original relief (Kołodyńska-

Gawrysiak, 2019). 

• Anthropogenic depressions formed as a result of human activities, including the excavation of 

deposits, the collapse of underground galleries in limestone mines, and the creation of mining 

craters (Kołodyńska-Gawrysiak and Poesen, 2017). 

The purpose of this study is to highlight how the agricultural lands in Sălcuța Plain, a small 

lowland unit in Southwestern Romania, can be directly affected by the excess moisture associated with 

loess depression, and indirectly impacted through the degradation of the soils on the surface of these 

depressions. 

2. STUDY AREA 

Sălcuța Plain is a subunit of the Oltenia Plain with an approximate area of 220 square kilometres, 

located in the Southwest of Romania, between the following geographical coordinates: 23°36'48'' – 

23°52'40'' eastern longitude and 44°01'07'' – 44°14'30'' northern latitude (Fig. 1). 
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According to the 2018 Corine Land Cover data, 10 land use categories were identified (Table 1, 
Fig. 2): non-irrigated arable land (156.98 km²), broad-leaved forests (23.13 km²), pastures (14.06 km²), 
vineyards (9.61 km²), discontinuous urban fabric (6.06 km²), complex cultivation patterns (5.92 km²), 
land principally occupied by agriculture with significant areas of natural vegetation (3.17 km²), fruit 
trees and berry plantations (0.83 km²), industrial or commercial units (0.62 km²), transitional woodland-
shrub (0.21 km²). 

The geographic position on the continent places this region in the temperate-continental climate 
zone. This area is periodically invaded by masses of dry and hot, and sometimes humid air from 
Northern Africa or the Mediterranean Sea Basin (Vlăduț, 2011). 

From the perspective of the genetic type of relief it falls into, Sălcuța Plain is an old piedmont 
plain, an extension into the plain of the Getic Piedmont to the North (Posea, 2006; Grecu, 2019). 

 

Fig. 1 – The location of Sălcuța Plain at the national level. 

Table 1 

Land use in Sălcuța Plain (2018) 

Land use categories Area (km²) 

Vineyards 9.61 – 961 

Non-irrigated arable land 156.98 – 15,698 

Industrial or commercial units 0.62 – 62 

Broad-leaved forest 23.13 

Transitional woodland-shrub 0.21 

Discontinuous urban fabric 6.06 

Complex cultivation patterns 5.92 

Pastures 14.06 

Land principally occupied by agriculture  
with significant areas of natural vegetation 3.17 

Fruit trees and berry plantations 0.83 

Source: Corine Land Cover 2018. 

 
Considering the genetic type of relief (piedmont plain), the altitude of the entire area ranges 

between 52 and 175 meters (Fig. 3). Overall, altitudes between 145 and 160 meters predominate (Fig. 3). A 
significant level difference of approximately 80 meters has been identified between the upper part of the 
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slopes and the parallel valley low points that intersect the Eastern half of the study area. This level 
difference is due to strong erosion in friable formations, caused by native hydrographic organisms and 
the gradual deepening of the Jiu River, the main collector. 

The studied area is clearly outlined to the West by the Desnățui River Valley, and to the East by 

the Jiu River Valley, looking like an interfluve with a low slope ranging between 0 and 2 degrees (Fig. 3). 

An exception to this rule is found on the slopes of the previously mentioned parallel valleys, where steep 

slopes of over 15 degrees are recorded (Fig. 3). 

The degree of relief fragmentation is generally low, with the indicator of relief fragmentation depth 

having low values ranging between 0 and 85 meters (Fig. 4). In this case, the relief energy is low, 

characteristic of a plain relief. Similarly, the indicator of relief fragmentation density has low values  

(0 - 3.27 km/km²), indicating a poorly developed drainage network (Fig. 4). 

The main types of soils that are found in the study area are Chernozems, Phaeozems and 

Preluvosols. The solification rocks, on which these soils were formed, consist of loamy deposits 

(Simulescu & Grigoraș, 2016). Due to these loamy deposit in “crovuri” and “padine” cambic and argic 

chernozems, stagnic phaeozems, albic and preluvic stagnosols were formed. The structure of these soil 

types, the high content of loess, and the land use favour the intensification of hydric erosion processes. 

 

Fig. 2 – Land use and land cover in Sălcuța Plain (2018). 

Source: Corine Land Cover 2018, https://land.copernicus.eu/. 
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Fig. 3 – The value of altitude and slope steepness in Sălcuța Plain 
Source: Tănase et al., 2023. 

