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Both soil formation and soil genesis as well as soil degradation processes are traditional objectives 

of physico-geographical research at the Faculty of Geography in Marburg. Andic Cambisols and 

Technosols and their genesis belong to the seldom studied soil science aspects. Therefore the analyses of 

the influence of both Late Pleistocene volcanic ashes and of mining activities since the industrial period 

on soil formation and on specific soil features have been studied, west of Marburg, in the Lahn-Dill 

Mountains. Soil degradation processes and their effects on soil features have been studied with special 

focus on soil compactions and soil pollution by heavy metals and organic toxic components in soils of the 

Halle-Leipzig Lowland mining and industrial area. Recent analyses focus on microplastic components in 

floodplain soils of rivers in Hesse (Germany). Both phosphorus concentrations and dynamic were studied 

in acidic forest soils in the Burgwald region in Hesse (Germany) The spatial and temporal dynamics of 

atmogenic dust depositions have been studied around the desiccated Aral Sea (Uzbekistan, Kazakhstan). 

River bed morphology analyses were carried out at different sections of the Lahn River in and near 

Marburg. Water deficit and water quality problems, as consequences of water withdrawal and climate 

change have been studies along the Zarafshon River (Tajikistan, Uzbekistan). 

Key words: Andic Cambisols, Technosols, soil degradation, microplastic in floodplain soils, 

phosphorus analyses in acidic forest soils, dust depositions around Aral Sea, water problems along the 

Zarafshon River.  

ИССЛЕДОВАНИЯ ПОЧВ, ПЫЛИ И ВОДЫ НА ФАКУЛЬТЕТЕ ГЕОГРАФИИ 
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Как формирование почвы, так и ее генезис, а также процессы деградации почвы являются 

традиционными целями физико-географических исследований на географическом факультете в 

Марбурге. Андские камбисолы и техносоли и их генезис относятся к редко изучаемым аспектам 

почвоведения. Поэтому был проведен анализ влияния вулканического пепла позднего плейстоцена 

и горных работ, начиная с индустриального периода, на формирование почв и особенности почвы 

к западу от Марбурга, в горах Лан-Дилл. Процессы деградации почвы и их влияние на 

особенности почвы были изучены с особым акцентом на уплотнение почвы и загрязнение почвы 

тяжелыми металлами и органическими токсичными компонентами в почвах горнопромышленной 

зоны Холле-Лейпцигской низменности. Последние исследования посвящены микропластическим 

компонентам в пойменных почвах рек в Гессене (Германия). Концентрация и динамика фосфора 

были изучены в кислых лесных почвах в районе Бургвальд в Гессене (Германия). 

Пространственно-временная динамика атмогенных пылевых отложений была изучена вокруг 

высохшего Аральского моря (Узбекистан, Казахстан). Анализ морфологии русла реки проводился 

на разных участках реки Лан в Марбурге и его окрестностях. Проблемы дефицита воды и качества 

воды, как последствия водозабора и изменения климата, были изучены вдоль реки Зеравшан 

(Таджикистан, Узбекистан). 

Ключевые слова: камбисолы андские, техносолы, деградация почв, микропластик в 

пойменных почвах, анализ фосфора в кислых лесных почвах, отложение пыли вокруг Аральского 

моря, проблемы с водой вдоль реки Зеравшан. 
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Introduction and Research Overview 

Due to the broad spectrum and versatility of the Physical Geography focusing the research 

activities is a logic consequence. Therefore the Department of Hydrology and Soil Science at the Faculty 

of Geography of the University of Marburg had its main research focus on the analyses of soil, dust and 

water problems during the last 20 years [1].  

For the understanding of nowadays soil-related environmental problems, the knowledge of soil 

genesis is an absolutely prerequisite. Soil features and soil use potentials can be only described in 

consideration with the soil formation. Due to the fact that soils formed under the influence of volcanic 

ashes and/or of mining activities are not very wide spread in Germany, there are considerable knowledge 

deficits about Andic Cambisols and Technosols [2]. Both rare soils have been studied west of Marburg, in 

the Lahn-Dill Mountains, a part of the Rhenish Massif (Germany). 

Both natural processes and anthropogenic impacts can cause soil degradation. That means the 

effects of these influences cause the deterioration of the usability of soils. If one or more soil functions are 

restricted, soils can be called under degradation [3].  The Scientific Council for Global Environmental 

Change of the German Federal Government has determined soil degradation as the disturbance of one or 

more of the four main soil functions: 1) the living space function, 2) the process regulation function, 3) 

the usability function, 4) and the soil culture function [4]. Soil sealing, for instance by different kinds of 

construction, water erosion and wind erosion are always connected with total or partial soil losses. Soil 

compaction, inundation, acidification, soil salinization, soil contamination by both heavy metals and 

organic pollutants, the abstraction and the eutrophication of soils are always connected to soil function 

loss or soil function disturbance [3]. Soil compaction and scontamination by heavy metals and organic 

pollutants have been studied in different sites in Central Germany. 

Due to the fact that the worldwide production of plastic products (e.g. 57 million tons of plastic 

produced annually in Europe) has become one of the most serious problems of survival of the Earth’s 

oceans organisms, a recent research project has started to identify the source and transition areas of plastic 

in floodplain soils of Hesse (Germany) [5]. 

In most areas with only sparse vegetation cover a rapid increase in intensity and expansion of 

sand and dust storms was observed during the last decades. Besides the existing deserts and semi-

deserts, desiccated lake basins are important sources of deflation and wind erosion. The concrete 

impact of the Aralkum as a new desert on the spatial distribution and on the temporal variability of 

dust storms and the deposition of dust was analyzed in Uzbekistan, Kazakhstan and Turkmenistan 

from 2003 to 2012 [6]. 

The improvement of the riverbed morphology as the result of river revitalisation measures 

aimed at improving the ecologic functions, the water storage functions, and the landscape aesthetic 

functions of river bodies have been monitored before and after revitalisation measures along the Lahn 

River and smaller tributaries in Hesse (Germany) [7, 8]. 

Along the Zarafshon River, from the headwater in Tajikistan to the downstream section in 

Uzbekistan water deficit and water quality problems have been studied. These investigations were the 

first analyses of the transboundary sections of the Zarafshon River both in Tajikistan and in 

Uzbekistan after the breakdown of the Soviet Union [9]. 

Results 

Andic Cambisols, according to the German Soil Classification called “Lockerbraunerden” [2], 

are only sparsely distributed on the European scale, but quite widespread along an eruption plume 

between the Laacher See volcano and the Hesse Upland. During the Late-Pleistocene eruption of the 

Laacher See volcano, approximately 12,900 BP, large amounts of Laacher See tephra (LST) had been 

emitted [10]. Sorting processes during the Aeolian transport of the volcanic ashes caused differences 

in thickness, grain sizes and mineralogical composition of the volcanic deposits with growing distance 

to the eruption centre. Four soil profiles near to the volcano and two soil profiles in a distance of 

approximately 100 km from the volcano have been analysed [11]. The sites near the volcano are 

characterized by thick layers of upper LST from the last eruption phase with the highest 

concentrations of Fe2O3, MgO, CaO, TiO2, Ba, Sr and K2O among all studied soil profiles. With a 

growing distance to the volcano the thickness of the LST layer shrinks and its origin can be traced 

back to the first eruption phase. At the far distance soil profiles the LST is more heavily mixed with 

non-volcanic material. Although the LST thickness and the mineralogical composition between sites 
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near and far to the volcano is quite different, Andic Cambisols had been surveyed in different 

distances from the volcano [11]. LST as a soil substratum and Andic Cambisols do have important 

ecologic functions. Due to their loose and pore-rich structure they are preferential habitats for 

burrowing animals. And due to their high pore volume they possess a high water storage capacity, 

which improves the growing conditions of plants. As a “scientific side-effect” the LST layer is an 

important temporal marker for the Late-Pleistocene, distinguishing the Older Dryas cold period, the 

Alleröd warm period during the eruption, and the Younger Dryas cold period, and their corresponding 

sediment layers. 