The entire surface of Sălcuța Plain is covered in loess deposits measuring approximately 10 to  
15 meters in various areas (Coteț, 1957). In the vicinity of Podari settlement in the Northern part of the 
study area, the loess deposits measure 15 meters, while further South, in the vicinity of Bâzdana 
settlement, the thickness of the deposits decreases to 10 meters (Coteț, 1957). Geological profiles were 
created in the areas mentioned above (Coteț, 1957), revealing that the loess deposits are interspersed 
with fossil soils appearing as dark-coloured bands. 

  

Fig. 4 – The value of relief fragmentation depth and relief fragmentation density in Sălcuța Plain. 

According to dating conducted through the magnetostratigraphic and paleomagnetic methods in 
three subsections near Drănic locality in the Southern part of Sălcuța Plain by Rădan & Rădan in 1998, 
it was concluded that the age of the loess deposits reaches as far back as the Middle to Upper Pleistocene 
(Rădan, 2012). 
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2.1. Data and methods 

The basis of this study consists in the analysing and interpretation of a complex geospatial database 

that includes both vector data and grid or raster data. All morphometric and statistical data were 

automatically calculated using the QGIS 3.22 software. 

The vector delineation of the study area was obtained from the geo-spatial.org site and was carried 

out by Bogdan Candrea, Petronela Candrea, and Mihai Daniel Niță based on the “Geomorphological 

Regionalization of Romania - 1984” map compiled by Grigore Posea and Lucian Badea. 

The vector data corresponding to the hydrographic network and localities were obtained from 

OpenStreetMap. 

The entire geospatial dataset was georeferenced and reprojected in the Pulkovo 1942(58) / 

Stereo70 projection – EPSG 3844. 

The working methods used in the identification and characterization of micro-depressions consist 

in the use of GIS tools (surfaces, spatial and nonspatial statistics, selection and extraction, overlay and 

proximity) in the analysis of different cartographic materials that reproduce the relief conditions, 

lithology, land use and land cover of the study area. Morphometric characteristics (elevation, slope, 

terrain fragmentation) of the study area were generated using SAGA GIS 7.8 based on the digital 

elevation model (DEM) with a spatial resolution of 20 meters, made available by the National Agency 

for Cadastre and Land Registration. Raster data takes a different approach. We used raster data as a 

backdrop to be used behind vector layers in order to provide more meaning to the future vector 

information. 

For this study, the authors use QGIS 3.22 software tools for automatically calculated depression 

morphometry (area, perimeter, minimum and maximum extent). Land use determination was carried out 

through the analysis of the vector “Corine Land Cover” dataset from 2018 for to Sălcuța Plain. The soils 

affected by frost and stagnant processes were identified using the “Soil Map of Romania” on a scale of 

1:200,000 published by the Institute of Pedology and Agrochemistry in Bucharest, from which all soil 

types in the study area were manually vectorized. The identified soil types were reclassified according 

to the Romanian Soil Taxonomy System of 2012. 

Finally, depressions were identified and mapped using a series of satellite images from Google 

Earth Pro and Microsoft Bing platforms from the 2012–2019 period. Subsequently, the results were 

validated through field observation campaigns.  

3. RESULTS AND DISCUSSIONS 

3.1. Relief conditions  

Following the inventory and mapping process using satellite imagery and field campaigns, 303 

depressions have been identified (Fig. 2). These are concentrated in the Central and Western part of the 

study area where terrain fragmentation is low, and the drainage network is poorly developed. In addition 

to the reduced terrain fragmentation, the low inclination of the slopes (< 2 degrees) has enabled the 

formation and evolution of these depressions (Tănase et al., 2023). 

The number of depressions has decreased over the past hundred years due to applied agricultural 

techniques, unclogging ploughing works (Stroe, 2003), and drainage channels, which have drained a 

significant portion of the depressions, causing many to disappear (Răducă et al., 2021). The removal of 

excess moisture and, consequently, compaction has allowed for land cultivation, but it has not eliminated 

the stagnant soil imprint and has contributed to bringing the carbonate illuvial horizon to the surface. 
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3.2. Main features of soil suffosion forms 

From the total surface area of 220.59 km² of Sălcuța Plain, depressions take up 11.45 km² (5.2%), 

with an average density of 1.6 depressions/km², the highest density of depressions, ranging from 10 to 

12 depressions/km², is recorded in the Central-Eastern part of the study area (Tănase et al., 2023). 

The surface area of depressions varies from 0.00015 km² (minimum) to 1.26 km² (maximum), 

with an average of 0.04 km² (Table 2). The average perimeter is 0.58 km, with a maximum value of 5.81 

km and a minimum value of 0.0455 km (Table 2). 

Table 2 

Values of the morphometric indicators for micro-depressions 

Indicator Average value Maximum value Minimum value 

Area (m²) 0.04 km² 1.26 km² 0.00015km² 

Perimeter (m) 0.58 km 5.81 km 0.0455km 

Maximum extension (m) 0.22 km 2.32 km 0.0171km 

Minimum extension (m) 0.13 km 0.86 km 0.0115 km 

 

The shape of depressions varies from circular, oval, elliptical, elongated to irregular in some 

special cases. The dominant direction of elongation of micro-depressions is influenced by the direction 

of underground drainage (Fig. 2). 