Based on 82 soil profiles and 182 soil samples, anthropogenic soils were identified as 

Technosols in a former mining area. The soil formation of Technosols strongly depends on the mining 

and post-mining activities in the Lahn-Dill Mountains. Considering the different formation of 

Technosols, and based on analyses regarding the location within the anthropogenic relief and the 

initial substrate of soil formation, a classification of Technosols in the context of the WRB 

classification system was developed [12, 13].  

 
 

Fig. 1. Technosols in former setting basins and on mining tailings, according to WRB (2015) prefix and suffix 

qualifiers [13] and according to KA5 (2005) horizon labels [14]. 

 

With increasing topsoil development in Technosols on mining tailings, the humus content in the 

Technosols generally increases. Alkaline pH values could not be observed despite concrete artefacts. 

The examples of the profiles AS-3, BS-7 and BS-22 show the increase of the humus support and the 

high variability of the skeletal content. Also, the color variety of the Technosols from tailings substrate 

is very distinct. In contrast, the Technosols in former sedimentation basins are mainly influenced by 

different water levels and groundwater dynamics. They are significantly younger and have probably 

been deposited in the 1970s. The results of the heavy metal contents within the Technosols and the 

partial exceeding of the national precautionary values, support the classification as soils with 

potentially harmful persistent inorganic substances, such as heavy metals. 

One of the greatest challenges of current environmental research is presented by plastics and 

especially by microplastic (MP) with a particle size of less than 5 micrometres. In recent decades, the 

environmental relevance of MPs has been investigated mainly in marine ecosystems as it is there that 

the MP accumulates along the food chains. But in connection with an increasing worldwide 

production of plastic products (e.g. 57 million tons of plastic produced annually in Europe), research 

has started to identify the plastic pollutant sources. After investigating rivers as possible transport 

paths for plastics from land to sea, current research is increasingly focusing on floodplain soils. Since 

floodplains are known as dynamic chemical sinks and spatial transport routes, they should be 

considered for an understanding of MP dynamics and the development of environmental protection 

concepts. Targeted sampling of floodplain soils in the environment of rivers in Hesse (Germany) 

makes a quantification of MP contents possible. The floodplains will also be sampled after flood 

events in order to investigate their influence on the spatial MP distribution. Within the project, a 

targeted investigation of MP particles will be made possible combined with soil standard analysis (e.g. 
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texture, humus content, …). MP will be gravitationally separated from the mineral soil after 

destruction of organic matter. The detection of MP will be carried out via thermal gravimetric analysis 

(TGA) and Fourier-transform infrared spectroscopy (FTIR). While the soil samples from the first 

studied floodplain of the Lahn River are sampled and are under laboratory analysis, the sampling and 

anaylises of a second (Nidda River) and a third (Fulda River) floodplain will be undertaken in 2020. 

Phosphorus studies in soils have been carried out both as indicator of past anthropogenic influences 

(using phosphorus as a tracer for abandoned settlements) and as an indicator of phosphorus leaching and 

lateral transport within acidic forest soils. A case study was carried out in an escarpment landscape of the 

Burgwald forest, north of Marburg (Hesse, Germany) with the main focus on a better understanding of P 

dynamics in highly acidic forest soils. The examined soils almost completely lack plant available P. On 

the other hand, slightly soluble P forms exist in disproportionately high amounts. This cannot be 

explained by a strong and principal fixation of P to Fe and Al, because these elements do not show a 

statistical correlation. Instead, the spatial distribution of the elements along the escarpment and inside 

single soil profiles shows their vertical-lateral translocation according to the slope gradient and in the 

course of soil forming processes. Therefore plant available P in the Burgwald region seems to be strongly 

affected by leaching. Probably plants directly absorb this leached P. Consequently, finding no plant 

available P in the examined soils does not mean there was none in the first place. 

A long-term monitoring program for the study of the spatial and temporal dynamics of 

atmogenic dust depositions was installed and sustained by three research projects around the 

desiccated Aral Sea (Uzbekistan, Kazakhstan). The highest average monthly deposition rate was 

registered in Uzbekistan (56.2gm-2), while the percentage of months with a very intense (and 

potentially harmful) dust deposition flux was highest in Turkmenistan (36.4%) [15]. A majority of 

samples were collected during months with a dust deposition of less than 10.0gm-2, while only 6% of 

all samples showed high monthly deposition intensities of more than 100gm-2. The Kyzylkum, 

Karakum, and Aralkum were identified as the main sources for aeolian dust in the Aral Sea basin. The 

impact of the Aralkum as the dominant source of aeolian dust is limited to a region of approximately 

500,000km2 surrounding the former Aral Sea. The Karakum is characterized by a very high frequency 

of dust storms of a local and regional magnitude, and close to the Kyzylkum, monthly dust deposition 

rates of up to 9,600gm-2 were registered. An analysis of the temporal distribution of the dust deposition 

showed a slight increase in the dust deposition activity and intensity between 2003 and 2012, with a 

strong inter-annual and seasonal dynamic. The highest average dust deposition was registered in June, 

and a second phase of intense dust deposition was identified in February. 

The results from this research give valuable insights into the spatial and temporal distribution 

and dynamics of the dust deposi- tion in Central Asia, but they are limited due to the short time scale 

of the sampling. A continuous monitoring program is therefore strongly advised for a better 

understanding of the processes of aeo- lian dust transport and the impact of aeolian dust on arable land 

and human health. 

The EU Water Framework Directive (EU WFD) requires the improvement of the quality of all 

water bodies in a cost-effective way. Therefore accurate knowledge is needed about the functional 

connections in aquatic ecosystems. So far research on the effectiveness of measures for river-structural 

improvements has rarely been carried out, making it difficult to forcast the ecological results of 

renaturation measures and hence hampering a cost-effective planning. With the help of the new 

developed TRiSHA (Typology of River Structures and Habitats) method a micromorphological 

mapping of the riverbed and the river banks was carried out. 

This newly devised habitat typology allows for a more precise biological assessment of river 

restoration measures. Several case studies were carried out at different sections of the Lahn River and 

smaller tributaries in and around Marburg, validating the effectiveness of the restoration measures 

based on the riverbed morphology and the aquatic fauna (macrozoobenthos), but also highlighting the 

limitations of these restoration measures in heavily impounded river stretches [17]. 

The Zarafshon River is located in the territories of Tajikistan and Uzbekistan and is one of the 

largest rivers of the Aral Sea basin. It runs for more than 870 km and covers a catchment area of 12.3 

thousand km². It originates from the Zarafshon glacier in Tajikistan and then proceeds from east to 

west between the Turkestan and Zarafshon Ridges. Until 1957 the Zarafshon River was the largest 

tributary to the Amu Darya. But since that time the runoff of the Zarafshon does not reach the Amu 

Darya anymore, because of to much water withdrawals for irrigation and other purposes (Fig. 2). In 

the territory of Uzbekistan, about 85% of the water resources of the basin are used for irrigation, 11% 
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for hydropower production and thermal power plant cooling purposes, 1% for communal services, 3% 

for industry and 1% for fishery [9, 19]. The demand for water was constantly increasing over the last 

decades, as the population is still significantly growing, while the water availability will significantly 

decrease as an effect of climate change. 

 

 
Fig. 2.  Meteorological and hydrological characterization of the Zarafshon River [18]. 

 
References 

1. Opp Ch. (1999): Geographische Umweltforschung – Ansätze, ausgewählte Ergebnisse, Perspektiven. In: 

Marburger Geographische Gesellschaft (Hrsg.): Jahrbuch 1999, p. 254-264. 

2. Ad-Hoc-Arbeitsgruppe Boden (Hrsg.). Bodenkundliche Kartieranleitung. Hannover. 2005. 

3. Opp Ch. (1998): Geographische Beiträge zur analyse von Bodendegradationen und ihrer Diagnose in der 

Landschaft. (Bodenkundlich-geoökologische und geographisch-landschaftsökologische Beiträge zur 

Umweltforschung). In: Leipziger Geowissenschaften 8. P. 1-187. 