3.3. Soil degradation and LULC categories  

Of all the land use categories (Table 1), 7 are affected by the presence of depressions (Table 3): 

non-irrigated arable land (9 km²), Broad-leaved forests (0.31 km²), pastures (0.03 km²), complex 

cultivation patterns (0.02 km²), vineyards (0.01 m²), industrial or commercial units (0.01 km²), 

discontinuous urban fabric (0.0058 km²). 

Table 3 

Land use categories affected by micro-depressions 

Land use categories 

Spatial extension of micro-depressions 

(km²) 

Vineyards 0.01 

Non-irrigated arable land 9.3 

Broad-leaved forests 0.31 

Industrial or commercial units  0.01 

Discontinuous urban fabric 0.0058 

Complex cultivation patterns 0.02 

Pastures 0.03 

 

The classes raising the most significant problems are non-irrigated arable land (Fig. 5), secondary 

pastures, complex crop areas, and vineyards because the presence of depressions in these areas leads to 

the accumulation of a significant amount of water at the surface topography level. In this case, two 

problems arise for agricultural crops, one in the short term and one in the long term. 

The short-term problem is the excess of moisture that forms due to water accumulation. The direct 

and short-term effect is the alteration of the soil gas exchange process, affecting photosynthesis and 

respiration by reducing the oxygen supply to the plant roots (Cannarozzi et al., 2018). The risk in this 

case is a decrease in agricultural production or even complete crop failure if the water stagnates for a 

prolonged period of time, a subject which will be tackled in a future research endeavour. 
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Fig. 5 – Non-irrigated arable land cultivated with wheat, affected by excess moisture – North of Calopăr, Sălcuța Plain.  

Photo by Tănase G, 2023. 

On the long term, excess water leads to soil degradation through the formation of stagnogleic 

horizons, which are the product of surface water stagnation (Grigoraș et al., 2004). The genesis of 

stagnogleic horizons is closely related to excessive moisture and reduced aeration over a certain 

timeframe, leading to reduction processes and the appearance of reduced iron (Fe) and manganese (Mn) 

compounds with a greenish-grey colour (Grigoraș et al., 2004; Grigoraș et al., 2009). In depressions, 

two types of soils with stagnogleic horizons have been identified: stagnant argic phaeozems and luvic 

stagnosols. Stagnant argic phaeozems take up about 0.4 km², have a clay-loamy texture, and pose a 

moderate risk of excess water in rainy years (Soil Map of Romania 1:200,000, 1964–1994). Luvic 

stagnosols cover a smaller area of about 0.3 km², have a similar structure but experience prolonged water 

excess each year (Soil Map of Romania 1:200,000, 1964–1994). Soil degradation through the formation 

of stagnogleic horizons in the agricultural area of these depressions is a medium- and long-term issue 

that can lead to a gradual decline in agricultural production. 

A part of the micro-depressions, especially those with large surfaces, has been drained through 

drainage channels. Currently, the efficiency of drainage through this network of channels is low due to 

sedimentation and the vegetation cover. 

In this case, the continuous monitoring of stagnogleization process in the depression area and the 

implementation of ameliorative measures are necessary. The most important ameliorative measure is 

draining the excess water from the depressions by extending the existing surface channel network. In 

this regard, a slight slope of the relief from West to East facilitates drainage. Through this measure, 

besides slowing down the stagnogleization process, the short-term problem of excess moisture can be 

controlled. 

4. CONCLUSIONS 

The chemical and mechanical compaction of loess deposits is the fundamental process that has led 

to the formation of 303 micro-depressions. The occurrence of the compaction process was favoured by 

the morphometric characteristics of the area, especially the low inclination (less than 2 degrees) and the 

limited fragmentation of the relief. The generally elongated shape of the micro-depressions is a result of 

the overall West-to-East inclination of the terrain, which allowed for easy surface water drainage along 

the aforementioned direction. 
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The most vulnerable categories are non-irrigated arable lands and areas with complex crops, as in 
these areas, micro-depressions have the largest spatial extent (9.31 km²) and the highest density (around 
10 micro-depressions/km²). 

Within the aforementioned categories, argic stagnic facies and luvic stagnosols have been 
identified, which exhibit stagnant gley horizons. 

The depressions in the loess deposits at the level of Sălcuța Plain pose a serious problem for 
agricultural lands. In this regard, in the future, the issue may be extended to analyse how the 
accumulation of water at the topographic surface level has led to a reduction in cereal production in 
years with excessive precipitation. 
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