4. Wissenschaftlicher Beirat der Bundesregierung für Globale Umweltveränderungen (WBGU) (1994): Welt 

im Wandel: Die Gefährdung der Böden. Jahresgutachten 1994, Bonn. 

5. Weber Ch. (2019): Dynamics of Micro-Plastic and Interactions with Heavy Metals in Floodplain Soils – 

Conception of a PhD Project. [Electronic resource]. – Mode of access: https://express.converia.de/frontend/ 

6. Opp, Ch., Groll M., Aslanov I., Lotz T., Vereshagina N. (2017): Aeolian dust deposition in the Southern 

Aral Sea region (Uzbekistan) - ground-based monitoring results from the LUCA project. Quaternary International, 

429. P. 86-99, DOI: 10.1016/j.quaint.2015.12.103. 

7. Groll M., Opp Ch. (2007): Gewässerbettmorphologie und Habitate in einem renaturierten Abschnitt der 

Lahn. Exemplarische Anwendung des TRiSHa-Verfahrens. In: Naturschutz und Landschaftsplanung 39/12. P. 369-

376. 

8. Groll M., Thomas A., Jungermann L., Schäfer K. (2016): Typology of riverbed structures and habitats 

(TRiSHa) – a new method for a high resolution characterization of the spatial distribution and temporal dynamic of 

riverbed substrates and microhabitats. In: Ecological Indicators 61. P. 219-233. 

9. Opp, Ch., Groll M. (2014): Status quo and development of Central Asia’s transnational rivers – case 

studies from the Zarafshan River and the Tarim River. Material of the International Conference “Remote and 

Ground-based Earth Observations in Central Asia. Bishkek. p. 264-270. 

10. Schmincke H.-U., Park C., Harms E. (1999): Evolution and environmental impacts of the eruption of 

Laacher See Volcano (Germany) 12,900 a BP. In: Quaternary International 61. P. 61-72. 

11. Hahn J., Opp Ch. (2011): Geochemische Eigenschaften von Laacher See Tephra enthaltenden 

Bodensubstraten in eruptionsnaher und eruptionsferner Position. In: Geologisches Jahrbuch Hessen 137. P. 65-77. 

12. Schad P. (2018): Technosols in the World Reference Base for Soil Resources – history and definitions. 

Soil 285 Science and Plant Nutrition 64 (2), p. 138–144. 

13. FAO (Food and Agriculture Organization of the United Nations), IUSS (International Union of Soil 294 

Sciences), ISRIC (International Soil Reference and Information Centre). World reference base for soil for 

international classification, correlation and communication resources, 3rd ed.; FAO: Rome, Italy, 2015. P. 296. 

[Electronic resource]. – Mode of access: http://www.fao.org/3/i3794en/I3794en.pdf 

14. KA5 (2005): Bodenkundliche Kartieranleitung. 5th ed.; Schweizerbart: Stuttgart, Germany, 2005. 

 



324 

 

15. Groll M. Opp, Ch., Aslanov I. (2013): Spatial and Temporal distribution of the dust deposition in Central 

Asia – results from a long term monitoring program. In: Aeolian Research, 9. P. 49-62. 

16. Opp Ch., Groll M., Aslanov I., Lotz T., Vereshagina N. (2017): Aeolian dust deposition in the Southern 

Aral Sea region (Uzbekistan) - ground-based monitoring results from the LUCA project. Quaternary International, 

429. P. 86-99. 

17. Gewässerbettmorphologie und Habitate in einem renaturierten Abschnitt der Lahn. Naturschutz und 

Landschaftsplanung 39. P. 369-376. 

18. Groll M., Opp Ch., Kulmatov R., Ikramova M., Normatov I. (2015): Water quality, potential conflicts 

and solutions – an upstream-downstream analysis of the transnational Zarafshan River (Tajikistan, Uzbekistan). 

Environmental Earth Sciences 73. P. 743-763. 

19. Kulmatov R., Opp Ch., Groll M., Kulmatova D. (2013): Assessment of water quality of the trans-

boundary Zarafshan River in the territory of Uzbekistan. Journal of Water Resources and Protection 5. P. 17-26. 

  


